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Foreword

This Annual Report of Kansai Research Establishment (KRE) is delivered to you for the fifth time, . -
covering the KRE activities in FY2003. Number 5 is memorable not only for this reason, but also it
signifies that the KRE head quarters have come to the present campus of Kizu, Kyoto 5 years ago (July
1,1999). On June 30, 2004, With the presence of the past three Director Generals (Dr Masashi lizumi, the
founding DG; Dr. Hideo Ohno, the second DG; Dr. Yoshiaki Kato, the third DG and current Executive
Director of JAERI), a celebrative gathering without fanfare was held to commemorate the fifth anniversary
of this campus. With the new HQ campus established, KRE has been working as a COE on photon research
relevant to energy research, consisting of the Synchrotron Radiation Research Center ,(SRRC) in Harima
(SPring-8) and the Advanced Photon Research Center (APRC) at Kizu.

At SRRC the new beam line (BL22XU) in the RI (radio isotopic) Laboratory has begun its work to

_investigate, among other things, the magnetic property of heavy metal materials such as uranium and
actinides. Their 5f electrons exhibit puzzling properties characteristic of their strongly coupled condensed
~ matter states. A number of breakthrough discoveries are memorable, among which, for example, the
amazing and multi-faceted behavior of perovskites has emerged. As we described last year, the Pd-doped
perovskite exhibits the self-healing property as a catalytic converter of automobile exhaust gases. The
synchrotron X-ray observation revealed this mechanism. In addition SR research shows that the famous
high temperature superconductivity of perovskite stems, at least partially, from the phonon (the “BCS”)
coupling. We also discovered in quantum dielectric matter the radiation-induced unusually large electric
susceptibility, which might serve as an agent for the direct energy converter from waste radioactivity to
electricity. 4 : .

The APRC scientists have managed to apply their coherent X-ray laser to investigate the paraelectric
property of yet another perovskite material. The first set of 100 TW laser acceleration experiment has
commenced, exhibiting an unusually large (*MA) amount of peaked electric current driven by the laser
acceleration. The direct observation:of the stress in the stainless steel surface by the SPring-8 synchrotron
radiation, followed by the removal of this residual stress by the femtosecond laser irradiation, has ‘been
demonstrated. This helps the troublesome stress-corrosion cracking (SCC) that has been observed and
- shown responsible for the shroud cracks found in many BWR’s in Japan last summer. ,

International initiatives to promote the world-wide and Asia-wide photor{ research have been taken by
the leadership of JAERI (Japan Atomic -Enérgy Research Institute) and Kansai. For example, International
Committee for Ultrahigh Intensity Lasers (ICUIL) has been initiated by the leadership of JAERI and other
world scientists to lead the world-wide organization on emerging intense laser science and technology
under the auspices of IUPAP (International Union of Pure and Applied Physics). The Tri-lateral’
collaboration (Japan-Korea-China) on the same subject has been agreed upon by the Director-Generals of
the Science Ministries of the three countries. (JAERI Kansai chosen as the hub for Japan.) We believe that
the frontier science of photon needs the concentrated effort of a COE as well as broad network of

' world-wide scientists. Also initiated this year is the Asian Intense Laser Network.

We invite your participation to KRE whether in the collaborative lab work, in theoretical long-distance
web work, or in science outreach activities. Happy photon research and welcome to Kansai!

Toshiki Tajima
Director General
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1. Summary

JAERI is a research institute complex of nuclear science and technology where
broad-ranged . top-of-the-line energy research facilities can be synthetically utilized that
encompass from synchrotron radiation, X-ray laser, to high-intensity proton accelerator(under
construction), accelerators of electron beam and ion beam, nuclear research reactors and
advanced computer system. = Kansai Research Establishment was established in 1995 to
promote the research of laser and synchrotron radiation with the integrated theme of bright
‘light’.

A new Long-Term Program for research, development and utilization of nuclear energy
was drawn up in The Atomic Energy Commission of Japan in November 2000. This
Program summarizes that nuclear science and technology has achieved remarkable
developments in the 20th century and brought about substantial changes in lives and lifestyles.
- In the 21st century, the advance of nuclear science and technology is expected not only to
form the basis for development of new energy technologies but also to serve to explore new
frontiers. High brilliant synchrotron radiation and ultrahigh intensity lasers can contribute to
the advance of life science and materials science related to nano-structure, environment and
information technology. As JAERI is expected to join with JNC(Japan Nuclear Cycle
Development Institute) in 2005 to become an integrated independent agency responsible for
the over all atomic energy researcher in Japan our research will be pivotal in promoting the
new direction in atomic energy research in Japan.

This Annual Report summarizes the research activities at both Synchrotron Radlatlon
Research Center and Advanced Photon Research Center in the period from April 1, 2003 until
March 31, 2004. Previous Annual Reports of Kansai Research Estabhshment of JAERI are '
shown in Table 1.

Table 1 Previous Annual Reporte of Kansai Research Establishment of JAERI :

JAERI-Review 2001-003 (March 2001)

JAERI-Review 2001-046 (February 2002)
JAERI-Review 2002-042 (February 2003)
JAERI-Review 2003-042 (February 2004)
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2. Facilities of the Advanced Plibton Research Center

The core competence of APRC is advanced lasers with high brilliance and high fluence. These lasers
include a compact ultra short pulse peta watt laser, a fully spatially coherent X-ray laser, and high-power
extremely efficient free-electron laser. These lasers are dedicated as tools for the exploration of new nuclear
energy science and technology and the development of novel radiation sources of X-rays, vy -rays,
electrons and ions. In order to support this development, simulation research using supercomputers (Super
Simulation Center for Photon-SSCP) and development of fundamental technologies of optical elements and
devices like laser crystals, mirrors, gratings, etc. are also implemented in the APRC.

The APRC has engaged in the research and development of advanced lasers such as compact hlgh power
lasers with a peak power of petawatts (10" watts), X-ray lasers with full coherency, and free electron lasers
with high average power and high efficiency. Utilizing these lasers, the APRC also challenges generation
and application of high-energy ion and X-ray, development of new particle sources, X-ray microscopes, etc.

These advanced lasers and generated highly energetic ions and X-rays have distinctive characteristics
such as high intensity, high coherency, or short pulse, which are different from conventional radiations. The
APRC develops various techniques for utilizing these high quality radiations to various fields of science
and technologies, along with JAERI's own knowledge of neutrons, synchrotron radiation, and ion beams
research. The APRC also collaborates with industries and universities in research and development
activities. :

A bird’s-eye view of the Advanced Photon Research Centcr is shown in Fig. 1. Research activities are
mainly progressing in a laboratory building where four big laboratories for development and applications of
high power lasers are provided, and the researchers’ office building where a super computer is equipped.
There are a conference hall where we can hold symposiums and meetings to introduce research results of

- Kansai- Research Establishment, and the
guesthouse for accommodation.

The buildings with a dome at the right
foot in the photograph is the “Kids’
Science Museum of Photons”, which was
opened in. July 2001, contributing to
science educations for the younger
generation in Keihanna Science City. The
number of visitor has counted up to
100,000 on 11 February 2004. The
IT-based laboratory (ITBL) building
shown at the left top was opened in March
2002. - :

" Laser accelerahon and high field science lab X-ray laser lab.

Fig. 2 Four main laboratories of the Advanced Photon Research Center

_3__
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3. Facilities of the Synchrotron Radiation Research Center

SPring-8 is a synchrotron radiation photon source, the brightest third-generation photon source in
the world. Such a bright photon source can be employed to advance the materials science research,
environmental research and nanoscience and biological research. SRRC of JAERI has contributed crucially
to take a leadership in appllcauons of this facility, in particular to materials science.

SPring-8 was operated in the 2003 fiscal year as scheduled. Four JAERI beam lmes were also
operated favorably. In the beamline BL11XU (see Fig. 1), research of nuclear resonant scattering of
materials, resonant inelastic scattering of colossal magnetoresistance manganites and surface structure
during molecular beam epitaxy growth were done. In the beamline BL14B1 (see Fig. 2), structure analysis
under high pressure, correlation between structure and function of materials were investigated. The
BL22XU (see Figs. 3 and 4) beamline has the experimental equipments for high pressure studies and X-ray
diffraction and also for studying the magnetic structure of uranium materials in the radioisotope laboratory
(RI lab.). In the beamline BL23SU (see Figs. 5 and 6), surface chemistry, radiation effect on DNA and
electronic structure of electronic materials were studied, and Uranium compounds were mvestlgated by
using the x-ray absorption magnetic circular dichroism (MCD) and the photoelectron spectroscopy m the
RI lab

Fig. 5 BL23SU
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4. Advanced Photon Science
Toyoaki KIMURA

The APRC is pursuing the research and development of advanced photon sources such as a compact,
- ultra-short, high intensity laser, x-ray laser, and a superconducting linac-based free electron laser (FEL) and
their applications. In the report on integration of the Japan Atomic Energy Research Institute (JAERI) and
the Japan Nuclear Cycle Development Institute (JNC) ‘the research on the advance photon science is.
defined as the research and development of radiation applications. '

In FY2003, the following remarkable progress has been made in the development of advanced photon
sources. In the development of a compact, ultra-short, high intensity laser, the average output power of 360
W and a repetition rate of 1 kHz have been achieved in the development of a LD-pumped Nd:YAG laser,
which is a pumping light source applicable to a titanium-doped sapphire (Ti:sapphire) chirped pulse
amplification (CPA) laser system. For the experiments on laser-driven radiation sources of high energy ions
and electrons and X-rays a 100-TW laser system has been operated for about 2 months (122 hours). We
have also developed a next generation of ultra-short, high intensity laser by using a laser material with high
- excitation density and efficiency. The output energy of 20 ml/pulse was obtained in the regenerated
amplifier at 20 Hz with a liquid- nitrogen-cooled laser crystal of Yb YLF. This. result encouraged the
development of an over peta-watt laser system.

In the R&D of the X-ray laser system, spatial distributions of electron density profiles in laser-produced
plasmas were successfully obtained with an X-ray interferometer in a joint-experimental campaign with
University Paris Sud. In the experiments for increasing the output intensity of X-rays with spatially full
coherence, the amplification gain of about 1000 was obtained by optimizing the parameters relevant to the
amplification such as spatial uniformity of target plasma density in the double silver target system.

. In the research of the free-electron laser (FEL), we have started to increase the output power of the
energy-recovery type linac (ERL) -based FEL system g to 20 kW. We also confirmed the FEL pulse shows
self-chirping behavior. We successfully hosted the 25 Intei'national Conference on Free Electron Lasers
(FEL 2003) at Tsukuba in September.

“Remarkable progress was made in the application of these advanced lasers In the research on high field
science, the study on the generation of high energetic protons is aimed at developing a compact laser-driven
ion source which is applicable as an injector of a proton accelerator for cancer therapy. We observed
energetic electrons (>2 MeV) and protons (>1 MeV) produced by focused 50 fs Ti:sapphire laser pulses at
- the intensity-of >10"*W/cm®. We have also installated a target chamber system for the experlments with the

100 TW Ti:sapphire CPA laser. In the research on laser wakefield acceleration, we carried out the .

experiments by using 20 TW, 20 fs laser pulses. The experiments resulted in ultrahigh current relativistic

electron beam acceleration of the order of mega ampere with an energy spectrum up to 40 MeV. ,

In the application research with femto-scond lasers, we investigated a new method for preventing
_stress-corrosion cracking in which serious phenomena were recently found in core shrouds of nuclear

* power reactors in Japan. We demonstrated that we could remove the surface layer including residual stress
which is the origin of SCC without giving any additional thermal effects to the material.

In the developments of laser optical elements, we optimized the temperature of heat conduction in the
Nd:YVO,and YVO, bonding process to prevent precnpltates at the bonded interface. In the developments
of soft x-ray optical elements, we fabricated the multilayer mirrors consisting of oxide and nitride layers for
use around the K-absorption edge of carbon (1 = 4.4 nm). The measured values of soft X-ray reflectivity
of the C0;0,/Si0, and the Mix/BN multilayer mirrors are about 2.0 % and 1.5 % at the wavelength of 4.5
nm, respectively. We also examined a natural muscovite mica crystal to develop the polarization elements
in the soft X-ray region of 1-2 keV and confirmed that muscovite mica is a promising candidate as a-
reflection-type polarizer, with approximately 1.4% reflectance for s-polarization around 0.9 keV.

In_the research on computer simulation and analysis, we found the p0551b111ty to generate ions with
energy region above GeV by irradiating laser pulses with an intensity of 10 W/cm? or more onto plasmas
with a thickness of 1 um and a solid density. The atomic data and atomic process codes, which have
originally been developed for the study of X-ray lasers, are applied to the investigation of the complex
spectrum of Xe and Sn plasmas in the extreme-ultra-violet (EUV) wavelengths. It was found that the effect
of satellite lines and opacity are essentlal for estimating the conversion efficiency of the laser pumped Xe
and Sn sources. -



" JAERI-Review 2004-030

4:.1 High Peak Power Laser Develobment
Laser System Development Group
Koichi YAMAKAWA _.
The research activitjes.of the Laser System Development Group .in( 2003 are focused on the following topics:

« Understanding the dynamical behavior of atoms and clusters exposed to extreme fields.
. » Development of compact , high repetition rate, diode pumped solid-state lasers.
« Quantumn control of chemical reactions.

Production of highly charged ions via laser-matter interactions has been a subject of great interest ever since high
power laser sources became available. Over the last two decades the number of groups have studied the interaction of
strong laser fields with atoms in the regime from multiphoton to tunneling ionization". In the tunneling regime,
ionization of atoms exposed to the strong laser fields has been investigated extensively for many atomic gases in the
intensities ranging from 10" to 10 W/em? *®. Understanding the dynamical behavior of atoms exposed to external
fields is fundamental to provide knowledge of properties of matter under such extreme conditions, as well as solutions
to control new physical effects for many applications. _

Modem high-power lasers can now access to extraordmary high intensities of 10”° W/cm’ in extxemely short
durations of 10-fs at unprecedented high repetition rates of 36,000 shots per hour. Such super-strong fields correspond
to 60 times the field binding the ground state electron in the hydrogen atom and inner shell electrons for heavy (high Z)
atoms do not remain within the atomic center. At such intensities the electron velocity in the laser field also becomes
relativistic. Thus, the free electrons move at close to the speed of light and their mass changes dramatically compared to
their rest mass. Consequentially, it is now possible to test many—electron dynarmcs of complex atoms in radically new -
ways. :

We have studied tunnehng ionization of complex rare gas atoms (Xe, Krand Ar) by usmg a 100-TW, 20-fs, 10-Hz
Ti:sapphire laser system. Highly charged ions as high as Xe™, Kr'®" and Ar'® have been observed at the laser
intensity up to 2.6 x 10" W/cm2 % We have found that the 1omzatlon of many electron atoms at a given intensity is
dependent both on the ionization potentxal and on the atomic species in the fully relativistic field for the first time to our

. knowledge. It is also concluded that the conventional treatments of multiplé ionization do not correspond to our
experimental findings for the Xe atom. The essential findings were (1) unexpected 1omzat10n probabilities for lower
charge states, also (2) no .interplay between the inner- and outer-shells by screening, and (3) suppression of
nonsequential ionization towards relativistic intensity and also few optlcal cycle regimes. These new findings have
given us a hint of how many-electron systems behave in such fields ™. n

: Referenm
1) See for example Mudtiphoton Processes, edited by L. F. DiMauro, R. R Freeman and K. C. Kulander, AIP Conf. Proc.

‘No. 525(AIP, New York, 2000).
2)F. Yergeau, S. L. Chin, and P. Lavigne, J. Phys. B 20, 723 (1987)
:3) S. Augst, e al., Phys. Rev. Lett. 63, 2212 (1989).
4)E. Mevel, ¢t al, Phys. Rev. Lett. 70, 406 (1993).
5)S. Larochelle, A. Talebpour, S. L. Chin, J. Phys. B 73, 1201 (1998).
6) K. Yamakawa, ez al,, Phys. Rev. A 68, 065403 (2003).
7)K. Yamakawa, et al., Phys. Rev. Lett. 92, 123001 (2004).
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4.1.1 Optlcal field ionization of rare gas atoms by ultrashort laser pulses with peak
intensities greater than 10" W/em’
thaka AKAHANE, Yuji FUKUDA, Makoto AOYAMA, Nonhife INOVUE,l
Takayuki UTSUMI, Koichi YAMAKAWA |

1. Introduction

The presence of strong laser fields radically alters the nature of atomic systems. Nowadays, the evolution of
reliable, ultrafast, chirped-pulse-amplification (CPA) technologies has allowed. systems to produce 10-fs-range,
multiple-terawatt peak power pulses’. Such lasers can access to focused peak: intensities of 10% W/em® at 36,000
shots per hour. These intensities correspond to 60 times the field binding the ground state electron in the
hydrogen atom and inner shell electrons for heavy (high z) atoms can not be stayed within the atomic center. At
. such intensities the electron velocity in the laser field also becomes relativistic. Thus the free electrons move at
close to the speed of light and their mass changes dramatically compared to their rest mass. Consequentially, it is
now possible to study of ionization dynamics of the atoms in entirely new regimes. We report on optical field
ionizations of complex rare- gas atoms exposed to super-intense 800-nm, 10-Hz laser pulses of 25-fs duration. We
have studied multiple ionizations of three rare gases (Xe Kr and Ar) and observed charge-states as high as Xe**,
Kr'”" and Ar16+ at the laser intensity of up to ~ 3 x 10" W/em’ in vacuum 2. We have compared integral ionic
charge state ylelds of these atoms with those results from the ADK model We found that the ionization of many- -
'electron atoms is dependent both on the ionization potential and on the atomic species in the fully relativistic field.
It is suggested that the non-relativistic ADK tunneling ionization theory is still valld to describe the bulk of the
ion yields of various complex atoms even in the relativistic regime.

2. Experiment

To perform an ultrahigh-field atomic phtoionization = 40} ' o
experiment, we used a state-of-the-art 100-TW, 20:fs, = xe'” ’
10-Hz Ti:sapphire CPA laser system which is capable 3 30} \ -
of producing focused laser intensity up to 10 W/em® . &

The diameter of the focal point of the attenuated laser. . @ 20 xe 7
-beam was analyzed by an objective lens associated with - -c%’ 10}

a CCD camera. Using an off-axis parabolic mirror of g

focal length of 161 mm, we obtain the spot diameter of ~ ©

11 um at 1/&® with 53% of full energy, which
-corresponds to the estimated peak intensity of 2.6 x
10" W/em®. Rare gases such as Xe, Kr, and Ar were
introduced into the chamber with a precision leak valve.
Gas pressures in the chamber were controlled typically
below 1 x 107 Torr in order to reduce space charge and
collective effects: The ion species are separated with a
I-m time-of-flight (TOF) mass spectrometer and .
detected with a dual micro channel plates (MCP).
3. Results

Figure 1 shows the typical TOF mass spectrum of 50 55 50 55 70
Xe ions produced at the laser intensity of up to 2.6 x ' Mass Number m/z o '
10" W/em®. As shown in Fig. 1, the charge states up
to Xe*, which oorrespondS to Ni-like Xe have been
observed. The appearance of Ar’" is due to the result of
mixed gases in order to determine the relative laser intensities among the gases. As for Kr and Ar, the charge states
-have also been detected as high as19 and 16, which corresponds to Cl-like Kr and He-like Ar, respectively.- These
are the highest charge states produced by the collisionless ionization of these atoms to our knowledge. In order to
clarify the ionization dynamics of the different atomic species in the fully relativistic laser field, we first compare
the integral ionic charge state yields of Xe, Kr and Ar with those results from the ADK model. We calculate the:
minimum sum of squares differences between the experimental values obtained at the intensity of 2.6 x 10" W/cm®
and the calculated yields at the various intensities between 1.0 x 10'® W/cm?® and 3.0 x 10" W/cm® for Xe, Kr and
Ar, respectively. The best agreement between the experimental and theoretical yields occurs at the theoretical laser
intensities of 3.5 x 10" W/em®, 4.1 x 1_0'8 W/em? and 1.3 x 10" W/em? for Xe, Kr and Ar, respectively. The

\Ion Signal (arb.units)

Flg 1 Time-of-flight ion mass spectrum of xenon
at the laser intensity of 2.6 x.10" W/cm’.
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calculated intensity disagrees with the experimental
one for Ar by a factor of 2, while'a comparison 40™®
between the theoretical intensities- from the ADK CRORTI B
model and the experimental ones for Kr and Xe BTA e %25
shows rather poor agreement. As a result, the model 10
derived the peak intensities vary by a factor of 3.7.
We emphasize that we repeated the measurements
for several times and saw no discernible changes in
the relative intensities between all “these atoms,
which means that the disagreements are due to some = -
physical differences in the ionization processes. '
In 1989, Augst et al. have found that the -
appearance intensity is dependent both on the
ionization potential and on the atomic species”. The N , .
appearance intensity is defined as the intensity at 10M \ Sy , \ , ,
which a small number of ions are produced on a 100 200 300 400 500 600 700 800 900
particular charge state. It was observed that there
was systematic lowering of the appearance intensity
with increasing atomic number. Considering the . Fig. 2 Calculated saturation intensity versus
situation “ of our results, we first predicted the ionization potential for three rare gas atoms.
saturation intensities on each. charge state of the three g
rare gases by the ADK model. The saturation intensity is where the growth in the ion-yield curve levels off to a 3/2
power law in intensity. We use the saturation intensity instead of the appearance intensity, since the saturation
threshold is independent of the gas pressures ‘and therefore eliminates an experimental uncertainty somewhat. Fig. 2
shows a plot of the calculated saturation intensities for the each charge state of ions of the three rare gases versus
the ionization potential. The saturation intensities of Xe, Kr and Ar shown in Fig. 2 separate into a group of curves.
The curves of smaller atomic numbers lie above those of larger atomic numbers. This ordering means that the laser
fields remove electrons from higher valence shells more easrly than from lower valence shells for a fixed ionization
potential. Because the ion yields of Xe™, Kr'”" and Ar'™" are close to or above saturations at the hlghest laser
intensities, the saturation intensities of these charge states were calculated to be 3:2 x 10" W/em? , 5.0 x 10®
W/em? and 1.0 X 10" W/em®, respectively. Across all the three rare gases the calculated peak intensities is differ by
a factor of 3.1, indicating a validation of relative agreement between the experimental data and the calculated yields.
It is therefore suggested that the non-relativistic ADK tunneling ionization theory is still valid to describe the
bulk of the ion yields of various complex atoms even in the relativistic regime. Though our result shows initial
ionization process is non-relativistic even in the relativistic field, an ejected electron should obtain the relativistic
energy in the final continuum state that is on the order of its rest energy mc’. For example, the ponderomotive
energy of the free electron is on the order of 1 MeV at laser intensity of over 1 x 10" W/cm’ and therefore the
electron velocity becomes fully relativistic. Further experiments are currently underway ‘to measure a forward
electron momentum due to the relativistic quiver motion and kinetic energy of electrons and relativistic high-order
harmomcs in the super-strong laser field.

Ar1S+
L

A
10" e ®

Saturation Intensity (W/cmz)

lonization Potential (eV)
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4.1.2 Ionization dynamics of a Xe atom in super-strong laser fields

- Yutaka AKAHANE, Yuji FUKUDA, Makoto AOYAMA,Y Norihiro INOUE,
Takayuki UTSUMI, Koichi YAMAKAWA

" 1. Introduction _ _ _
Understanding thé dynamicél behavior of atoms exposed to external fields is fundamental to provide
knowledge of properties of matter under such extreme conditions, as well as solutions to control new
physical effects for many applications. In this report, we present. on optical field 1omzat10n of a Xe atom
by 800-nm, 10-Hz laser pulses of 20-fs duration with peak intensities ranging from 10" to 10'® W/cm?.
.2. Experiment
The present work uses a table- top, next generatlon Ti:sapphire chirped-pulse amplification (CPA)
system that generates 100-TW, 20-fs, 10-Hz pulses D In order to “clarify the ionization dynamics of the Xe
atom, measurements of the ion yields as a function of the laser intensity were carried out with the signal-
averaging technique at the intensity range from 10" to 10" W/cm® In our experiment, the linearly
polarized laser light was focused using an off-axis parabolic mirror of focal length 161 mm in the center of
the ionization chamber having a background pressure below 8 x 10~ Torr. The Xe pressure in the chamber
was controlled typically below 1 0”7 Torr in order to reduce space charge and collective effects. Three sets
of intensity scans were performed with a combmatlon of different amplifier stages and partial reflection
. mirrors in the intensity range from (1) 6 x 108 to9x 10" W/cm 2)6x 10" t0 1.5 x 10" chm and (3)
1x 107 to 1.5 x 10" W/em?, respectively. The ion species are separated with a 1-m time-of-flight mass
spectrometer and detected with dual micro channel plates. Each data run consxsts of 1,000 laser shots with
the laser energy-fluctuations of less than 5%. R A
3. Results . ]0‘
The results of the ion-yield data for Xe as a
function of laser intensity are shown in Fig. 1.

The theoretical curves calculated by the ADK % 10%
model are also shown as the references in this 3
figure. The results presented in Fig. 1 clearly -g, .

. show disagreement between the experimental =
ion curves and those from the ADK model %10 i
along the laser 1nten51ty scale. In orderto @ |
compare between the experimental ion curves § 2'
and those obtained theoretically, we evaluate a - 10 F
shift factor on each ion curve along the i
intensity scale by the least-squares method.
The experimental curve of Xe”* already begins

to disagree with the theoretical one by 15%, " - Laser Peak Intensity (W/cmz)

while a comgarison 6between the experimental Fig. 1 Comparison of expériment and theory for
+ +
curves of Xe to. Xe™ and those from the ADK tunneling ionizations in Xe as a function of laser
model shows rather poor agreement. F(Zr intensity. Experiment: A= 800-nm, T = 20-fs,
. +
example, the experimental curve of Xe Theory: the quasi-classical tunneling theory

disagrees with Athe theoretical one by nearly (solid curves) with no shift in laser intensity.
50%. '

In general, the atomic ionization energy is a unique and fundamental property for all elements.
Therefore, the influence of the many-electron dynamics in the strong laser field should not be neglected.
More surprisingly, the experimental curve for Xe’ returns to fit the theoretical one subsequently ejecting
all the electrons from the n = 5 shell of Xe. This result indicates the absence of a relationship between the
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4d inner shell and the n = 5 outer shell.
Therefore, we may emphasize that the 10
ionization processes strongly depend on ‘the
atomic structure and outermost shell density.
So far, a small amount of theoretical work has -
been carried out to test the dynamics and:
interplay of outer and inner shells in complex
atoms. L'Huillier et al. have shown that the 4d
inner shell will be shielded from the external -
field by the outer S5p shell”. In the case,
multiple ionization in the n =5 shell, therefore,
varies by screening effects. For a given
external laser intensity, the effective (local)
intensity should increase for each step of the
stripping process by screening, increasing the 10 10 10
probability for creation of higher charge states. Laser Peak Intensity (W/cm)
- This is what we observe in the experimental
ion curves towards lower intensities.

ol

lon Signal (arb. units)

O,

Fig. 2 Comparison of experiment and theory for

) tunneling ionizations in Xe as a function of laser’
Considering the result in the case of Xe™, it is intensity that is identical to Fig. 1, but with shift
also favorable to the case suggested by  (he theoretical curvés along the” laser intensity
L'Huillier et al. It is simply explained as - ’

~ follows. Stripping of the outer shell occurs by

" the leading edge of the pulse, which reduces the screening. The effective intensity in the 4d inner shell
then approaches the given external intensity and leads to sequential tunneling ionization.

As part of the comparison between the experimental curves and those obtained theoretically, we shift
the theoretical ones along the laser intensity scale to match the data in order to look at the presence of the
knee structures described previously. This is presented in Fig. 2 and made based on the shift factor. From
Fig. 2, it is clear that the experimental ion yields of Xe?* to Xe'" are more effective by orders of magnitude
than predicted by the ADK model at the laser intensities below saturation of ionizations while the ion
yields of Xe 8 to Xe?® can be thought to follow the calculations. The discrepancies in Xe¥'- Xe'* yields
between the experiment and the ADK model at these intensities are a signature of NS ionization. From a
classical point of view, the tendency of the ionic charge state yields of over Xe’ can be qualitatively
explained by suppression of NS ionization with increasing laser intensities towards the relativistic regime.
In this regime the magnetic field component is no longer negligible, causing a forward drift momentum of
photoelectrons in the laser propagation direction. For example, a result of a classical trajectory of the
ionized electron by our one-dimensional calculation shows that the displacement of the electron along to

* the laser propagation direction is of the order of 10-nm over the half laser cycle at the laser intensity of
10" W/cm®. Then, the electron loses the parent ion and no tescattering will occur. Our experimental result,
therefore, confirms the indirect evidence for the suppression of NS ionization of Xe at the fixed relativistic
laser intensity”. It is concluded that the conventional treatments of multiple ionization do not correspond
to our experimental findings for the many-electron atom”. The essential findings were (i) unexpected
ionization probabilities for lower chafge states, ‘also (ii) no interplay between the inner- and outer-shells by
screening, and (iii) suppression of nonsequential ionization towards relativistic intensity and also few
optical cycle regimes. These new findings have given us a hint of how many-electron systems behave in
such fields.
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scale to match the experimental data.



JAERI-Review 2004-030

4.1.3 100-mJ, 1-kHz, single-stage amplifier.of femto-second pulses

~ Junji KAWANAKA, Hajime NISHIOKA®, Koichi YAMAKAWA, and Ken-ichi UEDA® -

a) Institute for Laser Science, University of Electro-Communications

1. Introduction ‘ - 160

Femto-second pulse lasers with sub-joule output power in 120k

- -kilo-hertz repetition rate are in high demands for advanced

-
o
[e]

application fields such like high order harmonic generation

-
o
(=]

and micro-processing. A 60-mJ diode-pumped chirped-pulse
regenerative amplifier has been developed.[1] A cryogenically
cooled Yb: LiYF, (YLF) crystal are used to improve the laser

H D
o O

‘characteristics in diode-pump. The repetition rate was,
however, still 20 Hz. Our next goal is 100 mJ, 1 kHz.
~ operation. Thermal effects are significantly serious especially

- Crystal temperature (K)
o0
o

[}
o

in_high energy density operation of Yb-doped materials. . 0 12 3 4 5 6
Fortunately, thermal conductivity of the laser crystal is - Pump intensity (kW/cm’)
significantly i_mproved_at low temperature. In addition, the Fig. 1 Crystal temperature as a
thermo-optic coefficient (dn/dT) and the coefficient of the  function of pump intensity.
thermal expansion become lower. In this letter, temporally :
integrated crystal temperature has been calculated '

for sapphire-sandwiched Yb YLF crystal in-100 mJ, E iber—couple

1kHz operation. v . "d LD

. 2— or 3—pass

Fi bér—coup le
d LD

. 2. Regenerative amplifier design

A 0.6-mm thick - Yb:YLF disk crystal is
sandwiched with 2-mm thick sapphire plates for
efficient heat removal. The crystal is conductively
cooled by a liquid nitrogen cryostat. The crystal - o Thin
temperature was calculated as a function of a pump - film
intensity shown in fig. 1. The pump intensity should AmgloTrfied ’
be below 3.2 kW/cm’ to keep the crystal '

temperature below 100 K, where the 4-level laser Fig. 2 Regenerative amplifier at 1-kHz rep. rate.
system is realized. The small increase of the crystal '

Pockels
cell

temperature with 23 K is not serious problem for thermal 1000
lensing and thermal birefringence. Figure 2 shows our - r
designed regenerative amplifier. A three-pass amplification 800 f,

system is adopted in a regenerative ‘cavity to realize efficient
energy extraction. Because a single-pass laser gain is not so
high in such low pump intensity. A calculated total pump

Pump power
(2]
o
(=)
L]

power for 100 mJ, 1 kHz operation was 235 W in cw pump. 400
3. Results . 200 .“ . 235W . !
A 100 mJ, 1 kHz regenerative amplifier has been designed. I !
~ The temporally integrated heat effects due to pump power are 2 PR T 2
not serious yet in such low pump intensity. Crystal damage in 0 1 2 3 4 5 6
transient heating due to reabsorption of an amplified pulse - Pump intensity

t be studied d100 K.
must be studied aroun Flg 3 Pump power for 100-mJ, 1-kHz

ion.
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_ 4.1.4 Generation of broadband mid-infrared pulses

Keiichi YOKOYAMA, Akihiro SUGITA, Hidetaka YAMADA, Makoto AOYAMA,
Yutaka AKAHANE, Norihiro INOUE, Hideki UEDA, Koichi YAMAKAWA
1. Introduction

The-vibrational frequency of most chemical bonds falls mto the mid-infrared (MIR) region of hght In
this respect, pulse shaping of MIR pulses will play a key role for the development of molecular
manipulation by light”. In the MIR region, however, such a light source is not available at this point.

We examine the difference-frequency mixing (DFM) of ultrashort laser pulses in the near infrared (NIR)
region as a light source of MIR pulses: Since the pulse shaping in the NIR region has been most iritensively
studied in all spectral region studied so far, generated MIR pulses should be modulated to some extent
through the pulse shaping of incident NIR pulses In fact, two groups have already demonstrated the pulse
shaping in the MIR region using this approach®”. They showed the production of MIR pulses in the
spectral range of 3 to 10 um and around 3-um using two-stage OPA scheme with AgGa$S, as nonlinear
- crystals. We are using the same AgGaS, crystal but one-stage DFM of two-color Ti:sapphire laser to
generate the MIR pulses in the region of slightly different wavelength of 7 --12 pum, i.e., the finger print
region of molecular vibrational spectra. Strickland and coworkers and Yamakawa and Barty have also
reported generation of MIR pulses with similar methods.* _

In our preliminary study, MIR pulses were observed in a collinear phase-matching of both 760- and

830-nm pulses having a bandwidth of ~15 nm for each. The tunable spectral range was measured to be 7 to
11 um by adjusting the crystal angle. However, the bandwidth (43 cm’’) was not satisfactorily large for the
coherent quantum control. The bandwidth was thought to be limited by the phase-matching angle, so that
the spectral component of the input pulse was not fully -used. Therefore, we make an attempt to another
DFM experiment with a noncollinear configuration of two incident pulses to extend the bandwrdth of the
MIR pulses. A preliminary result is reported here. '
2. Calculation :

Noncollinear phase- matchmg in DFM has advantages OVer colhnear one in terms of the generation of.
ultrafast pulses, mainly because the group velocity mismatch in the nonlinear crystal can be relaxed in
many cases. For example, an optical parametric amplification with noncollinear phase-matching was shown
to generate ultra-broadband pulses in the visible region from 550 to 690 nm. Figure 1 shows calculated
phase-matching curves for type. I and type II in AgGaS, pumped at 760 nm with different noncollinear
angles ¢ The internal angular bandwidth is calculated to be 0.9° for the DFM in. 1mm-thick AgGaS,
crystal, as shown by the dashed lines in Fig.. 1 (a) for Type 1. The widest spectral range of the signal pulse

0.85
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g g
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o an
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an 1. Theoretical phase matching curve of & in the DFM pumped at 760 nm with various .
" noncollinear angles a in AgGas$,; (a) type I and (b) type II
The internal angular bandwidth is shown by the two dashed lines around 6 = 59.7° in (a),
indicating that a wide spectral range of the signal pulse (815-835 nm) would be phase-matched
when a=1.6°. '

would be simultaneously phase-matched with a combination of #= 59.7° and ¢ = 1.6° in type I AgGaS,,
indicating the generation of the broadest MIR pulses with these parameters. On the other hand, the
phase-matching curves calculated for Type II (Fig. 1b) show that the phase-matching is possrble in
relatively narrow spectral region of the signal pulse compared to that of Type 1.
3. Experiment and Results -

The layout of optics configuration used in the noncollinear DFM experiments is illustrated in Fig. 2. The
pump and signal pulses centered at 760 and 830 nm were generated by the spectral shaping in a broadband
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Ti:sapphire  amplification system. The . .
- bandwidth of each pulse was ~15. nm. For — iris or
typical experiments, the pulse duration was . e as
around 200 fs and the pulse energy was 1 ml] & . S

at the exit of the pulse compressor.. The % i ' " p&_’ -
* apparatus consisted of a beam splitter for the % ”"—;G?s

separation of the incidént two-color pulse into  pump pulses o
the signal and pump pulses, a delay line in the PN
signal pulse line, a grating in the pump pulse - S or

line, an AgGaS, crystal (type I or type II) at - : '

the crossing point of-the two pulses, and MIR Fig. 2. A schematic diagram for broadband MIR
detection system after the crystal. Considering ~ Pulse generation by noncollinear DFM

the refraction in the AgGaS, crystal, the .

external noncollinear angle g,,, is calculated to be 4.2° to let the internal noncollinear angle o = 1.6°. For
efficient temporal overlap of both pulses in a limited thickness of the crystal the waterfront of the pump .

pulse was tilted prior to the incidence with a grating of 75 I/mm.

MIR pulses were generated by mixing the pump and signal pulses in a 1-mm thick AgGa82 (type lLor II,

6 = 45°). The spectrum of the dispersed MIR pulses was measured with an" HgCdZnTe

detector-preamplifier system through a monochromator at several output angles of MIR pulses. Typical
" spectra are shown in Fig. 3(a) for type I crystal and Fig. 3(b) for type II. It is apparent that the spectrum is

qulte broad for the type I crystal and ranging from 9 to 12 um. The spectral bandwidth is determined as 230

cm’ in FWHM whlch is five times larger than .the value obtained by- the previous collinear DFM
“experiment (~43 cm’'). The relative value of the bandwidth to the central wavenumber is 23 % and thought

to be widest so. far in.the MIR region, to our knowledge. Also, we found that the spectral range can be

tuned from 7.5 pm to 12 um by adjusting the phase-matching angle. This wide bandwidth and tunable

range of wavelength should be useful for the coherent quantum control. On the other hand, the spectrum for

the type II crystal shows very small increase in the bandwidth (55 cm™') from the collinear one. Both results

on the bandwidth are in fully consistent with the theoretical prediction. At this point, the pulse energy and
~ duration have not been measured yet. To use these MIR pulses for the coherent quantum control, we plan to

signal pulses | U s
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Fig. 3. Dispersed spectra of the MIR pulse is obtained at a fixed angle of a crystal AgGaSz for (a)
Type I and (b) Type II with various angles of a monochromator and detector system. The resolution
of monochromator was 12 cm™ in all measurements. The bandwidth of single spectrum obtained at
each detection angle is determined by the bandwidth of both pump and signal pulses.

compensate the spatial and temporal dispersion with cylindrical mirrors and gratings.

In conclusion, the use of a type I crystal of AgGaS, and the noncollinear phase-matching in the
difference frequency mixing of NIR pulses was shown to be a useful method to generate broadband MIR
pulses, which is desired for the coherent quantum control.
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4.1.5 Femtosecond laser ablation for SCC mitigation on nuclear grade SUS

" Akihiko NISHIMURA, Yukihiro SHIMADA, Hiroshi MURAKAMI, Eisuke MINEHARA,
Alexander PIROZHKOY, Takahisa SHOUBU, Junichi. NAKANO 2 , Takashi TSUKADA a)
Atsuo KAWASUSO®
a) Department of Nuclear Energy System, b) Advanced Science Research Center

Stress corrosion crackmg (SCC) has been studied in nuclear safety research. The 'SCC has recently
become a very serious problem for electric power companies in Japan. Since the first SCC at the
. Fukushima boiling water reactors (BWRs), a lot of SCC incidents were reported in welded core shrouds
and recirculation pipes of coolant water. By May 2003, Tokyo Electric. Power Company (TEPCO) had shut
down all of its 17 reactors for inspections. Fortunately, TEPCO succeeded in making its 14 reactors back on

“line by the summer of 2004. However, no SCC mitigation has been applied to its reactors. JAERI and its
collaborators immediately clarified that work hardening layers on nuclear grade SUS had caused these SCC
incidents. The investigations for the BWR core shrouds clarified that transgranular SCCs were developed
from the initjation of intergranular SCCs and were caused by work hardeni'ng layers from the surface to the
depth of a few hundreds pm". Development of the new SCC mitigation was started in 2003. This study is
one of the new branches of applications of femtosecond lasers in' APRC, which belongs to “material control’
research” where precise machining, isotope separation, ultrafast spectroscopy and X-ray microscopy are
now categorized. The purpose of this study is to demonstrate the SCC mitigation on the nuclear grade SUS
by chirped pulse amplification (CPA) and to realize laser processing by the JAERI-FEL.

To simulate the processing of the shroud surface of BWRs, a milling machine was used to reproduce the

- work hardening layers on the 250 x 50 mm face of a SUS316L plate. The typical processing condition of
3000 mm/min cutting speed, 0.5 mm depth and 0.25 mm pitch with a SKH+4 bite successfully induced the
work hardening layers with slip lines around 100um depth on the plate. The plate was cut into pieces with
the size of 10 mm cubic for laser ablation experiments. Ti: Sapphire CPA lasers produced femtosecond laser’
pulses and a plane-concave lens focused them on the

~ surface of the cubic fixed on a translation stage. A
frequency resolved optical gating (FROG) system was

-prepared to analyze the femtosecond laser pulses. To

.reduce the heating effects by oxidization, argon gas was
supplied to the stage. Figure 1 shows an example of the - |
edge view of the femtosecond laser ablated sample of
target. Measurement of Vickers hardness distribution of
the cubic target made it clear that the femtosecond laser
pulses successfully ablated a 2 x-2 mm-area’ with 300um
depth  without  thermally induced _hardening?. Fig. 1 An edge view of fs laser ablation

Furthermore xray diffraction measurement clarified that - y ,
the residual tensile stress of the ablated surface was changed to the compressive stress with i mcreasmg laser
shot number. - -

To promote the new SCC rmtrgatron the above mentioned femtosecond laser ablation should be coupled
with the following advanced measurements for material properties. The BL22XU in SPring-8 has been
prepared to measure the distribution of the residual stress ranging from the surface down to 1mm depth by
the high energy X-ray- diffraction. High energy positrons can penetrate the SUS to 100um depth and are
trapped at micro vacancies made by milling machining. The measurement of the lifetime of positrons can
.give us the information about the existence of dislocations in SUS materials with the induced tensile stress.

ey
£73
T

ey
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4.2 X-ray Laser Development

.~ Keisuke NAGASHIMA, Maki KISHIMOTO, Tetsuya KAWACHL Noboru HASEGAWA, Momoko
TANAKA, Yoshihiro OCHI, Youji SUZUK]I, Kouta SUKEGAWA, Masaharu NISHIKINO, Renzhong TAI

Outline of x-ray laser research

The x-ray laser research at Advanced Photon Reseamh Center has started on April 1998. The main purpose is to
develop compact and repetitive x-ray lasers with full spatial coherence and saturated intensity. The results in the first
period, from 1998 to 2001, are 1) developmént of the compact CPA laser system for transient collisional excitation
(TCE) x-ray laser experiments, 2) demonstration of Jlasing in thé wavelength range of 8.8-46.9 nm by using various
- solid and gas targets, and 3) saturated amplification at 12.0 nm and 13.9 nm. The objectives in the second period, from
2002 to 2006, are 1) full spatial coherence with coherent length larger than beam size and 2) higher repetition rate up to
~0.1 Hz for pmctlcal applications.

" XRL amplifier ' v

XRL seeding Traveling wave
Long pulse laser ’ ' ‘
: Short pulse laser

Fig.1 Experimental configuration of the double target experiment

In 2002, we succeeded in developing a laser-pumped x-ray laser with full spatial coherence at 13.9 nm. A very
_ narrow x-ray laser beam with the divergence of 0.2 mrad was generated from the double target experiment (Fig.1),
where a seeding light from the first laser medium was amplified in the second medium. The observed divergence was
close to the diffraction limited value within a factor of two. The seeding light was amplified in the second medium
* without refraction influence and the gain coefficient was 7.9 cm’. The gain region of the second medium was far away .
" from the target-surface compared with that of the first medium and located in- the considerably low denéity region.
From the measurement of visibility, it was found that the spatial coherent length was longer than the beam diameter.

In 2003, we have improved the output energy of the full coherent x-ray laser in the double target experiment
(42.1). The most important point of the double target experiment is spatial and temporal behaviors of the second
medium (amplifier). So, we measured near-field images of the x-ray lasers, from which it was found the gain region
moved with the delay time (4.2.2). Temporal durations of the x-ray lasers were examined also (4.2.3). We tried to
" . generate an x-ray laser with full temporal coherence using high-order harmonic light as a seeding light (4.2.4). In order
to improve the experimental system, we are developing new devices, which are an OPCPA front-end laser system
(4.2.5) and a full-auto target alignment system (4.2.6).
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4.2.1 Improvement of output energy ofa fully coherent x-ray laser

Masaharu NISHIKINO, Momoko TANAKA Noboru HASEGAWA YOShlher OCHI,
Mak1 KISHIMOTO, and Keisuke NAGASHIMA .

1. Introductlon

Recently, a fully coherent x-ray laser (XRL) at 13.9 nm was generated by the double-target conﬁguratlon
The observed XRL beam had the fully spatial coherence and the nearly diffraction limited divergence of 0.2
mrad. In that experiment, the output energy of 25 nJ was lower than the saturation intensity by two-orders”. An
increase in the output energy is expected by increasing the injection energy and the length of the gain medium. In
order to improve the output energy, the amplification properties of the XRL beam have been investigated with
longer plasma length of the second amplifier target.

:2)

2. Experiment and Results
The double-target conﬁguratlon in this experiment is similar to the former expenment "2 Two slab
silver targets were irradiated with two pumping laser beams from a pumping laser system operating at
1.053 p.m.“) The first target was irradiated by the laser pulse, which consists of a 110-ps prepulse and a 4-ps
main pulse with the qﬁasitraveling-wavc pumping.” The irradiation intensity of the prepulse and the main
pulse on the first target were 9x10'* and 1x10"* W/cm?, respectively. The second target was irradiated by
the laser pulse, which consists of a 110-ps prepulse and a 15-ps main pulse without the quasitraveling-wave
‘pumping. The irradiation intensity of the prepulse and the main pulse on the second target were 1x10" and
3x10" W/em?, respectively. The focusing line width was about 20-pm and the length was about 6.5-mm on
the first target, and 11-mm on the second target. Figure 1(a) shows the far-field pattern (FFP) of the XRL
- beam after amplification with the second medium length of 11 mm. In Figure 1(a), the beam divergences
(FWHM) along the vertical and horizontal directions are 0.5 and 0.3 mrad, respectively. The FFP of the
amplified XRL is affected by the refraction in the longer amplifier medium. However, we found the spatial
coherence length is longer than the XRL beam diameter from Young’s double slit interferometry. Therefore,
the XRL beam affected by the refraction satisfies the condition for fully spatial coherence®. The output
energy of the XRL beam after amplification is plotted with the second medium length in Fig. 1(b). The
output energy increases exponentially with the gain medium length until about 9 mm. The output energy
_shows the saturation behavior for gain medium length longer than 9 mm, because the gain duration is
shorter than the duration of the x-ray propagation in the amplifier medium over 9-mm region. In Fig. 1(b),
the gain coefficient is estimated to be 7.6 cm™ in the exponentially increasing region. This gain coefficient
results in a gain length product gL = 6.8 and total gain of G = exp(gL) ~ 900. Although the saturated
amplification was not achieved yet, the maximum output energy of the XRL beam was about 170 nJ at the
gain medium length of 11 mm. '
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Fig. 1.(a) FFP of the XRL beam after amplification. (b) Output energy of the XRL beam after ampliﬁcation
plotted with the second medium length. The solid line shows a fit with an exponentlal fitting.

References
1) M. Tanaka et al., Opt. Lett. 28, 1680-1682, 2003.
2) M. Nishikino et al., Phys. Rev. A 68, 061802(R), 2003.
" 3) T. Kawachi ez al., Phys.Rev. A 66, 033815, 2002.
4) T. Kawachi ez al., Appl. Opt 42, 2198, 2003.
5) L. Mandel and E. Wolf, Optical coherence and quantum optics (Cambridge University Press, NY, 1995)



JAERI-Review 2004-030

4.2.2 Near field imaging of x-ray lasers génerated by the double target amplification

Momoko TANAKA, Masaharu NISHIKINO, Noboru HASEGAWA; Masahiko ISHINO, Maki
KISHIMOTO, Kouta SUKEGAWA, Tetsuya KAWACHI, Masataka KADO, and Keisuke NAGASHIMA

1

1. Introductlon
Recently, we demonstrated generation of the spatlally full coherent x-ray laser by the ‘double target

amplification " P On this experiment, a part of the x-raylaser generated in the first medium was used as a
seed light, and it was injected into the second medium, which was used as an amplifier. Delaying the
injection time of the seed light for 15 ps, the influence of the refraction due to the density gradient of the
second medium plasma is decreased. This suggests the gain region is moved to the low density area,

where the density gradient of the plasma is calm.
have observed the near field pattern of the x-ray laser. -

2. Experiments and results
Two gain medium plasmas are generated by a picosecond glass laser

system with two beam-lines. Each beam consists of two pulses; a
pre-pulse with a pulse duration of 100 ps and a picosecond heating pulse
with a temporal delay of 800 ps from the pre-pulse. The pulse duration
of the heatmg pulse for the first target is 4 ps with the quasi-traveling
wave arrangement and that for the second target is 14 ps without the

traveling wave. The energy ratio of the pre-pulse and the heating pulse

is 1:4. The laser pulses are focused with 20 pm width line shape on’

flat silver targets with an irradiance of the heatmg pulse of ~10" W/cm
The length of the line focus for the first target is 6.5 mm and that for the

second targetis 4.3 mm. The distance between the two targets is 20 cm.

The injection time of the x-ray from the first medium to the secon(_i
mediumis varied by an optical delay of the pump laser.
The near field imaging system with magnification of 8.5 is

constructed with a concave mirror, and a soft x-ray CCD. - The x-ray -

laser light is focused at the CCD using a concave mirror with curvature
of 2 m (tadius) and the diameter of 25 mm. The mirrors are coated
with molybdenum/silicon multilayer for 13.9 nm x-ray. The x-ray laser
beam is filtered with a zirconium foil of 1 ym to eliminate the visible
emission of the gain medium plasma.

Figure 1 shows the near field image at the end of the second plasma..

The surface of the second target is right hand side of the figure. The
size of the gain region is 50um, and it includes the 'several intense spots
.with the size of 10~30 pm. Figure 2 shows the distance of the intense
spots from the second target surface. The gain region is 30~50 um
distant from the target, and it moves away from the target surface with
delaying the injection time of the seed light.

refraction effect was disappeared at the delay time of 157ps D These

On the previous study, the.

"In order to measure the position of the gain region, we

+«—80um————»

Fig. 1 Near field image of
the -double target x-ray
laser at the end of the
second target. The surface
of the second target is nght’

- end of the image.
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Fig. 2 Distance of the
intense spots in the near
field pattern from the
target surface. '

results suggest that the den51ty gradient of the plasma is drastically changed in the distance of 10~20 pm.
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'4.2.3 Temporal characteristics of the TCE X-ray lasers

Yoshihiro OCHI, Tetsuya KAWACHI, Akira SASAKI, Keisuke NAGASHIMA
1. Introductlon '

At the Advanced Photon Research Center (APRC) we have demonstrated the transient collisional
excitation (TCE) [1] X-ray laser (XRL) amplification for Ni-like Ag (13.9 nm), Sn (12.0 nm), and La (8.8
nm). Recently spatially fully coherent XRL beam has been demonstrated by means of the double target
scheme [2]. Here we report temporal characterization of the TCE-XRLs. The XRL pulse duration were
measured with three target materials, silver (Ag: Z = 49), palladium (Pd: Z = 48), and molybdenum (Mo: Z

‘= 42). Atomic number dependence of XRL pulse duration was observed We considered atomic processes
determining the XRL duratlon

, 2. Experiments and results . :
The experiments were made at the APRC with a compact CPA Nd:glass laser system [3]. The central
- wavelength was 1053 nm and the spectral bandwidth after the amplifier chain was 3.5 nm. In the present
experiment, 400-ps prepulse and 4.8-ps main pulse with separation of 500 ps were focused in 4-mm length
and 20-um width. A quasi-traveling wave pumping with velocity of 1.03c, ¢ represents the light speed, was
employed using 6-step mirror [4]. Pulse duration of Ni-like Ag-, Pd- and Mo- XRLs were measured using
an x-ray streak camera coupled with a flat field spectrometer. The instrumental width was determined by
the time resolution of the streak camera and the temporal smearing in the flat field spectrometer, which
resulting 3.1 ps for Ag-XRL, 3.2 ps for Pd-XRL, and 3.9 ps for Mo-XRL. XRL pulse duration obtained by
. deconvoluting the instrumental width from measured value was 7.0 ps for Ag-XRL, 5.6 ps for Pd-XRL, and
<3.3 ps for Mo-XRL. These results show that the XRL pulse duration increases with increasing atomic
number. The output temporal XRL profile /() was determined by the temporal gain profile g() by a
relationship as J(t) = exp(g(t) 1), where | was the gain length. By assuming the Gaussian shape for the
temporal gain profile, the gain duration was calculated to be 23.1 ps, 18.5 ps, and <10.9 ps for Ag-, Pd-,
and Mo-XRLs respectively.

In the TCE scheme, at first, target materials are lomzcd to the Ni-like stage by means of the prepulse.
Then this Ni-like ion dominated plasma is heated by means of the main pulse to generate the gain. A fact
that the obtained gain duration is longer than plasma- heating time, i.e. the main pulse duration 4.8 ps,
shows that the gain duration is not determined by the pumping pulse duration. We consider two atomic
processes to decrease the population inversion; one is the collisional /-mixing in excited levels and the
other is collisional ionization from the Ni- hke ground state. At the typical plasma parameters of the gain
region, 7z = 400 eV and Ne = 5x10% cm?, the collisional /-mixing time is < ps because the energy gap

between the excited levels are small. Therefore the excited levels are quasi-steady state in the gain plasma.
.On the other hand, the collisional ionization time 1s > ps. Figure 1 shows the collisional ionization time
" from the Ni-like ground state for Ne = 5x10?° cin”. The collisional ionization rate is calculated using
Landshoff ~Perez’s formula [5]. At 400 eV, calculated

) : collisional ionization times show good agreements with
2 30 \ \\ obtained gain durations. It suggests that the collisional
g N\ : ionization plays an important role to determine thé¢ XRL
=] \ pulse duration.
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4.2.4 Transform limited x-ray laser generation with the high order harmonic light

Noboru HASEGAWA, Tetsuya KAWACHI, Maki KISHIMOTO, Kouta SUKEGAWA, Momoko TANAKA,

Masataka KADO, RENZHONG Tai, Yoshihiro OCHI, Masaharu NISHIKINO, and Keisuke NAGASHIMA
1. Introduction '

Recently, we have 1mproved the spatial coherence of the x-ray laser at a wavelength of 13 9 nm by

"using the double target expenment 2 The next step is to improve the temporal coherence, which'is only
6% at the present ) in other words, to generate the Fourier transform limited x-ray laser. To improve the
temporal coherence, we proposed a method in which high order harmonic light was used as a seed x-ray
and was injected into a laser-produced x-ray amplifier.

2. Improvement of the temporal coherence
' The x-ray amplifier amplifies a part of the harmonic light in frequency. The x-ray amplifier has
quite narrow spectral width compared with the harmonic light, so the x-ray amplifier works as an active
mode selector, it selects and amplifies only temporally coherent mode of the harmonic light. The
electromagnetic waveform function of the amplified x-ray was described as a product of the waveform
function of the harmonic light and the x-ray amplifier, where we assumed a Gaussian spectral profile (eq.1).
Yy and b represented by the frequency bandwidth of the harmonic light and the x-ray amplifier (y=
0. 035/AVHHG , b=0. O.aS/Avamp ), respectively, and P was the chirp of the harmonic light. The term of
exp(- b(o) in eq.1 showed that the frequency bandwidths of the harmonic light was selected by the x-ray -
amplifier. By taking Fourier transformation of eq.l, we obtained the uncertainty relation btween the
" frequency bandwidth (Avxgry) and the duration (Atxre) of the amplified x-ray as shown in eq.2, where a

factor of 0.441 was originated from the gaussian profile. :

Exe (®) = Eg exp(-yo'+iBo’)exp(-bw’) (eq.1)
Avxre ATy, = 0.441[1+{B/(y+b)}11"" (eq:2)

In eq.2 with increasing b compared with B (i.e. Avamp << AVung), the temporal coherence of the
amplified x-ray is increased.

3. Experiment of the x-ray laser with the seed x-ray
In this experiment, Ti:Sapphire laser generated high-order harmomcs and the 29th. harmonic light
‘was injected into the neon-like manganese x-ray laser medium (A=26.9nm). . The beam divergence of the
x-ray laser with the seed x-ray was measured to be 2.0 mrad, which was nearly equal to that of the seed x-
‘ray (1.8 mrad) and apparently nairower than that without the seed x-ray (3.8mrad). This result implies the .
“seed x-ray amplification was obtained. The energy and gain length product (gl) of the x-ray laser with the
seed x-ray were measured to be 3 nJ'and 6.5, respectively. -
We estimated the temporal coherence of the x- ray laser. The line width of the 29th harmomc light
(AAypg) was measured to be 0.12 nm (i.e. Y= 1.35x10 ) the duration (Atyug) and B were estimated to be
30 fs”) and 4.5x107%, respectively, and b was estimated from the intrinsic line width of the x-ray amplifier
(AAamp = 0.0056 nm, b = 6.2x10%").  Thus, the temporal coherence , [1+{B/(y+b)}*]"%, was 1.00003.
This leads to the amplified x-ray was nearly equal to the transform Iimited pulse.
It is noticed that in the present case, an effect of the additional chirp in the x-ray amplifier was
negligibly small. Thus, the x-ray laser was expected to be highly temporal coherent.
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4.2.5 Properties of optical parametric chirped pulse émpliﬁcation (OPCPA)

for X-ray laser driver

Maki KISHIMOTO and Kouta SUKEGAWA

1. Introductlon

We have been developing a compact x-ray laser system and its application facﬂlty for studying
nano-structure material and biological researches since 1998, and it has been demonstrated that high gain
coefficients in soft x-ray amplification can be achieved using the compact CPA (chirped pulse
amplification) tabletop sized Nd:glass laser system with about 10J energy and several picoseconds pump
laser pulse duration as a x-ray laser driver in TCE scheme. To widen the field of applications of the x-ray
laser, higher repetition rate of the x-ray laser is needed. For that, the effective generation of x-ray laser by
optimizing pumping conditions is very important. Optical parametric chirped pulse amplification (OPCPA)
is an ideal laser source and we can control the pumping conditions such as contrast ratio of pre-pulse and

main pulse. Then we have started the development of an OPCPA system for x-ray laser driver.

2. Experimental setup for OPCPA
. Fig.1 shows the schematic diagram of
an. OPCPA system pumped by the

second harmonic of a Nd:YAG laser.

~The nonlinear crystal for OPCPA is a 5
X 5 X 15 mm® BBO crystal (Type I,
ooe). A 1053 nm chirped pulse from the
regenerative amplifier at the front-end
system of the CPA glass laser system is
used as a seed light. A 532 nm pump
laser beam with a pulse duration of 7 ns
1s introduced coaxially with a seed light
pulse into the BBO crystal. The
regenerative amplifier and the Nd:YAG

laser are synchronized with a precision .

master clock generator” and the timing
jitter between the seed pulse and the
pump laser pulse at the BBO crystal is
about £200 ps.

3. Amplification property of OPCPA
Fig2 shows the amplification
property' of OPCPA. The seed light
energy before optical

pJ. As shown in the figure, a seed light
is amplified exponentially and achieves
saturated amplification at a Pumping
" inténsity of about 200 MW/cm®. A gain
of 2500 is obtained at a pumping
intensity of 200 MW/cm?,
maximum gain is 8000, which is
obtained at a 540 MW/cm2 pumping
. intensity.
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4.2.6 Development of the target alignment system for double target x-ray laser
Kouta SUKEGAWA and Maki KISHIMOTO

1. Introduction ' o . ' :

In X-ray laser research group at JAER], the high brightness and highly coherence X-ray laser using
double targets have been developed for the applications of the X-ray laser such as X-ray interference -
measurement and material science. We have succeeded in the generation of a full coherent X-ray laser -
beam in 2002'?. In the double target x-ray laser experiment, a seed pulse from the first target must be
introduced into the second target plasma with sufficient accuracy. Therefore the double target X-ray laser
requires higher accuracy for target alignment. We have started the development of a new type of high
precision auto target alignment system using laser diode (LD) and position sensitive detector (PSD) and a
high stability target chamber from 2003. In the present article, we report the development of the new-target
vacuum chamber and the performance evaluation of target position stability. :

2. High stability target chamber and monitoring of the target position L
- Fig. 1 shows the schematic diagram of the target chamber. The target chamber consists of a cylindrical
vacuum chamber and a breadboard in it, which are mechanically independent of each other. Moreover, the -

breadboard is supported by a vibration isolation Cylindrical vacuum chamber -

optical table independent of the vacuum chamber.
A target is placed on the breadboard and is : \$
irradiated with'a LD set on the optical table from breadboard

the outside of the vacuum chamber. By measuring
the beam pointing of the LD light reflected by the
target with the PSD, we monitor the exact target
position. ‘ )
In order to evaluate the position stability of the
optical table, namely the target in the vacuum
chamber before and after evacuation, we
measured the LD beam pointing with the PSDs = =
placed on the optical table independent of the

" Turbo molecular pump

target chamber. The changes in position of the 'V
optical table measured are shown in Fig. 2. The

horizontal axis in Fig. 2 is the elapsed time since Turbo

the start of evacuation and the vertical axis is the

-changes in position in pm. As shown in the figure, ki il

the change in position of the optical table
measured by the LDs and the PSDs.before

and after evacuation was less than +10um.

We confirmed that the target chamber
manufactured was  stable enough for the’
double target x-ray laser experiment. 20

Fig’.l structure of the targét chamber

—@— Holizontal direction ! !
-M— Vertical direction : :

—_
(%]

3. Conclusion . E
The new target chamber for the double g
target. x-ray laser experiment was designed ' o]
and manufactured, and then we evaluated the g
c

)

]

S

—_
o

(4]

performance of it. As a result, the change in

position of the target by vacuum pumping Ok L i,._.,;_. ,,,,,,,,,,,, S —

was evaluated to be less than £10pum. : o\ : N ,/ \ i
- =B b S ;...'..:.‘ ........ sl

References . ; \‘ / \\ / \‘;
1) M.Tanaka, et al, Opt. Lett. 28, 1680, B o Sl A ol

2003 , C L

- .y ) -15 1 1
2) M.Nishikino, et al., Phys. Rev. A 68, . 0 2 40 60 80

S 06-81802R’ 2003 . Elapsed time [min]
' . E *  Fig.2 Target position stability



JAERI-Review 2004-030

4.3 Free-Electron Laser Development

Eisuke J. MINEHARA .

The 25" International Free-Electron Laser (FEL) Conference and 10" Free-Electron Laser Users
Workshop was held on September 8- 12" at Epochal TSUKUBA, Tsukuba, Ibaraki, JAPAN. The
Conference and the Workshop, which is -abbreviated as FEL2003, was orgamzed by FEL laboratory at
Tokai, Advanced Photon Research Center, Kansai Research Establishment, Japan Atomic Energy Research -
Institute JAERL A total of 221 pamc1pants (22 inside JAERI, 66 inside Japan, 133 from overseas) from
18 different countries attended the. conference, presented 51 talks and 204 posters, and submitted 131
papers, which will be published in the conference proceedings as the Nuclear Instruments and Method

- special issue” by Elsevier Science Publishing Company, The Netherlands. The JAERI FEL group has
successfully and firstly confirmed the frequency self chirping phenomenon in the free-electron laser
systems. The JAERI FEL group was very proud to issue the press release of the FEL self chxrpmg
confirmation and the FEL 2003 to the mass media.

The JAERI FEL group has started to develop the femtosecond- and 20kW high power
superconducting rf linac-based FEL for nuclear industry, heavy industries and so on. In the first fiscal
year of the high power FEL developmental program, the low level rf signal phase and amplitude control
circuits, high current 250kV high voltage power supply, computer control system, Inductive Output Tube rf |

“amplifiers were built to increase the electron beam power, and FEL laser power over longer pulse duration
than 1s or 10s.

The JAERI FEL group has firstly reported that the femtosecond lasers’ like low average power
Ti:Sapphire lasers, the JAERI high average power- free-electron laser and others could peel off and remove
two stress corrosion cracking (SCC) origins of the cold-worked and the cracking susceptible material, and
‘residual tensile stress in hardened and stretched surface of low-carbon stainless steel cubic samples for
nuclear reactor internals as a proof: of principle experiment except for the third origin of corrosive
environment. * Because a JIS (Japan Industrial Standards) - specified 143 °C and 43% MgCl, hot solution
SCC test was performed for the samples to simulate the cold-worked SCC phenomena of the internals to
show no crack at the laser-peered off strip on the cold-worked side and hundred-thousands of cracks at the
non-peeled off on the same side, it has been successfully demonstrated that the femtosecond lasers could
clearly remove the two SCC origins and could resultantly prevent the cold-worked SCC. o

We could succeed to run-the JAERI originally-developed stand-alone and zero-boil-off cryostat
system continuously with a few short stops and troubleés for these 3 years from 2001 up to 2003 Japanese -
fiscal year and without warming up, and any liquid He evaporatiolvn because the original tools and technique
were successfully adopted to exchange quickly 4K and 10K/S0K He refrigerators for 15 minutes each
without any damage and any bad effects to the heat exchange and absorber-agents in a He gas atmosphere.
After we have repeated to exchange the refrigerators a few tens of times, a continuous Jow-temperature
operational interval was estimated to be very long, longer than 10 or 20 years or more. No warm-up

' operation of the superconducting rf linacs over 20 years looks very promising to realize maintenance-free

- and easy-operation in the linacs. o .

Our reports and discussions on the FELs in the subsections will also cover some conceptual design
works of the energy-recovery linac based light source and applications of the FEL and nuclear isomer
studies.
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4.3.1 Study of HOM Instability of the JAERI ERL-FEL

Masaru SAWAMURA, Ryoichi HAJIMA, Ryoji NAGALI Nobuhiro KIKUZAWA,
Nobuyuki NISHIMORI, Eisuke MINEHARA

1. Introduction ,
Energy recovery is the process.by whlch the energy invested in acceleratmg a beam is returned to the if
cavities by decelerating the beam. Energy recovery of an FEL beam driven by a superconducting linac is
a possible way of greatly increasing the efficiency of the laser. since most of the beam energy remains after
lasing occurs. This energy-recovery technology with a superconducting linac is the most promising for
the next stage of 10kW FEL - lasmg owing to mcreasmg the beam current without additional rf power
sources. :
In a recnrculatmg linac, a feedback system is formed between the beam and the if cavities, so that
instabilities can arise at high currents. These instabilities become important and can potentially limit the
average beam current especially for the high-Q superconducting cavities.

2. HOM Power Spectrums

Each module has five rf couplers such as a main power
coupler, a pick-up coupler and three HOM couplers.  Two HOM
couplers are designed to damp transverse modes and the other to IR T :
damp longitudinal modes. All HOM couplers are terminated to AN IR 1 ¢ S i
the dummy loads out of the cryostats. This makes it possible to o \TMmeder [
measure the excited HOM powers inside the cav1ty through ‘the o S
HOM couplers. © T FE mode 841

Figure 1 shows the waveforms of the rf power extracted from e tagm R T R 25T

i
100my & -

the HOM couplsers with and without energy recovery. Though the

amplitudes increasing due to the beam with energy recovery seems

~ to be. greater than those without energy recovery, the main part of

the amplitudes was due to the wake field caused by the electron g

beam passing near the HOM couplers. VA7 |
The dummy load was exchanged for a real-time spectrum S

analyzer to measure frequencies and powers of the HOMs. Figure U A

2 shows the amplitude of the HOMs. There seems to be four | A

groups of the HOMs or more. The group near 630MHz is R S

considered to be TE111 mode and that near 700MHz to be TM110 T TEmedem} v

~mode. The groups over 850MHz have not been identified yet. - R AL
The mode of the highest power of TE111 is considered to be . .

3n/5 mode of 634MHz and that of TM110 to be 47/5 mode of  Fig. 1 Output from the HOM

715MHz.  The calculated threshold current is 34.36A for couplers without ER
TE111-31/5 mode and 16.79A for TM110-4n/5 mode. While (upper) and with ER
these modes of small threshold current show high HOM powers, ~ (lower) :
the modes of the smaller threshold cuirent for such as - o
TM110-3n/S and TM110-2n/5 modes show fairly low TElll mode TM110mode
.HOM powers. Measured, HOM coupling factors do not 2 2 TR
vary so much with the difference of the modes. The . | e Temkn|
small spectrums for the low threshold current might be L T
caused by the short macropulse or the low beam current. - CRal * K .
The further analysis is required to understand the HOM ol i . i
instabilities.. ’ E . ¥
3. Conclusion " wl gl y o ¢

- The HOM spectrums were measured from three " ! :
HOM couplers. The mode of the smallest threshold = &0 &0 0 0 -
current by calculation is not detected from the HOM
couplers. The more precise measurement is required to Fig. 2 HOM power spectrums

well-understand the HOM instabilities.
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4.3.2 Replacement of the JAERI ERL-FEL control system

Nob_uhiro KIKUZAWA

1. Introduction
A home-made personal computer (PC) based .

distributed control systém for the JAERI FEL has '

beéen developed and operated since 1992. : Database server Web server
Maintenance of the control system was difficult '
because these PC’s specification was obsolete
. during a use more than 10 years and applications,
which didn't work on an old operating system CORBA

increased. Therefore the upgrade of the control ,
_

system was carried out in 2003".
Local

CAMACcrate

2. Configuration of the new control system

In order to minimize costs and works of the
replacement, it decided that'a new control systern
was designed so that the device interface layer
- under CAMAC might not be changed. Therefore,
~a new local controller that performs an interface
with CAMAC needed to be developed”. The
local controller employed an embedded pITRON
" operating system machine (Nichizo Densi-seigyo
Co. ND-MCU) with 100Base-T network controller
instead of PCs, because there were problems in the
- reliability or the network security for long
continuous operation when the many PCs were
used. The PITRON operating system was
designed for an embedded system in all industrial
fields as a real time operating system. It was pcpmp [
achieved that the controller would make the _
computers become inde‘penden.t of the function Fig.1 Hardware conﬁguratien of the JAERI
depending on hardware like an interface board for e ERL-FEL control svstem
the CAMAC crate. ' As a result of this ’ ’
replacement, the renewal of computers which will be performed in the future became easy.

As shown in Fig. 1, the control system is divided into three layers, a presentation layer, a device server '
layer and a device interface layer. The device interface layer consists of the four local controllers

device interface layer !

-connected with CAMAC crates. The controller can be used as an intelligent controller and restore device

settings to their former value at boot of the controller without any PCs. In order to hold the setting
parameters during power off, the setting values are kept in battery backup RAM in the controller.

The device server layer manages the hardware and communicates with themvia the local controllers.
It is implemented as CORBA server to mediate of CORBA (Common Object Request Broker Architecture)
~. protocol and TCP/IP protocol. The presentation layer is GUI (Graphical User Interface) applications to
control the devices or to display current status. It was more effective to develop applications newly by
Java language rather than studying and rewriting the very old existing Pascal code.

- 3. Results .

The upgrade process is on its way and will continue for the next years. ‘Since the CAMAC controller
was developed, it succeeded in making the computer become independent of the function depending on-
hardware like an interface board. The control programs were newly developed for the control system by
‘ the Java language and CORBA.

- References
1) N. Kikuzawa, Proc. of the 28th Linear Accelerator Meetmg in Japan 437 2003 (in Japanese).
2) N. Kikuzawa, Proc. of the 14th Sympo. on Acc. Sci. and Tech., 269, 2003 (in Japanese).
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- 4.3.3 Electrical Length Stabilization of Coaxial Cable
by Cheap Temperature Regulation System

Ryoji NAGAI, Masaru SAWAMURA, Nobuyuki NISHIMORI, Ryoichi HAJIMA,
Nobuhiro KIKUZAWA and Eisuke MINEHARA

1. Introduction

To ensure high-quality beam acceleration of RF linacs, the RF phase and amplitude of the accelerator
cavities are highly stabilized by each feedback controllers. The phase correlation of the cavities is ensured
by an RF phase reference signal through an RF phase reference line. Therefore, the electrical length of
the phase reference line should be stabilized against ambient temperature and atmospheric pressure
fluctuations. At huge-scale accelerators, a phase-stabilized optical fiber (PSOF) is used for the RF phase
reference line”. Since the PSOF system is very expensive, the PSOF system is not suite for the RF
reference line of the small-scale accelerator such as the JAERI ERL-FEL. A coaxial cable reference line
has electrical length fluctuation due to ambient temperature and atmospheric pressure fluctuations. Then
the electrical length of the coaxial cable is stabilized by cheap temperature regulation system for the JAERI
ERL-FEL. The electrical length fluctuation is suppressed sufficiently by the temperature-regulated
coaxial cable operating with proper temperature.

2. Electrical length stabilization of coaxial cable Heat Insulator Aluminium Foil

The coaxial cable electrical length is fluctuated by -
temperature fluctuation. The fluctuation caused by
the tow effects. One is a thermal expansion of the
metallic conductor of coaxial cable. Another is a
thermal fluctuation of the dielectric constant of the
isolator of coaxial cable. This causes a decrease in the
electrical length of the coaxial cable with increase
temperature. In low-loss coaxial cables with foamed = Cooling Water
polyethylene, such as Heliax-FSJ1, these two effects (172" Copper-Pipe)
are similar magnitude, causing little change in the Fig.1 Cheap temperature regulation system for the
overall electrical length of the cable. coaxial reference line

The electrical length stability of the Heliax-FSJ1 is : ‘
evaluated by test cable laid in the accelerator room of

Coaxial Cable

0
the JAERI ERL-FEL. In the evaluation, RF signal _ *°'® m———————
frequency is 499.8 MHz ‘that is fundamental E -1010 e
acceleration frequency of the JAERI ERL-FEL. The &£ -2010°}| /
measured temperature coefficient of the Heliax-FSJ1is g -3.010* . .
-5 ppm/°C (-3.69x10"deg./ °C m in the frequency of < 4010*|
499.8 MHz). This stability is not sufficient for the é 5010*
reference line of the JAERI ERL-FEL because the 4 "
requirement of the stability is less than £0.1 deg. inthe & 60 104
fluctuations of £3 °C and the cable length of 23 m. 1010 1820 22 24 % 3% 30 312
Then a cheap temperature regulation system for the * Set Temp. (°C)

coaxial cable reference line is developed as shown in . . .

Fig. 1. In the evaluation of the developed reference Fig2 Pressure coefficient of the phase fluctuation of
the coaxial cable in the frequency of 499.8 MHz

line, it is found that the electrical length is fluctuated

by the atmospheric pressure fluctuation. The pressure coefficient is measured as shown in Fig. 2.

Fortunately, the pressure coefficient is suppressed by increasing setting temperature of the reference line.

At the settmg temperature of 30 °C, temperature and pressure coefficients are -0.3 ppm/°C

(-1.86x10*deg./°C m) and -0.14 ppm/hPa (-1.02x10*deg./hPa m), respectively. In the result of the

evaluation for the developed reference line, the requirement phase stability of the correlation of the

accelerator cavities can be achieved by using the developed reference line.

References
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4.3.4 Optimization of JAERI ERL-FEL Optical Resonator

Ryoji NAGAI, Ryoichi HAJIMA, Masaru SAWAMURA, Nobuyuki NISHIMORI,
Nobuhiro KIKUZAWA and Eisuke MINEHARA

1. Introduction

An R&D program aimed at a 10-kW class ERL-FEL is in progress. This includes injector upgrades'),
HOM analysis”, return-path optlmlzatlon , and optical resonator optlmlzatlon The optical resonator.
consists of metal-coated end mirrors.  This allows wide broadband operation® and ultrashort optical pulse
generation”. The optical resonator has a center-hole output coupler. The output coupler introduces
additional diffractive loss and expansion of the interaction mode volume due to scattering at the edge of the
coupler. To ensure high-power FEL operation, the end mirror curvature and center-hole radius are
optimized with a wavelength of 22 ,,m about the FEL efficiency through a numerical evaluation of the
optical resonator by an eigenmode calculation code using the Fox-Li procedure™. 2

2. Optical resonator optimization Aperture of the bending duct (74%34 mm)

The FEL efficiency is defined as e = #ow Mexr End mmo,
where 7,, is the output coupling efficiency of the
optical resonator, and 7, is the FEL extraction
efficiency. The output coupling efficiency is defined
aS Now = Qo / loss» Where a,,, is the output power of the
resonator, and ¢y, is the total round-trip loss of the
resonator. The total round-trip loss consists of the
reflective loss of 1.2%, the diffractive loss, and output Aperture of the bending /duct (44x32.5 mm)
power. If the FEL is lasing in the spiking-mode, the
FEL extraction efficiency is inversely proportional to
square root of the round-trip loss and interaction mode Fig.1 Optimization model of the optical resonator

Apenure of the undulator duct (15%56 mm)

Center-hole output coupler nd mirro

7.198 m

volume”. The FEL efficiency is then represented by
the following equation, 600
p - . . ;
out 3 L0 g
M ® —573" 77 ) goWp e e
loss § a00 | d},’
where V is the interaction mode volume 2
The optimization model contains two end mirrors, 5 300 |-
four apertures, and a center-hole output coupler as “g' 200 |
shown in Fig. 1. The effects of the undulator duct and E o0
bending magnet ducts are taken into account by the §
0 . ) . )
four apertures. ) ) 36 37 38 39 40 4l
The maximum FEL efficiency as a function of End mirror curvature radius (m)
furror curvz%ture radius is shO\yn in Fig 2. The Fig.2 Maximum FEL efficiency as a function of the
optimum mirror curvature radius for the JAERI end mirror curvature radius

ERL-FEL is 3.777 m and the FEL efficiency is almost

flat in the range of 3.75 m to 3.90 m. On the other hand, the optical resonator is more stable for a large
curvature radius end mirror because the optical resonator is near concentric type. Thus, the end mirror
curvature radius of 3.877 m has been chosen for the JAERI ERL-FEL. This curvature radius corresponds
with a Rayleigh range that is half the undulator duct length. For this end mirror curvature radius, the
optimum center-hole radius is 0.8 mm.
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4.3.5 Linear Analysis of CSR Effect in a Future ERL Light Source
Ryoichi HAHIMA

1. Coherent Synchrotron Radiation in an Energy Recovery Linac

Next generation light sources based on energy-recovery linacs (ERL) have been proposed. These
devices will provide sub-picosecond X-ray pulses with very high brilliance, which cannot be obtained in
existing X-ray light sources using electron storage rings. In the development of ERL light sources, study
on coherent synchrotron radiation (CSR) is one of the critical issues, because the emittance of an electron
bunch is diluted by CSR when the electron bunch travels a circular path such as a beam transport loop of

an ERL.

2. Linear Analysis of CSR effects
A first-order equation of electron motion in a uniform field of a dipole magnet is
X ”=—12+l(60+60,+x[ - %)),
p P
where p is the bending radius, 8, is the initial momentum deviation normalized by the reference
momentum. The last two terms on the right-hand side are related with the CSR effect: 8, the normalized
momentum deviation caused by CSR in the upstreém path (0< s <'sp), x<=W/E,, the normalized CSR wake
potential in the bending path defined by CSR wake potential W and the reference energy E,. We can
quickly solve the emittance gfowth along a beam transport path including CSR effects by using the above

!

equation' . Emitatnce compensation methods such as envelope matching and cell-to-cell phase

optimization can be also discussed by linear analysis.

The CSR-induced emittance growth in a 10
3GeV triple-bend achromatic cell is calculated . 08} 6 |
with varying the beam envelope'”. The beam T o <~ with
£ 06 | transient CSR
envelope is changed by scanning Courant-Snyder ¢
E
parameters at the cell entrance: -5.0 < o, < 5.0, 2 0.4 /
= 0.29 m’'. Figure 1 shows the projection S without
Tx . : g proj o2} transient CSR |
emittance at the cell exit as a function of o,. The
from the li lysi i 0 . : .
results from the linear analysis are compared with - » P p P . 6
a particle tracking code ELEGANT". It can be %

seen that both the results show good agreement.
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4.3.6 Analysis of an FEL oscillation at zero detuning length of an optical cavity
Nobuyuki NISHIMORI

1. Introduction

An experiment performed in JAERI FEL has clearly shown that efficiency in an FEL oscillator can reach
maximum at zero detuning length of an optical cavity (dL = 0) despite the lethargy effect”. However, the
physics responsible for the FEL at dL = 0 has not been clearly explained yet. The main difference of FELs
between dL = 0 and dL < 0 is whether incident electrons interact with the field characterized by the steep
intensity gradient on the leading edge, which is similar to that formed in a self-amplified spontaneous
emission (SASE) FEL?. The analysis of the interaction between a SASE field shows that intensive energy
transfer from electrons to the field at the peak of the field can account for generation of intense few cycle
FELs at dL=0 .

2. Analysis of an FEL oscillation at dL=0

At dL = 0, the head of a round-trip FEL coincides with that of an incident electron pulse at the entrance
to an undulator. Figure 1 shows a semi-log plot of an FEL amplitude at saturation obtained in a time
dependent simulation as a function of longitudinal position in units of resonant wavelength A. The zero is
the position of the head of incident electrons at the entrance to an undulator. The position of the principal
peak of the field is represented as £,. The region from 0 to ¢, is called the leading edge. The inset shows the
linear plot of the amplitude. The exponential increase on the leadin% edge can be attributed to the lethargy,
because the trailing part of the field is amplified due to the lethargy”. In fact, the field at the first round trip
in an oscillator is identical to that of SASE. It is therefore reasonable to assume that the input field on the
leading edge at the round-trip number n is the same as the SASE with FEL parameter p,. The input field on
the leading edge is given by a,({) = [la(0)l/3] exp[-4npn§e”‘/6+i¢(0)], where p,=p. The analysis of the
interaction between a,({) and the iy, electron leads to an asymptotical expression for the phase of the iy
electron at time 1, yi(t) = yi(0) + 2Ia,,[§i(-|:)]I/(4-;tp,,)2 cos[Wi(O)-an,,(;i(t)-n/3]4).

An asymptotical expression for the field gain of a,(¢,t) due to an electron micro-bunch in units of A,
whose initial positions is around {+t, are obtained by substitution of the phase for the iy, electron into the
Maxwell equation as follows®: [1/ a,(¢,1)][d a,(&,1)/d 1] = (p/pa)’ (dmpae™®) when 22,({I(4mp,)’ << 1 and
pat > 0.4. This means that incident electrons lose almost the same amount of energy at £ regardless of their
- initial positions, when the electrons have slipped back over the distance longer than 0.4/p, on the leading
edge. This results in an intensive energy transfer from electrons to the field at {,. The intensive energy
transfer is also reproduced in a time dependent simulation and can account for generation of intense few
cycle FELs at dL=0.

3. Summary :

An FEL interaction between incident electrons and a field with a steep intensity gradient on the leading
edge is studied analytically. It is found that an intensive energy transfer, which is unique to FELs at dL =0,
occurs at the principal peak on the leading edge due to the interaction. The intensive energy transfer
accounts for generation of an intense few-cycle field at dL = 0.
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Fig. 1. Semi-log plot of an FEL amplitude at dL = 0 after saturation with respect to the
longitudinal position £ (solid line) together with an electron pulse at the entrance to an
undulator. The positions of the front edge and the principal peak are 0 and {, respectively.
The inset is a linear plot.
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4.3.7 Chemical reaction of environmental destructive materials in IR laser
irradiation calculated by Gaussian 03
Toshihiko YAMAUCHL], Seiji KOBAYASHI 2)
a) RIST

1. Introduction
The IR lasers, free electron laser (FEL)
or CO, laser, were irradiated to the

environmental destructive materials. For R i I B LI I I A B
example, the dioxin anallggue PCB was & 1 Average value-BB7% @ o ]
successfully dissociated '*. Here, it was @ foommomeeees AR R AGAEREELEETE ]
important to choose the laser wavelength. 8 gt ¢ .
The effective wavelengths which showed & b ]
the strong absorption were determined G %0 F ® ' ]
from the results measured by FTIR 8 s kb 3
spectroscope and calculated through the E . ]
calculation code Gaussian 03. The results ® F 3
of Gaussian 03 also presented the o ' ]
characteristics of the vibration absorption ~~  ©f @ E
in addition to it. The result of Gaussian P T T T T DT T T T
03 will present the transition process of 1 2 3 4 5 6 7 8 9
chemical reaction, the threshold laser Number of Cl (atoms)

power of the dissociation and so on. Here,

the vibration intensity was obtained in the IR
wavelength (5~15 pm), which showed a good
agreement with the experimental data measured by FTIR spectroscope.

Fig.1 Decomposition rate of PCB

2. Experimental decomposition

The laser wavelengths, 7 um and 10 pm and so on, were used to dissociate the dioxin analogues, and
their wavelengths successfully made the dioxin analogues harmless. Especially the decomposition
efficiency of PCB was about 90 % as shown in Fig.1”. It was considered that the values 10 % was due to
the reproduction of the harmful PCB, passing through the temperature of 200~300 °C after switching the
laser off. These phenomena have been studied using the Gaussian 03.

3. Vibration intensity calculated by Gaussian 03

The vibration intensity of p-chrolobiphenyl molecular was preliminary calculated as shown in Fig.2 to
compare the experimental absorption intensity caused by the vibration, which was measured using the
FTIR spectroscope. It is understood from the results of experiment and calculation that the dissociation
(dechlorination) of p-chrolobiphenyl takes place, when the vibration intensity at the wavenumber 833 cm’™
(12 um in Fig.2) is reduced. This procedure is applicable to the dioxin analogues. These calculations were
executed using ITBL.

C IR Intensities(Wa O]

4. Summary :

" The study of the chemical reaction
interacted between laser and some
environmental destructive molecules has
been performed using the calculation code
Gaussian 03. We will clarify the transition
process of decomposition presented by oy Ao l |

-2) . .
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4.3.8 Evidence of nucleosynthesis process by photodisintegration reactions
in supernova explosions
Takehito HAYAKAWA, Nobuyuki IWNAMOTO, Toshiyuki SHIZUMA, Toshitaka KAJINO*®,
Hideyuki UMEDA®, Ken’ichi NOMOTO"
a) National Astronomical Observatory
b) Department of Astronomy, School of Science, University of Tokyo
1. Introduction -

The solar system abundance ratio is important record of stellar nucleosynthesis and the chemical
evolution of the Galaxy. The origin of "p-nuclei”, which are rare isotopes (about 0.1~1 %) located in the
~ neutron-deficient side in the nuclear chart, has been discussed. Many possible nuclear reactions are
proposed, which are the rp-process in novae and neutron stars, thé Galactic cosmic rays, the
photodisintegration reactions in supernova (SN) explosions p-process’? and the neutrino-induced reactions
in SN explosions Our purpose is to report an empirical rule obtained from a careful analysis of the solar
system abundance, which indicates that the origin of the p-nuclei is the SN p-process.

2. Analysis

There are twenty two p-nuclei associated with almost pure s-nuclei that have two more neutrons than the
p-nuclei. The pure s-nuclei are dominantly synthesized by the s-process and shielded by stable
isobarsagainst the beta-decay after the freezeout of the r-process. Taking the abundance ratios of the
s-nucleus to the p-nucleus, N(s)/N(p), where N is each isotope abundance, we find a clear correlation
between them as shown Fig.1. The ratios concentrate at a constant value of N(s)/N(p) ~ 23 in a wide mass
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Fig.1 The ratios of p-nuclei to s-nuclei with the same atomic number in the solar system.

region. This is consistent with the previous theoretical calculations that the p-nuclei are produced by the
p-process in SN explosions"z): namely, the pre-existing nuclei in massive stars are affected by the s-process
during the pre-supernova evolutionary stage and the p-nuclei are subsequently produced from them by
photodisintegration reactions in a huge photon bath at an extremely high temperature in SN explosions. On
the other hand, the other proposed processes change the proton number from the seed nuclei. Therefore this
is a piece of evidence that the p-process in SN explosions is the most promising origin of the p-nuclei.
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4.3.9 Photoneutron cross sections on '*’Re and '*®0s

Toshiyuki SHIZUMA, Takehito HAYAKAWA, Hiroaki UTSUNOMIYA®, Shinji GOKO®, Ayano. MAKINAGA®,
Kaoru HARA?, Peter MOHR®, Hideaki OHGAKIF, Yiu-Wing LUI®, Stephen GORIELY*®
a) Department of Physics, Konan University, Japan
- b) Institute fur Kernphysik, Technishe Universitat Darmustadt, Germany
c) Institute of Advanced Energy, Kyoto University, Japan
d) Cyclotron Institute, Texas A&M University, USA
e) Institute d’ Astronomie et d’ Astrophysique, Universite Libre de Bruxelles, Belgium

1. Introduction

The '*"Re-'¥0s pair is one of the best candidates for estimation of the age of our Galaxy owing to the long
half-life of '®'Re [1]. The fact that both '**Os and '¥Os can be produced only by s-process nucleosynthesis apart
from the cosmoradiogenic yield of '’Os makes this chronometer potentially reliable. The quantitative
interpretation is however complicated by two major factors; the existence of s-process branchings at '**W and
'%Re, and the importance of neutron capture by the 9.75 keV first excited state in '*’Os which is substantially
populated in stellar plasmas [2]. These issues are related to the neutron capture cross sections for the short-living
states, i.e., the ground states of '*W and '**Re, and the 9.75 keV state in '®’Os. Because of experimental
limitation, direct measurements of the neutron capture cross sections on such states are very difficult. We
therefore used the inverse photodisintegration reactions to estimate the neutron capture cross section on the basis
of theoretical models. In this case, the (y,n) cross sections close to the threshold energies are important to
constrain the model parameters. In the present study, we have measured the photoneutron cross sections for '*’Re
and '*80s using a tunable quasi-monochromatic y-ray beam from laser Compton scattering (LCS).

2. Experiment

The experiment was carried out at the National Institute of Advanced Industrial Science and Technology
(AIST). LCS y rays were generated by interaction of a Nd:YLF Q-switch laser in second harmonics (A=527 nm)
with a relativistic electron beam in the storage ring TERAS. The electron energy was varied from 450 to 588
MeV which allowed to produce y-ray photons with maximum energies of 7.3 to 12.5 MeV. A 20 cm lead
collimator with a 2 mm¢ hole was placed at 6 m downstream from the interaction area to form a quasi
monochromatic y-ray beam with a typical energy resolution of 10 % in FWHM. The targets consisted in enriched
metallic powders of '*'Re and '*0s, and were pressed into self-supporting tablets with a diameter of 8 mm. The
tablets were then mounted into thin containers made of pure aluminum. The LCS beam energies were set below
the threshold energy of Al (E,=13.1 MeV). The present measurement was therefore not affected by the
.27Al(y,n) reaction. Emitted neutrons were detected by sixteen *He proportional counter embedded in double
concentric (inner and outer) rings into a polyethylene moderator cube. The inner and outer rings were at 7 and 10
cm distance from the beam axis. The so-called ring ratio between the neutron counts of the inner and outer
detectors was used to estimate the neutron energy.

3. Result
Figure 1 shows the photoneutron cross sections on '%30s 15 — T T
as a function of the LCS beam. The energy dependence of [ e Present ?
the photodisintegration cross section has been determined - o  Berman et al. S
down to energies close to the neutron threshold (7.989 . 100: Qi ]
MeV). The previous data taken with the positron rg - o .
" annihilation source [3] are also given in the figure for — [ a ¢ ]
comparison. It should be noted that the non-vanishing © - £ @ ]
cross section below the (y,n) threshold energy previously 50: % ;n L3 ]
reported are not confirmed in the present data. I o... )
o 1 1
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4.3.10 Nuclear isomer research by deep inelastic collisions

Toshiyuki SHIZUMA, Takehito HAYAKAWA, Siro MITARAF, Tsuneyasu MORIKAWA?
and Hiroaki UTSUNOMIYA®
a) Department of Physics, Kyushu University, Japan
b) Department of Physics, Konan University, Japan

1. Introduction

Nuclei around the 4=180 region have many high-Q orbitals near the Fermi surfaces for both proton and
neutron. Therefore, high-K (=£Q) multi-quasiparticle states formed by stretched spin coupling of these high-Q
quasi-particles can compete with collectively excited states nearby a yrast line [1]. Transitions depopulating such
states often require large K changes, low transition energies, parity change, or combination of these, making the
initial state to be an isomer with a comparatively long half-life. However, high-spin studies of the heavier
Hf-W-Os nuclei have been limited due to lack of suitable fusion-evaporation reactions to access to these nuclei.
In order to populate high-spin excited states of such nuclei, we have employed a reaction of deep inelastic
collisions (DIC). This type of reaction has been proven to be useful for population of levels of medium to high
spins in heavier stable isotopes [2].

2. Experiment
A 630 MeV ¥Se beam derived from the tandem and booster accelerator at Japan Atomic Energy Research
Institute was used to bombard a self-supporting target stacked by two '*W (enriched to 98.2 %) metallic foils
with a thickness of 450 ,,lg/c:m2 each. Projectile-like
fragments were detected by a silicon detector, while 3000 . r —
delayed y rays emitted by target-like fragments were
measured with four HP Ge detectors using the
so-called recoil shadow method. Events were
recorded on magnetic tapes when the silicon detector
and one or more Ge detectors were fired in
coincidence. Relative times between the silicon and
y-ray signals were also measured. The energy 10000
calibration of the Ge detectors was made by using
'*Ba, '"?Eu  and 'Am standard sources.
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" conditions of timing signals and silicon events were 00 200 300 400 500
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3. Result ‘ _ Fig.1 A projected y-ray spectrum without any

Figure 1 shows a projected y-ray spectrum without
any gates on the silicon events, while figure 2 is one
obtained by gating on the the DIC events of the
silicon signals. In fig. 2, known y-ray peaks from the
E,=2124 keV isomer in '*Re [1] and the E,=1682
keV isomer in '®Re [3] with half-lives of a range of
100 ns are clearly seen, exhibiting that the present . 2000
experiment can be use to identify isomers with
half-lives ranging nano seconds to micro seconds in
neutron-rich side of nuclei. Further analysis of 1000
delayed y-ray transitions is in progress.

silicon gates.

30 v T T

Counts

References
1)PM. Walker er al., Nature 399, 35, 1999 00 200 300 200 500
2)C. Wheldon et al, Phys. Lett. B 425, 239, 1998 Energy (keV)

3)T. Shizuma ez al,, Z. Phys. A359, 229, 1997

4)T. Shi ., Euro. Phys. J. A 17, 159, 2003 .
) izuma et al., Euro. Phys 17 Fig.2 A projected y-ray spectrum gated on the

DIC events of silicon signals.



JAERI-Review 2004-030

4.4 Optics research and development

The Novel Optics Research Group*

* Masato KOIKE, Osamu YODA, Yuichi SHIMIZU, Akira SUGIYAMA, Masahiko ISHINO, Yasunaga

NARA, Takashi IMAZONO

1. Introduction

Development of advanced lasers such as the T-cube laser and soft X-ray laser requires novel optics
including laser crystals, multilayer mirrors, polarization elements, and diffraction gratings in addition to
development of laser oscillation technology. The efforts of the Novel optics research group are devoted to
the research and development on optical components, optical systems, and basic technologies for
development and application of the advanced lasers and other soft X-ray state-of-arts sources.

2. Achievements

In the developments of laser optical elements, we have
optimized the temperature of heat treatment in the
Nd:YVOs and YVO4 bonding process to prevent
precipitates at the bonded interface. From our
examination using an electron spectroscopy chemical
analyzer, it was assumed that the opaque precipitates is
created by the vanadic acid (V,05nH,O) transformed
from V,0s and water inside the furnace. For the
prevention, temperature adjustment less than the melting
point of V,0s was required. As a result, the precipitation
was clearly suppressed, as shown in Fig. 1.

In the developments of soft x-ray optical elements, we

have fabricated the multilayer mirrors consisting of oxide
and nitride layers for use around the K-absorption edge of
carbon (A = 4.4 nm). We have found that the Co3;04/SiO,
‘and the Mix/BN multilayer have uniform layer structures
from the x-ray scattering measurement and the
transmission electron microscopy (TEM) observation,
where Mix is a mixture of Co304 and Cr,0;. The x-ray
reflectivity curves of multilayer mirrors derived from the
X-ray scattering measurements with CuKa; x-rays are
shown in Fig. 2. The x-ray reflectivity curves are shifted
downward successively for clarify. The x-ray reflectivity
curves of the Co3;04/Si0O; and the Mix/BN multilayer
mirrors contain as many as four and three Bragg peaks in
the measured 26 region, respectively. The measured soft
x-ray reflectivities of Co304/SiO, and Mix/BN multilayer
mirrors are less than 2%, which are about one tenth of the
theoretical values assuming perfect multilayer structures.
It is thought to be due to the roughness at the interface and
at the surface of the multilayer mirrors. Also we have
examined a natural muscovite mica crystal having good
crystallinity(Fig.3) to develop the polarization elements
in the soft X-ray region of 1-2 keV. As the result of the
preliminary reflection measurement of muscovite mica at
the incidence of angle of around 45° using synchrotron
radiation, we have confirmed that ‘muscovite mica is
promising candidate as a reflection-type polarizer. with
approximately 1.4% reflectance for s-polarization around
0.9 keV.

at 1373 K at873 K
Fig. 1 Precipitation in the heat
treatment for 50 hours
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4.4.1 Interfacial properties of a direct bonded Nd:YVO, and YVO, single crystal

Akira SUGIYAMA

1.Introduction

Laser crystal integration of Nd:YVO, and YVO, was achieved by way of our newly developed direct
bonding technique”. Y. In the preparation of contact, surface improvement was performed by using ion
beam irradiation which is an appealing process for the extension of the bonding technique in other
hygroscopic and fluoride crystals. The bonded region was evaluated from the macroscopic to the atomic
level by different methods. From interferometer experiments, the wavefront distortion caused by the
bonded region was assumed to be around 0.04 2 at 633 nm. Optical scattering measurements showed
the number of scattering centres in the bonded region were much smaller than that of the intrinsic micro
defects m51de the crystal, as shown in Fig. 1. The scattering density around the bonded interface was less
than 4.6x10° /cm’. In addition, magnified inspection around the bonded region was also performed

2.Experimental results

Figure 2 shows the magnified image of the Temperature at 1373K Temperature at 873K
bonded region. From the measured lattice
constant of 0.625 nm in this photo, it is recognized
that the bonded interface is parallel to the crystal
c-axis. Although obscure parts of thickness 2 nm
slightly appeared along the bonded interface, the
atoms in the bonded region composed of two
different types of crystal were well arranged with
the same regularity as the bulk crystal. We
attribute the obscure parts to the irregularity of the
polished surfaces. In the bonding process, most
of the irregularity is reduced by elastic deformation ~ Fig. 1 Optical scattering images of the bonded

and diffusion of the atoms during the long heat crystals resulting from different heat
treatment. treatment. Oval indicates the bonded
In the quantitative analysis by EDX, the four region

elements of neodymium, yttrium, vanadium and
oxygen that compose the crystal were selected and
measured in spots of 5 nm diameters around the
bonded region. As a result, we recognized that
Nd** ions move slightly toward the YVO; side,
which is assumed to be driven by the Gorsky eﬂ'ect
caused in the thermal diffusion. From the Nd
migration, the diffusion coefficient of Nd** ions at
the bonded interface was estimated at 2.3x107
m?/sec at 873 K. The diffusion coefficient of Nd**
ions at the bonded interface of a YVO, crystal has
not been measured by any other methods. For the
estimation, we proposed the effective EDX analysis
in the microscopic measurement for the bonding
region of hetero materials. The measured
interfacial properties suggest that the optical loss at
the bonded region is insignificant and the bonded Fig. 2 Cross-sectional TEM image of the YVO,
crystal is applicable for laser gain material to and Nd: YVO, bonded specimen

improve the heat transfer in case of the high power

optical pumping.
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4.4.2 Soft x-ray reflectivity measurements of multilayer mirrors cohsisting of oxide
and nitride layers for use around the K-absorption edge of carbon

Masahiko ISHINO, Osamu YODA, Eric M. GULLIKSONa), and Masato KOIKE
a) Lawrence Berkley National Laboratory

1. Introduction

We have developed the multilayer mirrors for use as optical elements around the K-absorption edge of
carbon (A = 4.4 nm). We have found that the Co3;04/SiO; multilayer system has uniform layer structures,
and the mixture of Co3;04 and Cr,0; (Mix = Co;0; + Cr,03) is appropriate for combination with BN so that
the Mix/BN multilayer system is also candidate for the soft x-ray mirror.”’ Then, we have fabricated the
Co0304/Si0; and the Mix/BN multilayer mirrors and carried out the soft x-ray reflectivity measurements.

2. Experimental
The Co0304/Si0; and Mix/BN multilayer mirrors
were fabricated by the ion beam sputtering method. 0025
Periodic ‘lengths and the number of periods of each
multilayer mirror are 3.1 nm and 201 periods (402
layers), respectively. Si-wafers were used as the
substrates. The first layers on the substrates were
Co304 and Mix layers and the topmost layers were
SiO, and BN layers, respectively. The soft x-ray
reflectivity measurements were carried out using the
standard and calibration beamline 6.3.2 at the 1 AN R e
Advanced Light Source (ALS).>” R e e
Incident Angle (deg.)
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3. Results

Figures 1(a) and 1(b) show the soft x-ray 0,025 R _ _
reflectivity curves of the Co3;04/SiO; and Mix/BN [Mix/BN]*201 ? - (b)
multilayer mirrors, respectively. The soft x-ray 0020 :;:;::g gl B
reflectivities are obtained by incident beams of —
s-polarization. The wavelengths of incident x-rays
were fixed at 4.3 and 4.5 nm, and incident angles
were scanned, so that the soft x-ray reflectivities are
shown as a function of incident angles with respect to
multilayer surface. Soft x-ray reflectivities of the .
C03;04/SiO; multilayer mirror are about 1.5% for the
wavelength of 4.3 nm at the incident angle around
44.5° and 2% for 4.5 nm at around 47.5°, respectively.
Measured soft x-ray reflectivities of the Mix/BN
multilayer mirror are smaller than those of the Fig. 1 Measured soft .x-ray reflectivity
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C03;04/Si0O; multilayer mirror. Soft x-ray reflectivities curves of (a) the C0304./Si02
of the Mix/BN multilayer mirror are about 1% for 4.3 multilayer mirror and (b) the Mix/BN
nm at around 45° and 2% for 4.5 nm at around 47.5°, multilayer mirror

respectively. The simulation calculation of the

multilayer mirrors assuming perfect multilayer structure, i.e., uniform layer thickness and clear layer
boundaries without roughness and diffusion, show the soft x-ray reflectivities of 20% and more in the
K-absorption edge of carbon region at around 45°."” However, measured values are less than one tenth of
theoretical values. The imperfect structures of multilayer mirrors such as roughness at the interface and at
the surface or diffusion at the interface will decrease soft x-ray reflectivities remarkably.
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4.4.3 Conical Diffraction Monochromator Equipped with Holographic Gratings in
Energy Region of 1-4keV

Masato KOIKE, Takashi NAMIOKA®
a) Tohoku University

1. Introduction

The conical diffraction mounting was first discovered half a century ago and since rediscovered .
Recently, this mounting has attracted researchers in the field of XUV space astronomy because of its high
throughput for XUV. In 1983, Cash® and Hettrick * proposed independently the use of a plane gratin,
with radial grooves in a conical diffraction mounting. This concept was demonstrated by Windt and Cash
and applied to a sounding rocket-born EUV spectrogragh successfully .  Detailed analysis of
spectrographs of this type was made by Hettrick ® and Cash ”. While they mentioned possible use of a
holographic grating in the conical diffraction mounting, they gave no analysis on it. For this reason we
have analyzed the imaging property of a holographic plane grating with grooves of a radial form, which
will be called holographic radial grating in this paper, in a conical diffraction mounting. This paper
presents the results of the analysis together with sample monochromator designs for the 1-4 keV region and
their expected performances in comparison with the ruled grating having straight radial grooves.

2. Optics

Figure 1 shows a holographic recording system and its
coordinate system whose origin is at the center O of the blank
of a size Wx L and x axis is the blank normal at O. The points
C(xc, yo, zc) and D(xp, yp, zp) are coherent point sources of
wavelength Ay. The sign of y, &, and &, are the same as that of
Yc, ¥p, and z¢ p, respectively. .

The holographically recorded grooves are expressed by

nky = [<CP>-<DP>}-{<CO>-<DO>], n = ¥ D(ynz)
where n is the groove number counted from the groove passing i
through O and takes a positive (or negative) sign when the Clreyeze)
groove intersects the y axis on its positive (or negative) side, Fig. 1 Recording optics

the point P(0,w,)) lies on the nth groove, and < > denotes the
distance between the respective points.

Figure 2 shows a conical diffraction mounting that uses a
holographic plane radial grating, G, in a beam of light perfectly
converging to a point Ay'. G is placed in the beam so that the
central ray AgAy’ of the beam meets G (shown by the dashed
lines) at its center O and its projection onto the plane of G
coincides with the central groove (n = 0). The zero-order
image is formed at a point S, the symmetric point of Ay’ with
respect to the plane of G.

When the grating is rotated through an angle a about the
central groove, the angle, & ( > 0), between the incident
principal ray A¢O and its projection onto the x-y plane remains
unchanged and the zero-order image is formed at a point S’, the
symmetric point of Ay’ with respect to the plane of G (shown
by the solid lines). The principal ray of wavelength A in mth
order diffracted from O makes an angle 8’ (<0) with the x-y
plane and forms a spot at a point By in an image plane.

Since the point A¢' acts as a virtual point source, the light -
path function for the virtual ray A,'PB is expressed by

Fig. 2 Schematic diagram of a

F==-<4/P>+<PB>+nm4. @ conical diffraction mounting
The light path function is expanded into a power series as
F = Foy + Fyw+ Fyl + Fyow® + F wl + Fl* + Fyw® + Fywl + F,wl? + Fyl* + 0w [r?). 3)
For the principal ray A¢'OB,, application of Fermat’s principle to the light path function F yields
g'=-6, ocosf(sina +sin By)=mAi. 4
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The anastigmatic condition is given by
Hh=a, ry =r. &)
This means that the anastigmatic spectral image formation is easily accomplished by the use of a
Littrow-type conical diffraction (LCD) mounting.

3. Design Example

We give a sample design of holographic radial gratings for use in a LCD monochromator that covers an
energy region of 1-4 keV on a low emittance synchrotron radiation beamline. The basic parameters we
assumed are Ay =441.6 nm, o =1/3600 mm, W=10 mm, L=100 mm, r=ry’=5000 mm, and §=-0'=
88.6°. The design procedure we have developed yielded the following recording parameters:
rc=rp=2200mm; zo = zp = -1311.741lmm; é = —y 67.736271°. The residual aberrations,
F3=1.740656x10"" mm™ and Fi=1 2141’74x10'1° mm™ at A=0.6 nm, decrease as rp and | zp| increase.
However, the value of & approaches rapidly to 90°. We, therefore, use this sample design for further
examinations.

The performance of the holographic radial grating in
an LCD monochromator was examined by ray tracing in
comparison with the ruled radial grating. In doing so, we
assumed a toroidal mirror M in between a source and the

o
N

q,=7.744um | [7q =7 382um 9,=4.307um

|HE|GHT (mm)
o
T
)
T

o
N

ol

=1 =

grating to produce a convergent beam  with unit 1.0 R=582 =554

magnification. ~ We also assumed a selfluminous & | ]
entrance slit of 10 pm x 250 um and the following values % 0.50 r 1t I ) ]
for the radii of curvature of M, R and p, and other £ ‘&& \ 3x=s\a!-5lo
parameters: R = 225112.0 mm, p = 134376 mm, r,, =~ 95 Xk ‘ E—
(distance of M to the slit) = 5500.0 mm, D (distance WIDTH (mm)

<MG>) =500 mm, and 6, (angle of incidence on M) = (a) (b) (c)
88.6°. Fig. 3 Spot diagrams and line profiles

Figures 3(a) and 3(b) show the spot diagrams and line
profiles constructed in an image plane perpendicular to the diffracted principal ray OS for the ruled and
holographic gratings, respectively, with 1500 randomly-generated rays of A=0.5985, 0.6, 0.6015 nm. The
separation of these three lines corresponds to a resolving power of 400 at 0.6 nm. For reference, the
values of the resolving power, #, estimated from the line profiles %) and the rms spread, gy, of ray-traced
spots in the direction of run of the spectrum are given in the respective diagrams.. These values are nearly
the same for the holographic and ruled gratings It is seen for both the gratings that the spectral images
are slanted with respect to the exit slit, causing deterioration i 1n spectral resolution. This situation can be
improved by rotating the exit slit through an angle ¢ given by

tang=2 tanasiné. (6)

Figure 3(c) shows the spot diagrams and line profiles obtained by rotating Fig. 3(b) through 5.0557°, the
value of ¢ calculated from Eq. (6). The line profiles are definitely improved and the resolving power is
nearly doubled from 554 in Fig. 3(b) to 950 in Fig. 3(c), showing the necessity of synchronous slit rotation
with wavelength scanning.

It is concluded from these results that, in the conical diffraction monochromator for the energy region of
1-4 keV, the holographic radial grating exhibits a resolving power equivalent to that of the ruled radial

grating,
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4.4.4 Development of soft x-ray polarization elements of muscovite mica in 1-2 keV
Takashi IMAZONO

1. Introduction

It has been increasing demand for sophisticated linearly and circularly polarized lights in the soft x-ray
region of 1-2 keV for the studies in the material sciences, e.g., magnetic circular dichroism.measurements
and the observation for three-dimensional atomic structure at absorption edges with element selectively. In
spite of being very important for these studies utilizing polarized soft x-rays to acquire the information
concerning the polarization state of the light source, the available soft x-ray polarization elements for
polarization analysis in this energy region have not been developed so far because of the boundary aria both
the crystal and artificial multilayer polarization elements. In the soft x-ray region of around 1 keV, the
muscovite mica has been considered to be suitable for the polarizer due to its lattice spacing of dgo; = 0.997
nm and excellent thermal and chemical stabilities. In order to develop the polarization elements in the soft
x-ray region of around 1 keV, the polarization performances of muscovite mica have been investigated
theoretically and experimentally.l) As the results of the simulation calculations based on a conventional
dynamical theory and the reflection measurement using horizontally linearly polarized synchrotron
radiation, muscovite mica was found to be promising candidate as a reflection-type polarizer at around 0.9
keV.

2. Experimental

Muscovite mica used in this study is a natural product and acquired commercially. The thickness of
sample is approximately 0.1 mm. The chemical formula of muscovite mica is KAl;(AlSi3010)(OH),. The
crystal structure is monoclinic, and lattice constants are a = 0.5199 nm, b = 0.9027 nm, ¢ = 2.0106 nm, 8 =
95.78°. Muscovite mica has significant layer structure and it can be easily cleaved in (00/) faces. Also it has
excellent thermal and chemical stabilities. At the incident energy of 879.06 eV, a symmetric Bragg
reflection of (002) face satisfies ¢ = 45°, where ¢ means the Bragg angle measured from the normal of
the sample surface.

The reflection measurement was carried out at BL-11 of the Synchrotron Radiation Center, Ritsumeikan
University. This beamline consists of (1) prefocus system, (2) Monk-Gillieson type monochrometors®
equipped with the varied line spacing grating and sg)herical focusing mirrors, (3) refocus system and (4) the
evaluation system for soft X-ray optical elements.” The incident energy is E = 899.2 eV with energy band
of approximately 1.5 eV, and then Bragg angle is ¢g = 45.65°.

35 T . .

3. Results _ E=889.2¢eV

Figure 1 shows measured (open circle) and 3.0p 0B = 45.65 deg |
calculated (solid line) reflectance for s-polarization for a ~ 25l ]
symmetric Bragg reflection of muscovite mica(002) of & 0  Measured
approximately 0.1 mm thickness at an incident energy  § 2.0r Calculated |
of 899.2 eV, as a function of the incident angle ¢. The § Ls ]
Bragg angle is ¢p = 45.65°. The maximum reflectance g -
for s-polarization is 1.4% at ¢ = 45.57° (open circle). 5 1.0 .
Muscovite mica yields significantly higher reflectance &
than Au-coated mirror with 0.0005% reflectance. The 0.5 )
reflectance for p-polarization is expected to be low 0.0 - , :
enough because the incident angle is close to 45°, 452 454 45.6 45.8 46.0
however, it has not been measured in this experiment. Incident angle, ¢ (deg)

Thus this result indicates that muscovite mica has a

possibility to work as a reflection-type polarizer at’ Fig. 1 Mefxsured '(open circle) and calculated
889.2 eV. ) (solid line) reflectances for

s-polarization of muscovite mica(002)
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4.5 Laser Driven Particle Acceleration Development

Kazuhisa NAKAJIMA, Masaki KANDO, Hideyuki KOTAKI, Shinichi MASUDA, Shuji KONDO,
Shuhei KANAZAWA, Takayuki HOMMA, Izuru DAITO, Atsushi YAMAZAKI

Laser Acceleration Research Group

1. Introduction

Recently there is a great interest growing in advanced accelerator technologies based on laser and
plasma acceleration mechanisms, which have attractive potential for applications to a wide range of
sciences. In particular there has been a great experimental progress on the laser wakefield acceleration
(LWFA) of electrons. Recent experiments have successfully demonstrated that the self-modulated LWFA
mechanism is capable of generating ultrahigh accelerating gradient of the order of 1 TeV/m and of
accelerating electron beams up to the high energy beyond 200 MeV[1,2] with high quality and ultrahigh

“current. These capabilities make it possible to realize a table-top accelerator and high energy frontier
accelerators in a reasonable size and cost. High quality, ultrahigh current laser accelerated-electron beams
benefit high energy accelerators and free electron lasers as an electron beam injector, and also applications
to femtosecond X-ray beam generation and coherent Terahertz radiation.

Here we report the activities of Laser Acceelectron Research Group on laser wakefield acceleration
experiments carried out by using 20 TW, 20 fs laser pulses. The experiments result in ultrahigh current
relativistic electron beam acceleration of the order of Mega Ampere with energy spectrum characterized by
a power law up to 40 MeV rather than a Maxwellian distribution.

2. Laser Acceleration Test Facility

Our laser acceleration research has
been focused on electron acceleration
experiments based on LWFA mechanism,
aiming at high energy acceleration to
achieve more than 1 GeV with plasma
channel-guided scheme driven by 100 TW,
20 fs laser pulses. In order to accomplish
these experiments, a high quality electron
beam and high intensity laser pulses are
delivered in the Laser Acceleration Test
Facility (LATF) consisting of the
photocathode RF gun, the 150 MeV
microtron accelerator, the electron beam line
and the laser transport line.

A high quality beam accelerated by the
150 MeV photocathode-microtron is utilized

as a standard electron beam with 0.1%

energy spread for calibrating the electron  Fig. 1 An inside view of the laser plasma acceleration
chamber used for ultrahigh current electron beam
acceleration.

spectrometer and testing a new electron
detector developed for laser acceleration
experiments. A

In LATF laser acceleration experiments in the use of the 100 TW laser sytem are conducted to
investigate ultrahigh gradient electron acceleration by ultraintense laser pulses. In the relativistic intensity
regime, nonlinear plasma dynamics evolves complex particle acceleration mechanisms. An important
purpose of laser particle acceleration experiments is to elucidate relativistic particle generation and
acceleration mechanisms in plasma. In addition to laser-plasma acceleration, the laser ponderomotive
acceleration or the direct laser field acceleration in vacuum will be investigated by using LATF and the100
TW laser. The facility will be directed to user-oriented researches on laser particle acceleration and
radiation sources under the international collaboration as a part of MEXT project on the Relativistic
Engineering and Extreme Field Sciences, which has started in 2003.



JAERI-Review 2004-030

3. Experiment for ultrahigh current electron beam generation

Following the preliminary laser-plasma electron acceleration experiment for STW, 30fs laser pulses in
2002, the electron acceleration experiments were carried out. A 100-TW Ti:Sapphire chirped pulse
amplification laser system delivered a typical peak power of 20 TW and 23 fs FWHM duration which were
focused onto a gas target with an off-axis parabolic mirror with a focal length of 178 mm (f/3.5) as shown
in Fig.1. The electron charge of accelerated electrons was 5 nC (3 x10') per shot with emittance 0.5 & mm-
mrad, which was measured over a solid angle of 0.012 sr at high plasma density of 10?° cm™. "The total
amount of the charge of accelerated electrons is inferred to be extremely as high as 50 nC, which means
that a 20 % of the laser pulse energy was converted to the energetic electrons. Assuming that this electron
bunch length is on the order of the plasma wavelength, the peak current of the beam may exceed 0.5 MA,
which is much larger than the Alfven limit: 170 kA for 5 MeV electron beam. Since the numerical
simulation indicated production of an electron bunch with ~ 0.3 fs duration[3], it is inferred that the peak
current of the accelerated electron bunch was 17 MA, which is four orders of magnitude larger than that of
the conventional accelerator beams.

The measured electron energy spectrum extending up to the maximum energy of 40 MeV, which are
well fitted to a power law given by E>7 rather than the Maxwellian distribution. It means that the
acceleration mechanism for this experiment is different from the self-modulated wakefield acceleration due
to a long laser pulse, of which energy spectra are dominantly characterized by the Maxwellian distribution
of electrons accelerated due to both the laser field and the pure wakefield[4].

4. Applications of laser-plasma accelerated electron beams

The intense ultrashort pulse laser and plasma interactions produce high-brightness radiations with a
wide range of spectrum and femtoseconds duration, which are useful for many applications in a number of
scientific fields. An ultrashort pulse electron beam accelerated by wakefields can generate a well-
collimated Multi-keV X-ray beam with femosecond duration through relativistic Larmor radiation or
nonlinear Thomson scattering[5] and the betatron oscillation of electrons in plasma. It is known that
Terahertz radiation can be generated by transition radiation from laser wakefield accelerated electron
bunches[6].

Femtosecond X-ray beams with a wide range of the spectrum ranging from the soft X-ray to the hard
X-ray are generated by Compton (Thomson) scattering of an intense laser pulse colliding with an ultrashort
bunch eiectron beam accelerated by laser wakefields. A generated X-ray flux-is expected to be extremely
high when laser-accelerated electron beams with an ultrahigh peak current of the order of Mega Ampere
Jinteract with a Multi-TW laser pulse. As an example, assuming that a counter-propagating 20 fs laser pulse
focused on a laser accelerated electron beam with the peak current of 1 MA at the intensity of 10?° W/em?,
the peak X-ray flux is expected to be 10?® photons/s.

As an another attractive application of laser-plasma accelerated electron bunch with high charge,
coherent transition radiation from electron beam accelerated by laser wake fields at a plasma-vacuum
boundary generates Terahertz radiation over wavelengths longer than the electron bunch length. As an
example, a 5MeV laser-accelerated electron beam with a charge of 5 nC can produce a total radiation
energy of 200 mJ at the wavelength of 10 um, which is several orders of magnitude larger than that of the
state-of-the-art THz radiation sources, such as laser-triggered semiconductor THz sources.
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4.5.1 Electron generation from a supersonic gas-jet target 1rrad1ated
by 20 TW, 23 fs laser pulses

Masaki KANDO, Shinichi MASUDA ", Atsushi YAMAZAKI', H1deyuk1 KOTAKI, Takayuki HOMMA,
Shuji KONDO, Shuhei KANAZAWA Kazuhisa NAKAJIMA?, Hiromitsu KIRIYAMA,
Yutaka AKAHANE, Michiaki MORI, Yukio HAYASHI, Yosh1k1 NAKAI Norihiro INOUE, Hideki UEDA,
Youichi YAMAMOTO Koichi TSUJI, Alexei Zhidkov®, Tomonao HOSOKAIa) James K. KOGA,
Koichi YAMAKAWA :
# The Nuclear Engineering Research Laboratory, The University of Tokyo

1. Introduction

Since the laser-plasma accelerator concept was invented[1], a large number of experiments of laser-
plasma electron acceleration has been reported at various parameter regimes. In particular, so-called laser-
plasma cathode scheme is studied extensively because of its simplicity rather than externally injection
scheme and a capability of producing a high-quality electron beam. Nowadays, the maximum energy
achieved in this scheme reaches to 200 MeV[2], the smallest emittance is 0.1x mm-mrad[3] and the
shortest bunch duration is 50 fs[4]. However, the underlying acceleration mechanism, especillay the
injection mechanism, is still open to argument. From the point of view, more experimental data are required
at wide parameter spaces such as a laser pulse duration, a laser pulse energy, a contrast ratio, a plasma
density, and so on. Here we report on the experimental data using the shortest laser pulse duration (23 fs) as
well as the physical interpretation of its injection mechanism.

2. Experimental setup

The' experimental setup is depicted in Fig.1.
The experiments were performed with the JAERI
100 TW Ti:Sapphire laser that delivered, a 20 TW,

23 fs pulsed at 800 nm with a repetition rate of 10 Cottmator

Hz[5]. The typical intensity contrast was 10 on Electon energy spectrometer

the nanosecond scale. The laser pulses were =

focused with a focal length of 178 mm(f/3.5) off- fered locons D], ' i o s
Faraday cup

axis parabolic mirror onto a supersonic. The
attenuated laser spot radius was 5 pum at 1/e?
intensity containing 50 % of the total laser pulse
energy. This conesponds to the peak focused
intensity of 2.3 x 10" W/iem’. A specially
designed pulsed valve with a shock-wave free nozzle is used to produce a ﬂat gas (hellumo) den51ty
distribution in a vacuum chamber. We varied the plasma density from 1.0 x 10" to 1.4 x 10%° cm™
changing the stagnation pressure of the pulsed valve. Energetic electrons were monitored with a llthlum
doped silicon semiconductor detector (SSD) with amplifiers. To avoid exposure from the strong laser light
and plasma fluorescence, the SSD is contained in a shielding box which has an entrance window covered
with a 20 pm thick titanium foil. The electron spatial distribution was measured with image plates (Fuji
Film, BAS-SR) placed 180 mm away the focus on laser axis. The electron charge was measured with a
-Faraday cup consisting of 20 x 20 mm copper block. The collected electron charge is measured by use of a
CAMAC charge ADC. The electron energy distribution was measured with a magnetic spectrometer which
consists of a dipole magnet and 32 channel plastic scintillators coupled with photomultipliers. To increase
energy resolution, a collimator was placed in front of the dipole magnet which limited the electron beam
acceptance to within +10 mrad. The collimator was made of polyethylene and lead to reduce the amount of
bremsstrahlung.

Image plate
cabl
ssD (remarable) Vacoum

chamber

32 scintillation array
Fig.1 Experimental setup for electron
generation

3. Experimental results and discussions

We have observed electron generation at a high density of 1.4 x 10?° cm™ and the power of 20 TW.
The electron charge was 5 nC per shot using the Faraday cup. The angular divergence of the electrons was
10 degrees rms. This leads to a calculated geometrical emittance of 0.5 & mm-mrad. The energy of

“Present address: National Institute of Advanced Industrial Science and Technology
'Also at Institute for Chemical Research, Kyoto University
*Also at High Energy Accelerator Research Orgamzatxon
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electrons are shown in Fig.2. By changing the magnetic filed strength and shielding in front of the detectors,
we confirm that these signals were due to high energy electrons. Exponential fit curves are also plotted,
effective temperatures of which lead to 2.5 MeV and 7.8 MeV, respectively.

The present measurement are not free from laser pre-pulse effects. The laser pulse had a pre-pulse
which was 107 continuing a nanosecond time scale. This pre-pulse forms a shock-wave in a plasma
resulting in a formation of cavity[6]. We performed a
two-dimensional PIC simulation using the moving-
window technique. The plasma length was set to 2
mm, with a density gradient of length 5 um at the
edge of the gas-jet. The electron energy distribution
obtained in the calculation has reproduced fairly well
the experimental one as seen in Fig. 2. The two
groups of electrons with different temperatures have
been reproduced well. According to the spatial
distribution of the electron momentum in the 2D
simulation, these groups have different duration (see
Fig.3). The higher temperature group constitutes a 10 e T s 85 0
bunch with duration around 40 fs while the colder Electron Energy [MeV]
electron group has a length comparable (or may be  Fig. 2 Energy spectrum of electrons obtained
longer) than with the simulation window which is  in the experiment (open squares) and the
160 um or 0.53 ps duration. According to the  simulation (city-space lines). The hatched
calculation, the shorter bunch is built from electrons  line shows the detection limit.
injected at the shock-wave front and further

" accelerated by the plasma wake-field behind the laser
pulse. The longer bunch is formed by electrons -
injected and accelerated by the wave-breaking of the

107 T T T T T T

PIC simulation

10*

Electron Number [/MeV/sr]

10°

0 T

plasma wake-field in the uniform part of the plasma. or ]
Since the latter process lasts much longer than the 5
injection at the front of the shock wave, the duration E ok i
of the corresponding bunch is also longer. Pie

.60 b .

4. Conclusions
We have focused an intense laser pulses with a

time duration of 23 fs, which is the shortest at present, ) AP S P R
0 400 800 1200 1600

onto an underdense He plasma. A 5 nC total charge of

accelerated electrons with an emittance 0.5 & mm- . Particle position [w/c]
mrad has been detected at a high plasma density of Fig.. 3 Electron energy vs. longitudinal
1.4 x 10° cm™. Maximum electron energy extends to position. ’

35 MeV having a two temperature distribution of T

~ 8 MeV and T; ~2.5 MeV. We attribute this to the

existence of different plasma wave-breaking processes: (i) rapid wave-breaking injection at the front of the
shock-wave produced by the laser pre-pulse with further electron wake-field acceleration up to high energy
and (ii) slower injection originating from the wave-breaking in the uniform part of the plasma. The second
group of the electrons is shown numerically to constitute a bunch with a duration of about a picosecond.
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4.5.2 Observation of fixed blueshift of focused intense laser pulses

Hideyuki KOTAKI, Masaki KANDO, James K. KOGA, Kenichi IKEDAa), Kazuhisa NAKAJIMA
» The Graduate University for Advanced Studies

1. Introduction

The development of intense lasers has brought about a large number of experiments based on optical
field ionization (OFI)."? A spectral blueshift has been observed expenmentally in the propagation of tightly
focused intense ultrashort laser pulses through a gas medium.>™ This is due to the gradient of the refractive
. index in an 1omzat1on front at the front of the laser pulse which causes a spectral frequency shift of the
short pulse laser.*® This generic blueshift strongly depends on the laser intensity and the gas density. In our
experiments, a different type of blueshift has been discovered.'®

Here, we present experimental results of a fixed blueshift. The amount of shift depends on the ionic
charge number and the pulse width at the focus point. We propose that the ionic charge number at the focus
point can be understood from the blueshifted spectrum. Furthermore, because the amount of shift depends
on the pulse width, the laser pulse width can be roughly determined from the amount of shift and we can
adjust the compressor- of the laser by only measuring the change of the shift.

2. Fixed blueshift of intense laser pulses

It has been shown theoretically and numerically that a short pulse laser that is propagating in a co-
propagating ionization front will up-shift in frequency.” The frequency shift is obtained from the phase
velocity gradient as photon acceleration. Assuming a linear density gradient the frequency shift, Aw, is
written in the form

2 .
e Tt (1)

~where where oy is the initial laser frequency, w, the plasma’ fréquency, vp the phase velocity, T the
propagation time, T = z - ct, and Ly the scale length of the density gradient of the ionization front. The
propagation distance, ct, is roughly equal to the refraction distance. The shifted laser frequency, w, is

givenby15
. 172
. =wy|l+—=—] , 2
s 0( 2L0) ( )

which indicates that the frequency shift is independent
of the plasma density, type of gas, and laser intensity.
The amount of shift just depends on A9 and Lo which
depends on the laser pulse length, ."”

3. Experimental results
We 'measure the spectrum shift of a laser pulse with

. an initial spot size, D, of 45 mm for Ay = 795 nm and 7,
=100 fs. The laser pulse is focused using convex lenses
of various focal lengths f for the laser pulse energy, E,
of 10, 20, 40, 60, and 100 mJ. Figure 1 shows the incident

incident and the forward scattered radiation spectra. L L1
The spectra shift to 785 and 790 nm. The shifts show T avten gt’ﬁs[nm? 805 810
‘;)hat Lo is 0.5t.c (half the pulse length), 0.85t.c (the Fig.l Forward scattered radiation spectrum
alf width of the 1/¢? maximum), or a mixture of both. after the laser pulse has focused in the ,
In the case of short (strong) focus, the incident filled ch ier at 400 Torr (5. 3%10°
spectrum remains in the forward scattered radiation Ig)as fl eE ¢ 2111(1)10 mJ. The bott Jf th
after passing through various gases due to the short 3) t(r)ll;m ~ the incid te ° ?T?H? F ¢
propagation distance on the outer edges of the laser :hp: cblueshlisﬁe desmmtrirxln St%z ¢ soli d ﬂ?;
pulse. Assuming a laser spot radius, wp, of 3/D in units dotted, and the g::; Ken iines show’ the
of um at the focus point due to the defocusing of the spectrum after passing through argon
laser pulse under the influence of ionization, the p; dh lp m € e ectivaerlg ’
spectrum shifts to near 790 nm when the ionic charge fiftrogen, and helium gas, resp Y

Intensity [a.u.}
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number is 2 for argon and nitrogen gas, and when the
number is 1 for helium gas. The spectrum shifts to
about 785 nm when the number is 3 for argon and
nitrogen gas, and when the number is 2 for helium gas.
When f = 700 mm, the blueshifted spectra are a mix
between the 785 and 790 nm shifts for argon and
nitrogen gas. This is caused by the fact that there are
multiple focus points and, therefore, various focal
lengths due to chromatic aberration and the loose s b L]
focus.  Ionic charge numbers are different at each 1015 101 1017 108
focus point. : Intensity [W/cm®]
The measured data show that the amount of shift (a)

is independent of the pressure, and the amount of shift 12—y
depends on E and f. So, the amount of shift is '
influenced by the intensity and the ionic charge
number at the focus point. Assuming wo = 3f/D, in Fig.
2 we show the amount of spectrum shift with argon
and helium gas. In both cases, the peak of the
blueshifted spectrum strongly depends on the ionic
- charge number, because the gradient scale length, Lo,

[ [y .
4 - lm@Ar3+ »

The amount of shift [nm]
o
4

PR

o F , la@He™ =

The amount of shift [nm]
o
[

is the length of the ionization front of the maximum A~ S——"
ionic charge number at the focus point. Near the Intensity [W/em? ]
ionization threshold, the spectrum shifts between 785 (b)

and 790 nm. This result might be due to the
nonuniform transverse distribution of the laser pulse
at the focus point. This result shows that we can
determine the ionic charge number by measuring the
amount of shift. Moreover, we can adjust the
compressor of the laser pulse because the amount of
shift depends on the ionic charge number and the
pulse width.

Fig.2 The amount of spectrum shift after
passing through (a) argon and (b) helium
gas for E = 10-100 mJ at 20-760 Torr
(2.7><104-105 Pa). The vertical lines show
the ionization threshold for Ar’* and He*",
respectively.

4. Conclusions

In this study, the mechanism of the fixed blueshift is elucidated. The forward scattered radiation
spectrum shifts to a fixed value after the laser pulse has focused in gas. When the pulse is focused using a
convex lens, the amount of shift depends on the pulse width and the ionic charge number at the focus point.
It is expected that the ionic charge number and the laser pulse width can be measured from the blueshifted
spectrum, and the compressor can be adjusted by only measurement of the amount of shift.
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4.5.3 Three-dimensional profile monitor for laser-accelerated electrons

Izuru DAITO, Masaki KANDO, Hideyuki KOTAKI, Shuji KONDO, Shuhe1 KANAZAWA,
Takayuki HOMMA, Atsushi YAMAZAKI, Kazuhisa NAKAJIMA 2

a) JAERI Kansai and High Energy Accelerator Research Organization (KEK)

1. Introduction

Electron beam obtained with an ultra-high power laser is characterized by large energy spread”. In
addition, total charge of electrons could be achieved up to several hundred pC in a duration of less than
hundred fs. Thus it is impossible to measure its energy and position of each electron respectively. In order
to monitor three-dimensional profile (2 spatial dimensions, x- and y-directions, and momentum
distribution) of such kind beam, a new conceptual detection system is required.

2. Concept of detector

The profile monitor consists of many layers of scintillating fibers (SciFi) stacks as a sensitive material,
and lead plates as an absorber/converter. The thickness of SciFi is 1 mm and its cross section is square.
Lead plates are inserted between SciFi layers. The number of layers and the thickness of lead plates depend
on a range of expected electron momentum. The spatial distribution is obtained by scintillating light
distribution between fibers in each layer. The spatial resolution of 1 mm is expected since the thickness of
SciFi is 1 mm. On the other hand, the information of electron energy distribution is obtained by scintillating
light distribution between SciFi layers. To extract momentum distributions of the beam, at first, estimations
of the detector to mono-energy electron responses by simulation is necessary. Energy deposits (= llght
outputs) of laser-accelerated electrons at each layer can be
described by a linear combination of energy deposits of mono-
energy electrons. A function F described below is a difference '
between measured energy deposit and a sum of estimated
deposits at various monochromatic electrons. : .

8
i3

F-3|aEm- iC(Ej)AE..(E,)}

i=1 J-1

slactron numbar (electron/Mev)
5

where AE(i) is measured energy deposit of the beam, which
energy distribution is unknown, on i-th layer. AE(E)is
calculated energy deposits of electron which energy is E; on i-
th layer, C(E)) is coefficient for incident energy E;. By finding )
a combination of coefficient C(E), which minimizes a R N
function F;, the energy distribution can be estimated, i.e., C(E)) e o &9

is corresponding to the number of electrons in each energy ~ Fig 1 : One typical result of the
region. The combination of the thickness of lead plates and 2 gjmulation of electron energy
number of layers should be optimized to the energy distribution obtained by the
distribution of the electron beam expected. detector (asterisk). The solid line

3. Results of simulation corresponds to the incident

A result of simulation using a simulation code electron energy distribution. The
GEANT3.2.1 is shown in Fig. 1. A energy distribution of electron momentum distribution is
incident electrons is assumed Maxwellian distribution, dn/dp,
= N, exp(-p/p,) (solid line). For 200 MeV/c of maximum
electron momentum, 8 layers of SciFi are employed. The thickness of each lead plate is 0.0, 0.5, 1.0, 1.5,
1.5, 2.0 and 3.0 mm. The responses of SciFi layers from mono-energy electrons are calculated at the
energies of 5, 10, 18, 32, 56, 100 and 178 MeV. The estimated energy distribution (asterisks) is good
agreement with the incident electron energy distribution except low energy (less than 5 MeV) region.

assumed Maxwellian distribution.

References
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4.5.4 Calibration of image plate by using electron beams from the microtron

Atsushi YAMAZAKI®, Masaki KANDO, Shinichi MASUDA, Hideyuki KOTAKI,
Takayuki HOMMA, Shuji KONDOQO, Shuhei KANAZAWA, Kazuhisa NAKAJIMA
a) JAERI-APRC and Institute for Chemical Research, Kyoto University

1. Introduction

Image plates (IPs) have come to be used as a monitor for electron profiles and energies, in laser-plasma
acceleration experiments because of its high sensitivity -and high dynamic range. After an irradiation of
electrons, by adding a stimulated lights, an photostimulated luminescence (PSL) proportional to the
deposited energy in the IP is emitted. In order to estimate a number of electrons which pass through the IP
should be examined using a well-known electron source. We have calibrated a response of an IP for 150
MeV electrons from the microtron accelerator’. In addition the energy absorbed in the phosphor layer has

been calculated with EGS4, which is a Monte Carlo simulation code for radiation transport.

2. Experimental _

Image plates (Fyjifilm BAS SR2025) were placed in a vacuum 10
chamber and irradiated by electron beam from the microtron. The
IPs were covered with aluminum foils to avoid exposure from room
lights. Although a charge per bunch from the microtron can be
reduced to 1 pC, its electron density on the IPs are still high
resulting in saturation. Therefore, we used a dark current originates
from field emission in a high electric field of 100 MV/m in a radio-
frequency cavity of the microtron. The dark current has the charge
0of 0.04 pC , the energy of 150 MeV and the time duration of ~2us.

Vertical [mm]
o

Five shots were accumulated in each IP measurement. Readout of 0

PSL from IPs was done with an image plate reader (BAS-1800). 0 5 - 10
The readout times were also recorded to compensate decay of PSL. Horizontal [mm]

3. Results Fig 1. Dark current electron beam

Figure 1 shows electron beam profile accumulated over 5 shots of ~ Profiles. The intensity scale is
dark current, taken with an IP. Both the horizontal and vertical sizes  represented in unit of PSL.
of an electronic beam are about 2 mm. From the measurement, an

conversion factor for a 150 MeV electron is 0.02 PSL/electron. S 025

This value is larger than the value obtained in Osaka Universityz). ‘% 0.2

It is thought that this difference is due to the characteristic of a Py 0.15

image plate reader etc. ' The calculation result of EGS4 is shown in E '

Fig. 2. This result indicates that IP sensitivity has a peak around g 01

300 keV, and nearly constant over 2MeV. By using the sensitivity 2 0.05

curve of the IP obtained in this experiment, the number of electrons 'é_’ 0

can be roughly estimated from the picture of an IP. S 001 01 1 10 100
References Incident electron energy [MeV]
1) M. Kando et al, Proceeding of 25" Linear Accelerator Meeting in Fig 2. A response function of IP for an
Japan, 3 - 11 ) . o electron calculated with EGS4.

2) T. Takahashi et al, Ionizing Radiation, Vol.28, No.2, 203 - 213

(2002) (in Japanese)
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4.6 Advanced Photon Simulation Research
The simulation group for advanced photon science

Mitsuru YAMAGIWA, Akira SASAKI, James KOGA, Kengo MORIBAYASHI, Yutaka UESHIMA,
Takayuki UTSUMI, Takao KONDOU, Kanji SAITOH, Timur ESIRKEPOV, Sergei BULANOV

Some of recent activities of the simulation group for advanced photon science are reported, in
conjunction with intense laser-plasma interaction (Strong radiation reaction, Highly efficient
relativistic-ion acceleration by the radiation pressure and Soliton synchrotron afterglow in a laser
plasma), computational science (Data and task management for experiment and simulation and Solutions
of hyperbolic equations with the CIP-BS method), and atomic process and x-ray generation (Effect of
the satellite lines and opacity on the EUV spectrum of Xe and Sn and Theoretical study for the
application of hollow atom production to the measurement of short-pulse high-intensity x-ray sources).

The effect of radiation damping on a single electron under the influence of a strong electromagnetic
wave is examined by solving numerically the equations of motion describing the damping.

The new regime of the high density ultrashort relativistic ion beam generation from a thin foil by an
ultraintense EM wave is presented. This regime is-called the “Laser Piston” (LP). In contrast to
previously discussed schemes, in this regime the ion beam generationA is highly efficient and the ion
energy per nucleon is proportional to the laser pulse energy.

Intense coherent synchrotron radiation is shown to be generated by the relativistic charge density
wave rotating self-consistently inside an electromagnetic solitary wave, dwelling in a laser plasma.
Solitons are formed because of the nonlinear frequency down-shift of the laser pulse; thus, their
oscillation period is greater than or of the order of the Langmuir period.

The database system for the management of experimental and simulation results, which may
possibly be applicable to the fields of bio and nano technology as well as advanced photon science, is
described.

The Constrained Interpolation Profile - Basis Set (CIP-BS) method is generalized by introducing
matrix representations and clarifying the relation with differential algebra to accommodate it to
nonlinear partial differential equations. The linear and nonlinear partial differential equations are
reduced to ordinary differential equations for values and spatial derivatives at the grid points. It is
successfully applied to the typical hyperbolic equations.

The atomic data and atomic process codes, which have originally been developed for the study of
x-ray lasers, are applied to the investigation of the complex spectrum of Xe and Sn plasmas in the
extreme-ultra-violet (EUV) wavelengths. It is found that the effect of satellite lines and opacity are
essential for estimating the conversion efficiency of the laser pumped Xe and Sn sources.

Theoretical study for the measurement of short-pulse high-intensity x-ray sources through the x-ray
emission processes from multi-inner-shell excited states (1522522p"3s23p,2, k=1~4) and hollow atoms
(1s22523s23p2) of Si is performed. The effect of weak-intensity long-pulse x-rays mixed with
high-intensity short-pulse x-rays and the ratio of the x-ray emission from multi-inner-shell excited states
with that from hollow atoms are discussed. '
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4.6.1 Strong Radiation Reaction

James KOGA, Timur ESIRKEPOV, Sergei BULANOV, Alexei ZHIDKOV?
a) Nuclear Engineering Research Laboratory, Graduate School of Engineering, 'I.'he University of Tokyo

1. Introduction :
With the advent of petawatt level high power short pulse lasers it may become possible via strong

focusing to extend the irradiance to levels close to 10 W/cm? [1]. At such an irradiance electrons can
theoretically reach high energies. Under such extreme conditions the effect of radiation damping on the
electron motion in the intense wave can become large [2]. In addition by using counter-propagating laser
pulses irradiances reaching the Schwinger limit, 10 W/cm® could be achieved with current lasers [3].
.Taking into account coherent radiation effects the damping could be strong even for relatively low
irradiance laser pulses interacting with clusters [4]. Under most conditions here on the Earth radiation
damping is usually a small perturbation. By using high irradiance lasers we can examine the dynamics of
electrons under strong damping conditions. We examined the effects of radiation damping on a single
electron under the influence of a strong electromagnetic wave. The equations of motion describing the
damping are solved numerically.

2. Theory .

The relativistically covariant form of the equation of motion of a radiating electron was first derived
by Dirac, the Lorentz-Dirac equation [5]. This equation is sufficient to describe the damping of a relativistic
electron interacting with an electromagnetic field. However, from a mathematical as well as numerical
point of view there are difficulties. If the equations are integrated forward in time, there is an exponential
blowup in the energy of the electron even if there is no electromagnetic field present. In order to avoid this
problem the equations are integrated backwards in time and the acceleration is required to vanish at infinity.
However, for numerical simulation purposes this is difficult as we need to know the final conditions in
order to do this. If we assume that the damping is a small perturbation, then the damping force can be
expressed in terms of electromagnetic fields only, the Landau-Lifshitz equation. The resulting equation can
now be integrated forward in time. The Lorentz-Dirac equation is the equation of motion for a point
particle. We use this equation to advance the electron forward in
time. In order to check the accuracy of the Landau-Lifshitz
equation we integrate backwards in time with the the Lorentz-Dirac 300
equation using the final solution of the Landau-Lifshtz equations as 260
an initial condition.

350 7 T T T

200

3. Results 150

Fig. 1 shows the interaction of a laser pulse of irradiance 5x10% 100
W/cm? with a wavelength of 3y = 1ym and pulse width of 20fs 50
counter propagating with an electron of energy 150 MeV. In the
figure y is plotted versus x/)\,. These are parameters similar to those
in previous one dimensional simulations{2]. The laser pulse is 0
propagating from the left to the right and the electron, which starts at  Fig. 1 Trace of the electron motion
x/ho equals zero, is propagating from the right to the left. The figure  in the x-y plane where the electron
shows the trace of the electron’s trajectory with damping (solid line)  is propagating to the left and the
and without damping (dotted line). It can be seen that that the laser is propagating to the right.
electron is losing energy as it propagates due to radiation damping.  The solid line is for damping and
We can see. that in the case of damping more than 80% of the the dotted line is no damping.

-20 -18 -16 -14 -12 -10
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electron ’s energy is lost in the form of radiation. However, when we compare the difference between the
Landau-Lifshitz and Lorentz-Dirac backward integrations the differences between the particle motion are
insignificant. This can be attributed to the fact that the Doppler shifted wavelength of the laser is large
compared to the classical electron radius. The higher order corrections to the radiation reaction force are
smaller than the first order terms by a factor of the classical electron radius and, therefore, only for Véry
short wavelengths do differences appear [6]. This is in the quantum regime where both equations of
motion are of questionable validity. .
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4.6.2 Highly efficient relativistic-ion acceleration by the radiation pressure
Sergei V. BULANOV, Timur ESIRKEPOV, Toshiki TAJIMA

1. Introduction

Today thelaser drive of relativistic ions is an attractive goal of the intense laser-matter interaction
physics. Direct laser acceleration of protons to relativistic energies requires intensity I‘,,z4.6x]02
W/em?x(1 pm/A), corresponding to the dimensionless amplitude a=eE/m.wc=m,/m~1836, where E, 4,
and o are the electric field, wavelength, and frequency of the electromagnetic (EM) wave, e and m, are the
electron charge and mass, and m,, is the proton mass. In a plasma, because of collective effects, protons can
gain relativistic energies at much less intensity, about 10" W/em?x(1 pm/A), as is exemplified in the
theory of the strongly nonlinear hybrid electron-ion wakefield induced by a short EM wave packet with the
dimensionless amplitude a greater than (m,,/mg)mz43 and the Coulomb explosion of an overdense plasma
region with the size of a few microns when a relativistically strong EM wave sweeps all the electrons
awayl). In general, the laser-driven ion acceleration arises from charge separation caused by the EM wave.

Here we present the new regime of the high density ultrashort relativistic ion beam generation from a
thin foil by an ultraintense EM wave. We call this regime the “Laser Piston” (LP). In contrast to previously
discussed schemes, in this regime the ion beam generation is highly efficient and the ion energy per
nucleon is proportional to the laser pulse energy.

2. Laser Piston mechanism :

A relativistically strong laser pulse irradiates a thin foil with thickness / and electron density n,. The
laser pulse waist is sufficiently wide, so the quasi-one-dimensional geometry is in effect. The laser intensity
is so high that the radiation pressure is the dominating effect of the plasma dynamics. Thus the foil -
accelerates as a whole in the direction of the laser pulse. It can be regarded as a relativistic plasma mirror
co-propagating with the laser pulse. Assume that the laser pulse is perfectly reflected from this mirror.
According to the Einstein formula, the reflected pulse energy is £c+v)/(c-v)z4y2 times less than the
incident pulse energy &;. Here v is the mirror velocity, y=(1-v /cz)_1 is the corresponding Lorentz factor.
The rest of the pulse energy, i. e. (1-1/4y*) &, is transferred to the plasma mirror. At this stage the plasma
(the electrons and, hence, ions) is accelerated due to the radiation pressure. The radiation momentum is
transferred to ions through the charge separation field, and the “longitudinal” kinetic energy of ions is
much greater than that of electrons. We notice a connection with a mechanism of the ion acceleration
proposed by Veksler”). We note that the specified intensity is close to the limit where individual electrons
undergo a substantial radiation friction effect. However, when the foil is accelerated up to relativistic
energy, this effect becomes weaker because its strength measure, 477,/ 34 A, is reduced by 2y in the foil
reference frame (re=e2/mec2 is the classical electron radius).

3. Three-dimensional Particle-in-Cell simulation

In order to examine the present scheme in three-dimensional geometry, whose effects may play a crucial .
role in the dynamics and stability of the plasma layer under the action of a relativistically strong laser pulse,
we carried out 3D PIC simulations with the code REMP. In the simulations the laser pulse is linearly
polarized along the z axis; it propagates along the x axis. Its dimensionless amplitude is @=316
corresponding to the peak intensity /=1.37 x10% W/cm? x(1 ,u.mM)z. The laser pulse is almost Gaussian with
FWHM size 8Ax254x254, its energy is &=10 kJx(A/1 um). The target is a 14 thick plasma slab with
density n:=5.5x10%2 cm™x(1 zm/A)*, which corresponds to the Langmuir frequency w,=7@. For A=l um
the laser pulse electric field is strong enough to strip even high-Z atoms in much shorter time than the laser
wave period; thus, we assume that the plasma is fully ionized. The ions and electrons have the same
absolute charge, and their mass ratio is my/m,~1836. The simulation box size is 100Ax72Ax724
corresponding to the grid size 2500x1800x1800, so the mesh size is 0.044. The total number of
quasi-particles is 4.37x10°. The boundary conditions are periodic along the y and z axes and absorbing
along the x axis for both the EM radiation and the quasi-particles. Simulation results are shown in Figs. 1-2,
where the space and time units are the laser wavelength A and period 2. Figure 1 shows the ion density
and x component of the EM energy flux density (the Poynting vector). We see that the region of the foil
corresponding to the size of the laser focal spot is pushed forward. Although the plasma in the foil is
overcritical, it is initially transparent for the ‘laser pulse due to the effect of relativistic transparency.
Therefore a portion of the laser pulse passes through the foil. Eventually it accelerates electrons and, as a
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result of the charge separation, a longitudinal electric field is EXB (10
induced. The dimensionless amplitude of the longitudinal
field is =150 corresponding to E=4. 8x10’ V/mx(l Hm/A).
The typical distance of the charge separation is comparable
with the initial thickness of the foil and is much less than the
transverse size of the region being pushed. The ion layer is
accelerated by this longitudinal field. As the foil moves more
and more rapidly, in its proper frame the incident wavelength
increases; thus, the accelerating foil becomes less transparent
with time.

As seen in the cross section of the Poynting vector in Fig.
1, the thickness of the stripes, corresponding to half of the
radiation wave length, increases from left to right (along the x
axis). The Increase 1s weaker at the perip hery. (}n Fhe n=8n, (a quarter removed to reveal
transverse direction); correspondingly, we see distinctive the interior) and the x component of
phase curves. This “anisotropic redshift” results from the the Poynting vector at t=40,
relativistic Doppler effect when the laser pulse is reflected
from the co-propagating accelerating and deforming

Fig. 1 The ion density isosurface for

relativistic mirror. The redshift testifies that the laser pulse is 4- 4 simu;aﬁon I I : .
expending its energy for the acceleration of the plasma mirror, __ 3| — analytics 4_]
as specified above in the LP mechanism. The foil is & | 3% ]
transformed into a “cocoon” where the laser pulse is almost ° 2[ 2% ]
confined. The accelerated ions form a nearly flat thin plate w 1k ;'i'_
with high density. Figure 2 shows the ion maximum energy ok ] 0 20 40 60X

versus time and the ion phase space plot. The dependence is 0 20 20 80 oton

1n1t1a11y linear; at later tlmes 1t scales as 7. The number of
ions in the plate is N=2x10"2, their energies are from 1.4 to
3.2 GeV. The efficiency of the energy transformation from
laser to 1ons is greater than 40%. The ion bunch density is
3x10%" cm™, its duration is 20 fs, its transverse emittance is
less than 0.17 mm mrad.

Fig.2 The maximum ion Kkinetic
energy versus time and the ion phase
space projection (x,p,) at t=80.

4. Conclusion

The Laser Piston regime of ultra-intense laser plasma interaction can be employed in a laser-driven
heavy i fon collider. In the collision of two ion bunches the number of reactions with cross section o is
N= O'N /s where s is the bunch sectional area. Adopting the presented sunulatlon parameters, we obtain N
=2x10"0/cm’. Provided that the energy is high enough so that 6=10">* cm’, we can get about a million
events in a few femtosecond shot. As suggested b 4 Tajima and Mourou®, one can get a short multi-exawatt
laser pulse with sufficient contrast ratio (1072) using the megajoule NIF facility and present-day
technology. Then the resultmg ion bunch energy can be over 100 GeV per nucleon, which is suitable for the
quark-gluon plasma studies”). The laser plston reglrne being one of the examples of what we call the
relativistic engineering, can give us a promising and unique tool for nuclear physics research.

More details can be found in Ref. 5).
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4.6.3 Soliton synchrotron afterglow in a laser plasma
Timur ESIRKEPOV, Sergei V. BULANOYV, Toshiki TAJIMA

1. Introduction

One of the most fundamental results of classical electrodynamics is that a relativistic charged particle,
rotating in a circle, emits an electromagnetic (EM) wave.-In the particle rotation plane this EM wave has a
spiral shape, and it is commonly called synchrotron radiation”. At a remote distance it is seen as a sequence
of bursts passing through the point of observation. The interval between the bursts is the particle rotation
period. The width of each burst is less than the interval between the bursts by a factor of the order of the
cube of the particle Lorentz factor. A rotating compact bunch of charged particles, when the bunch size is
less than the burst width, emits almost coherent EM radiation, whose power is proportional to the square of
the number of particles in the bunch. The synchrotron radiation plays a very important role in cyclic
accelerators of high-energy electrons and storage rings. It affects the charged particle dynamics, e.g., the
- radiation energy loss and the betatron oscillation decay.

Here we show that intense coherent synchrotron radiation can be generated by the relativistic charge
density wave rotating self-consistently inside an electromagnetic solitary wave, dwelling in a laser plasma.

The relativistically strong laser pulse can generate relativistic EM subcycle solitary waves in a plasma,
as was mdlcated by particle-in-cell (PIC) simulations in one-, two-, and three-dimensional (1D, 2D, and
3D) geometries”. Solitons are formed because of the nonlinear frequency down-shift of the laser pulse;
thus, their oscillation period is greater than or of the order of the Langmuir period.

2. Three-dimensional Particle-in-Cell simulation

We performed 3D PIC simulations of a short relativistically strong laser pulse interaction with
underdense plasma. We use the REMP code. In a series of simulations with different initial parameters,
groups of solitons with different frequencies were observed, and their emission (spiral wave) frequency
corresponded to their frequency. Here we present the simulation with the following parameters. The laser
pulse propagates along the x axis; it is circularly polarized, and its peak intensity is 1—7 7x10'
W/em?x(1 zam/A)?, corresponding to the dimensionless amplitude a=eE/m.wc=2, where A and @ are the
laser wavelength and frequency, respectively. Here and below to obtain dimensional values one must
substitute a specific laser wavelength, e.g.,, A=1um. The laser pulse is Gaussian, its duration is
approximately 10 fs, and its FWHM size is 34x54x54, which gives the pulse energy 7 mJx(A/1 gm). Its
focal plane is placed in front of the plasma slab at the dlstance of 5A. The length of the plasma slab is 604
The plasma density is 7,~0.11n.,=5. 5%10% cm” x(1 ,um/ﬂ) and the corresponding Langmuir frequency is
0,~a/3. We make ions an immobile neutralizing background. This approximation eliminates an ion
response; thus, it allows us to distinguish the soliton lifetime limitation due to high frequency radiation, in
contrast to a limitation due to postsoliton formation”. In the simulations the boundary conditions are
periodic along the y and z axes and absorbing along the x axis for both the EM radiation and the
quasiparticles. The simulations were performed on 720 processors of the HP Alpha Server SC ES40 at
JAERI-Kansai. We used 2112x630x648 grids with mesh size A/32 and S. 23x10° quasiparticles. The
simulation result is shown in Fig. 1, where the time unit is the period of the incident EM radiation 2 7.
The laser pulse is introduced into the simulation box at ¢=0.

After a long time after the laser pulse propagation, we see several positively charged (on the time
average) regions in the pulse wake. These regions correspond to almost spherical cavities in the electron
density surrounded by walls of overdense plasma. The typical size of the cavities is approximately 2A4.
Besides the electrostatic component, in these cavities we see the oscillating transverse component of the
trapped electromagnetic field. The period of the transverse component oscillations is Ts=3.4x2 @, which
is 13% greater than the period of the Langmuir wave in an unperturbed plasma, in agreement with the
soliton generation scenario. The typical lifetime of the oscillations is of the order of 20-30 plasma periods.
These coherent entities can be regarded as 3D circularly polarized relativistic EM subcycle solitons.

The cross section of the z component of the magnetic field in the plane (x, y, z=0) reveals well
pronounced outgoing spiral EM wave, Fig. 1. At t=T¢/4 just after emission the magnitude of this wave is of
the order of 3.7 MGx(1 tam/A) or eB./m.c=0.035 in dimensionless units. The spiral wave is also seen in
the cross sections of electric field components. The distance between adjacent spiral arcs corresponds to the
soliton oscillation period Ts. The emission of the spiral wave correlates to the rotation of the electron
density hump in-the cavity wall (in Fig. 1 it is counterclockwise). The density hump consists of
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approximately Ni=2x10%x (1 um) electrons. The
hump gyrates in a circle with radius ~0.464, and the
period of revolution is exactly equal to Ts. The spiral
wave burst width is much smaller than the distance
between the spiral arcs and approximately equal to
Ty~ Tsyh , Where v,~1.89 is the Lorentz factor of the
electron density hump in the cavity wall. The
polarization of the spiral wave corresponds to well
known synchrotron radiation”. We found that the
magnitude of the spiral wave in the simulation is N
times greater than that of the single rotating electron
emission defined analytically =~ by the
Liénard-Wiechert potentials, so the density hump
emission is coherent. Fig. 1 Cross-sections of the magnetic field
This soliton synchrotron radiation cannot be component eB/m.wc (upper frame, linear
attributed to the motion of relativistic electrons due ~ color scale) and electron density n/n.,
to the quasistatic magnetic field generated by the (bottom frame, logarithmic color scale) in the
‘laser pulse. The time-averaged magnetic field in the  Plane (x,5,z=0) at t=82. The dashed line in
laser pulse wake is localized mainly in the electron  the bottom frame repeats the spiral pattern
density cavities, its magnitude is e|Bpa)/m.0c=0.07.  of the outgoing wave. The dash-dotted line
This field is too weak to induce the rotation of the ~ Shows the initial laser pulse axis.
electron density hump, because the corresponding
cyclotron frequency e|Buyaxl/Y.m.c=0.07 w/y, is much less than the frequency of revolution £2=27/Ts=0.29w.
It is important that the maximum Lorentz factor of individual electrons Y, max=1.12 is significantly less than
the Lorentz factor of the electron density hump.
From the analysis of simulation results we conclude that the outgoing spiral EM wave is induced by the
electron density hump self-consistently rotating in the soliton cavity. Such a motion can be regarded as the
surface charge density wave in the soliton cavity wall.

4. Conclusion

We show that a relativistically strong circularly polarized laser pulse can generate circularly polarized
relativistic EM solitary waves. They look like a rotating principal mode of EM fields in a cavity. The
oscillating EM field is associated with a surface density wave in the cavity wall in the form of a relativistic
rotating electric charge density hump, which is significantly faster than individual electrons composing it.
This hump-emits a spiral high-frequency EM wave that can be identified as the coherent synchrotron
radiation. This radiation contains harmonics of the order of vy, 302, and its intensity is proportional to the
square of the number of charges in the hump. This provides a new mechanism of the high harmonic
generation, as distinct from the well known mechanisms such as the nonlinear Thomson scattering, the
“relativistic oscillating mirror”, and the stimulated scattering of relativistically strong electromagnetic
radiation. The discovered effect demonstrates basic properties of nonlinear plasma electrodynamics. It can
be responsible for long-persisting high-frequency afterglow in the wake of relativistically strong EM pulse
in plasmas, since the solitons can stay in a plasma for tens of Langmuir periods. Thus, it is important to
consider this effect in plasma diagnostics in terawatt laser experiments and in the interpretation of
astrophysical observations. More details can be found in Ref. 4).
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4.6.4 Data and task management for experiment and simulation

Yutaka UESHIMA, Kanji SAITOH, Daisuke WAKABAYASHI”, Yukimasa MATSUDAY,
Yasuhiro TAKEDA®, Tomoaki TATSU®, Ryusuke KIMURA® and Hirofumi SHIMOHARA?

a) Research Organization for Information Science and Technology
b) Mitsubishi Space Software Co. Ltd.
c) Fujitsu Tokushima System Engineering Co. Ltd.
d) Oyogijutu System Engineering Co. Ltd.

1. Introduction

Recently a lot of data are being produced because it has become easy to digitize and create large
data after the IT revolution. Since the accuracy of generated data and analysis methods are advancing,
experiments and simulations in the field of bio, nano, and photon technology with quick progress in
speed are opening up new windows of research opportunities. Nuclear engineering, space science and
accelerator physics which are forefront research areas were of large science research style. In these,
the control system of the whole equipment or format of data analysis is planed in the research, and the
database system based on the research plans is developed in the process of design of the research
equipment. v

It is difficult to store data in a database with experimental and simulation results, because the
cycle of change is short in the fields of bio, nano, and photon technology. We have developed a
database system by which research data can be stored and used easily in the fields. '

2. Data and Task Management for Experiment and Simulation
In quickly progressing research the most important things required of a database system are the
following three points.

1) Storing of a lot of unstructured and unsteady data
2) Easily reproducing results and changing of procedures
3) Ease of preservation and reference of data

The developed components to achieve these demands are explained. The problem of "storing of
a lot of unstructured and unsteady data" was solved by developing the database with high flexibility
using XML (Extended Markup Language) and RDB (Relational Data Base) technology. In this
database system, a request is described by the XML format in the application portion, and is changed
into SQL in the database portion. Moreover, the file storing, the backup of data, and the file attribute

" management functions were assigned to independent servers, respectively for large data storage.

Although the problem of "the reproducibility as a result of analysis and visualization portion” is
the most difficult, we have solved it with collaborative operation of the database. Our system
guarantees reproducibility not only by the case of automatic visualization and analysis at the time of
data registration but also in the case of interactive visualization. Moreover, the batch processing
mechanism which enables the same analysis of a lot of data was also developed. The problem of "the
change ease of procedure” was solved by developing a workflow control tool by the JAVA language.
Moreover, those tools can describe various workflows under distributed environment easily, and the
workflow operation can be supervised.

The problem of "the preservation of data" is solved by transmitting a data file to the file server
automatically at the time of data registration. Furthermore, the system which can cooperate with
backup tape equipment was developed so that data restoration could be performed at the time of trouble,
and guarantee of data preservation is strengthened. The trouble in the database itself is also protected
by the backup restoration function by the same structure.

The platform dependability which poses a problem of "ease of access” was decreased by using the
TOMCAT, JAVA, SOAP, etc. which are the standard technology of the Web service. Moreover, the
communication mechanism by SSH and SCP was prepared so that the supercomputer and file server
which are not provided with Web service could also be included in our system. Moreover, even when
the data of a file server disappeared due to a trouble etc., data was automatically restored from the
backup tape at the time of reference. It can be called the pseudo HSM function.
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3. Design Free Database

The highly efficient and stable database software increase recently and a database system can be
individually built now cheaply.  However, most databases are not suitable for the handling of
atypical and unsteady data by the RDB. In construction of a standard of RDB, the modelling of data
and their relation are analyzed first. Next, the table structure of a data base is decided by data
structure. Therefore, changing the design of a data base will occur, when a data structure changes.
That is, a RDB treating irregular and uneasy data is the weakest. There is an object-oriented database
and an object-oriented XML database which are databases good at processing of irregular and uneasy
data. However, the introduction cost of the high performance and quality object-oriented database
system is not small.

We developed a database which can deal with irregular and uneasy data. It applies the XML
technology to the PostgreSQL which is the high performance RDB in the open source database
software. The data for the management of users, security, project types, and projects have the same
structure independent of the type of research. Therefore, a structure of the management data was
fixed and the data was treated in the domain of relational database, i.e., table structure portion. The
reliability of the database was kept by this structure. The detailed data structure not only changes
with the methods and types of the experiment and simulation, but may change as research progresses.
Therefore, the table structure can not correspond to the data structure. Therefore, the XML
technology was used in one simple table, and the data structure was embedded to the inside of the table.
The concrete field of the table is made very general-purpose as follows.

Tablel. Fields of the XML table embedded data structure

Field Self ID XMLtag | Project Parent ID | Value Unit
name ID series ID code
Numeric | Numeric Numeric Numeric Numeric Varchar Numeric
Relation | PK FK1 FK2 FK3

PK(primary key):identical number of this table
FK(foreign key):identical number of another table related with this table

Since the portion which should be built on a relational 2-dimensional table is used as a
1-dimensional single table so that this database has the flexibility for storing atypical and unsteady data,
the reference speed becomes slow and is an important problem. In order to solve this problem, we
developed a function for some improvement in the speed. At first, the CUT-OFF function which
removes unnecessary trees at an early stage at the time of reference was developed. Next, when the
number of reference hits was narrowed down hierarchically, the DROP-OFF function to search only a
respectively required tree of data was also developed. Moreover, an index table was created in order
to discover the branch of the data tree at high speed in the table which stores data. The speed of
reference is shown in the following table.

Table2. Speed of reference in our developed database

Record No. 123940 247880 495760 991520
Image No. 2470 4960 9920 19840
Time[sec] 19 35 59 100

Additionally, in the PostgresSQL, since it has a function which analyzes the data structure and
optimizing data access, it is good to execute the "vacuumdb" command for employing these functions
for database efficiently at the time of new creation, restoration, and large renewal of data. For example,
in our developed database, reference speed accelerated 30 to 50 times by enforcement of the
"vacuumdb" command.

Future Works

If the number of data increases, reference speed of our database will become slow linearly.
However, since the number of the storing tables of real data is one, it is easy to perform parallelization
of reference. Next year, we are scheduled to advance level data distribution by server extension using
the distributed database (PostgresForest) developed in IPA in 2003.
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4.6.5 Solutions of hyperbolic equations with the CIP-BS method

Takayuki UTSUMI, James KOGA, Mitsuru YAMAGIWA, Takashi YABE®, Takayuki AOKI”
a) Tokyo Institute of Technology

1. Introduction

During the past three decades. there has been significant progress in numerical analysis for
hyperbolic equations, especially for hydrodynamic equations. However, nowadays, it is widely
recognized that more robust and efficient methods must be developed to trace sharp discontinuities
of physical quantities such as shock waves or interfaces between different materials. '

As far as incorporating only the values at grid points, it seems difficult to improve grid methods
which exemplify the spectral method's accuracy. Recently, a new numerical method, the CIP-Basis
Set (CIP-BS) method"”, has been proposed ‘by generalizing the concept of the Constrained
Interpolation Profile (CIP) method® from the viewpoint of the basis set. The idea of the CIP method
is that not only values but also their first derivatives are treated as independent variables associated
with the grid point. Although the CIP method is formulated without a matrix form equation, methods
using matrix operations are more advantageous because a number of numerical methods for large,
sparse systems can be adopted. With this view, the CIP-BS method has introduced the polynomial
basis set, by which physical quantities are approximated with their values and derivatives associated
with grid points. The governing equations are discretized into matrix form equations requiring the
residuals to be orthogonal to the basis functions via the same procedure as the Galerkin method. The
CIP-BS method, in which the local polynomial basis functions corresponding to the values and
spatial derivatives at each grid point belong to the complete set and the C* class, is called the
CIP-BS* method. .

Here we present the CIP-BS method can be extended for nonlinear operations on functions in the
framework of differential algebra, can be a universal solver for hyperbolic equations.
2. Numerical solutions

We consider shock tube problems by the hydrodynamic equations. Since the CIP-BS method has

low diffusion some artificial viscosity must be included. However, those introduced by Von
Neumann is not convenient for our purpose due to their non-differentialble property. Therefore, we
have introduced small real viscosity in the hydrodynamic equation. The value of viscosity is
determined so that the thickness of the shock becomes some multiple of the grid interval. Figure
1shows the results for a shock problem with the initial conditions: p=1, u=0, p=1for 0 < x < 1, and o)
=0.125, u=0, p=0.1 for 1 < x < 2. Figure 2 shows the results for a shock collision problem with the.
initial conditions: p=1, u=0, p=2/3 for x < 40, p=0.5, u=0, p=5 107 for 40<x <280 and p=L1.5, u=0,
p=1 for 280 < x < 400. Our numerical simulations show that the CIP-BS method gives fairly good
-agreement with the analytical results, in particular, the correct shock speed and well resolved shock
front. '
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Fig. 1 Shock wave Fig. 2 Collision of shock waves
3. Conclusions
We have generalized the CIP-BS method by introducing matrix representations and clarifying the
relation with differential algebra to accommodate it to nonlinear partial differential equations. The
linear and nonlinear partial differential equations are uniquely reduced to ordinary differential
equations for values and spatial derivatives at the grid points. It is successfully applied to typical
hyperbolic equations.
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4.6.6 Effect of the satellite lines and opacity on the EUV spectrum of Xe and Sn '
' Akira Sasaki

1. Introduction : _

The atomic data and atomic process codes, which have orlgmally been developed for the study of x-ray .
lasers, are applied to the investigation of the complex spectrum of Xe and Sn plasmas in the
extreme-ultra-violet (EUV) wavelengths. It is found that the effect of satellite lines and opacity is essential
for estimating the conversion efficiency of the laser pumped Xe and Sn sources.

2. Emission mechanism '

Figure 1 shows the experlmental and theoretical emission spectrum of Xe. The observed spectrum
shows a predominant peak near 11nm, which originates from 4d-4f resonance lmes of Xe*"'*. Weak peaks
at 13.5, 14.5 and 16nm are attributed to 4d-5p transitions of Xe'®", Xe®" and Xe®", respectively. However,
emission in the 13.5nm band is rather dominated by an unidentified broad structure, Wthh could not be

© . explained by any existing model’.

It is found from detailed investigation of the emission }mes using the HULLAC® code that millions of
fine structure transitions overlaps each other to produce the broad spectrum. In the. high density laser
produced plasmas (n:>10**/cm®), the population in the plasma approaches to LTE, leading the doubly- and

inner shell- excited configuration to have considerable population, which contribute to the emission of
" satellite lines. In particular, as the opacity of the plasma increases, the intensity of resonance lines saturates,
and the intensity of the satellite lines may become comparable to the resonance lines. Figure 1(b) and 1(c)
show calculated radiation intensity and opacity of the Xe plasma, with T,=25eV, and n= 10*!/cm’. Uniform
plasma sphere with a'radius r‘lOpm and LTE population is assumed. It is found that calculated spectrum
- shows reasonable agreement with experiment in Fig. 1(a). It 1s also found that the satellite lines of the
4d-5p transition of Xe®* and Xe10+ and 4p—4d transition of Xe*'” contribute the emission in the 13.5nm
band.

3. Conclusions : :
The present model also reproduce Sn spectra. This implies that similar mechanism of emission based
~ on the effect of satellite lines and opacity apply both Xe and Sn. In the case of Sn, the strongest peak.
appears near 13nm, therefore the spectral efficiency from total emlssmn to the 1n-band emission (13.5nm -
2%BW) is 3% , whereas it is 1% with ) T ) T Y - T
"Xe. The emissivity and opacity of the :
plasma calculated using the present
model will be applied.to the coupled,
radiation hydrodynamics simulation
for the optimization of the efﬁc1ency
of the EUV source.
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4.6.7 Theoretical study for the application of hollow atom production to the
measurement of short-pulse high-intensity x-ray sources

Kengo MORIBAYASHI, Takashi KAGAWA® and Dong Eon KIM”
a) Department of Physics, Nara Women's University
b)POSTECH, Korea '

1. Introduction - '
Recent rapid progress in hlgh intensity laser pulse technolo§y has made possible ncw high-intensity
short-pulse (~ fs) x-ray sources such as from Larmor" radlatlon or radiation damping® due to the high
- intensity laser field. These X-ray sources are useful for (i) inner-shell ionization x-ray lasers’>, (ii) the
measurement of ultrafast processes™® and (iii) the production of photo-ionized plasma™'?. However it is
difficult to characterize the fs pulse x-ray sources because they are mixed with weak- mtensny long-pulse
X-ray emission processes such as bremsstrahlung.

Moribayashi et al. * have found a new characteristic for the productlon of inner-shell excited states
(IES) and hollow atoms (HA) by high-intensity short-pulse x-rays. They have devised a new x-ray laser
scheme using hollow atoms, which originate from inner-shell ionization x-ray lasers pumped by very high
intensity x-rays. In this case, inner-shell ionization processes surpass any other atomic processes such as
auto-ionization and radiation transition processes. As a result, multi-inner-shell ionizations predominate,
leading to the formation of HAs. On the contrary, for an ordinary x-ray source, since auto-ionization, or
radiation transition processes are much faster than photo-ionized processes, further inner-shell ionizations
from IES seldom occur. From this characteristic, we predict that x-ray emissions from HA inform us of the

x-ray intensities of high intensity x-ray sources. In this paper, we discuss their apphcatlon to the
measurement of short-pulse x-ray sources. .

2. Atomic processes’ - :

We study x-ray spectra emitted from IES(1s22522p53s23p) multi inner-shell excited states (MIES)
(1s22s22pk3s23p k=1~4), and HA (1s22s23s23p) of Si produced by high-intensity short-pulse x-rays
theoretically. The initial state is the ground state of the Si atom. We consider photo-ionization (PI),
radiative transition (4r), and auto-ionization (4a) processes. With these atomic rates, the population
dynamics of the various atomic states may be investigated by the following rate equations:

dN - S
‘4:%N+Z%m’ -
dt (k)

where My, o and ﬁnk are the population, decay constant in the  state, and the transition rate from the m-
state to k state, respectively. The photon number is given by

PjN,,Ardt - ,..‘(2)

" where 4r is the radiative‘transitio.n probability from the IES, MIES, and HA. '

3. Results and discussions '

We study the effect of weak-intensity long-pulse x-rays mixed with high-intensity shon—pulse X-rays on
the productlon of IES, MIES and HA. We consider x-rays for a pulse of 20 fs and an intensity of 10’6
W/em® and for pulses of 1 ps and 10 ps and an intensity of

h=nx 1, | 3)

~ where s and I are the intensities of high-intensity short-pulse and weak-intensity long-pulse x-rays,
respectively. Figure 1 shows the effect of the weak-intensity long-pulse x-rays on the production of the IES,
MIES, and HA as a function of n (n—O 001-0.1). In order to show this effect, we introduce the parameter R
deﬁned by ‘ .
o-r)
R==—=%x100, , @)

s

where Y and Ys correspénd to the photon numbers with and without weak-intensity long-pulse x-rays, that

— 58 —
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is, R increases in accordance with the effect of the weak-intensity long-pulse x-rays. Figure 1 corresponds
_ to 1= 1 ps, where #, is the pulse length of the weak-intensity long-pulse x-rays. For small n, n<0.01, the.
values of R for IES are larger than those for MIES and HA. Furthermore, the effect of weak-intensity
long-pulse x-rays on the production of MIES and HA may be ignored because R has small values (< 1 %)
and is almost the same for £,=1~10 ps (not shown here). Therefore, it is found that the x-rays from MIES
and HA are better for the measurement of ultrafast processes than those from IES.

Figure 2 shows the ratio of the x-ray number from the 1s 2s22p3s23p with those from 15725’3s°3p" as a
function of pulse duration for various x-ray intensities of x-ray sources. The ratio remains almost constant
for pulses (>20 fs) and depends strongly on the x-ray intensities. Namely, we may deduce the measurement
of the x-ray intensities of high-intensity short-pulse x-ray sources by using the ratio.
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Fig.1 R vs. n for IES, MIES, and HA, where Fig.2 The ratio of the x-ray number from the
n and R are defined in Eqs 3) and 4, 1522822p3823p state with those from
respectively. N 1s%2s%3s% 3p vs. pulse for various x-ray
intensities (I). '

" 4. Conclusions

We have found that the X-Tays, which are emitted from MIES and HA of Si ions excited by high
intensity x-ray sources, are greatly affected by’ ‘high-intensity short-pulse x-rays and little by weak-intensity
"long-pulse X-Tays. The ‘ratio of the x-ray intensity from HA to that from the MIES becomes almost
independent of the pulses and dependent on the intensities of the X-ray sources. These ratios may be used
for the measurement of intensities of high-intensity short-pulse x-ray sources.
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4.7 High power laser applications
Hiroyuki Daido

“We are investigating the ultra-high intensity laser-matter interaction physics especially for the
relativistic plasma phenoména such as a few tens of MeV x-ray 'ahd particle generation and their
applications. During this fiscal ‘year, we have performed the experiments on energetic particle
gcneratioﬁ by a Ti Sapphire laser at the intensity of ~10"*W/cm. Observed plasmas. have been
characterized with x-ray spectroscopic techniques z;s well as optical probing techniques. We have
also performed rather low intensity femto second laser applications such as an ultra-fast
spectroscopic study, fabrication of nano-cryétals_ by a femto-second laser pulse. Theoretical study on
quantum control of materials by a coherence controlled high 'quzility laser, have also been performed.

Figure 1 shows the direction of ultra high peak power la§ér development which is going into
higher and higher intenéity with shorter and shorter pulse duration. This flow is quite natural like a
water flow from the higher place towards the lower place. Applications of such sources are quite
important to accelerate the laser developments themselvés. Therefore from place to place, we have
to construct dams to reduce the speed of the water flow to absorb other technologies and it should be

mixed with each other for making a really attractive technology for human life.
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Laser power accelerators
{keV X-ray lasers
Neutron sources
' TW b~ : .
§ MeV ion sources
& x—ray sources
v Laboratory
Ppw L Astrophysics
Relativistic
engineering
ewv L r 41

lns Olns 10ps 1ps Olps 10fs Ifs O1fs
" Laser pulse width

Fig.1 Direction of the high power laser development and its applications.
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4.7.1 'Development of laser-driven ion souré_e for compact canéer-therapy accelerator

Atsushi FUKUMI”, Hiroyuki DAIDO, Koji MATSUKADO?, Zhong LI”, Yukio HAYASHI,
Mamiko NISHIUCHI, Satoshi ORIMO, Akito SAGISAKA, Koichi OGURA, Michiaki MORY,
Hisanao HAZAMA, Kenichi TAKAGAKI, Takayuki UTSUMI, Sergei BULANOYV, Timur ESIRKEPOV,
'Akira NODA®, Yoshihisa INASHITA®, Toshiyuki SHIRAI”, Shu NAKAMURA®, Atsushi YAMAZAKI?,
“a) National Institute of Radiological Sciences

* b) Institute for Chemical Research, Kyoto University

1. Introduction ‘

Cancer therapies usmg charged particles such as a proton or heavy ion are recently paid attention. Many
medical facilities using proton or heavy ion accelerators have been working all over the world. A
laser-driven ion source can play a role of compact ion injector and enables us to reduce the size of the
accelerator”. This would contribute to the wider spread of cancer therapy facilities. We have then started a .
project for developing a compact ion accelerator for cancer therapy.

It is well known that energetic ions are emitted from a target irradiated by an ultra-intense laser pulse. - -

Several studies have been reported in the last decade™. A table-top terawatt laser system is rather compact
while it can deliver an intense pulse. Thus it is a possible candidate for the compact ion injector of a
synchrotron without a pre-accelerator or a tandem accelerator.

When an ultra-intense laser irradiates a foil target, suppression of a pre-pulse becomes serious.

 Increasing the intensity, the pre-pulse becomes so intense as to destroy the thin foil target before the arrival -

of the main pulse. One of the ways for solving this problem is to put the pre-pulse to good use for efficient
acceleration of electrons leading to the ion generation®”. In our previous work®, we presented experiments
and 31mulat10ns for testing a model in which the pre-pulse forms a layer of underdense plasma (pre-formed
plasma)” before the arrival of the main pulse. The main pulse consequently interacts with thls pre-formed
plasma. The simulated results were in good agreement with the experimental results.

As the first step for developing laser-plasma ion source, we have performed an expcnment for
generating the energetic ions by using a laser pulse

accompanying a pre-pulse. This also gives us -a lot of > 10 - ' '
information concerning the acceleration mechanism of ions. 2 10tl é‘*‘_‘L T
I ~. . -4~ Ta3um’
) . . g : Tglﬂxr:
2. Experlmental setup 310 ¢
The experiments were performed with a T1 sapphlre laser 2 .t '-} ! R
system, which provided a laser pulse at a repetition rate of 10~ z e Ny I
: : JSIp! Ny N
Hz with a wavelength centered at 800 nm. The pulse duration 3 10’} o -
of 50 fs (FWHM) was measured with an autocorrelator. An § o'l : ’I‘SE,M
s-polarized laser pulse was delivered to a target chamber with § (a) .
E 3
lO ] 1 L L 1
200 mJ after mechamcal]y decréasing the repetition rate to 1 2T o o o o s

Hz. The laser pulse was nonnally focused onto the target with
F/6.5 off-axis parabolic mirror. Thin foil targets used were
tantalum foils with the thickness of 1, 3 and S pm. The focal
spot diameter was 13x18 pm (FWHM) including 44% of. total
energy. This yielded the peak intensity of 1x10'® W/cm®. A
temporal -structures of the. laser pulse in ns- and ps-regions
were measured with:a PIN photodiode and the third order
crosscorrelator, respectively. The pre-pulse caused by a

Number of protons (1/shot/sr/100 ke V)

10}

Proton energy (MeV)

T

Target: Ta 5 um ]
—eo—1x10" W/em?
-0-3x10" W/em?

leakage of the sx_vnch out from regenerative amplifier at _12.5 o \

ns before the main pulse was measured with a PIN photodiode. 5 10} |>L ;
The contrast ratio was less than 10, The contrast ratio of i
amplified spontaneous emission (ASE) in the range of £100 ps 0 =T o5 0T 10 12

from the main pulse was determined to be 10 with the third
order crosscorrelator. A pedestal level around 3 ps after the

Proton energy (MeV)

Fig. 1 Energy spectra of protons
(a) Dependency on target thickness
(b) Dependency on laser intensity

peak of the main pulse was ~107.
To obtain the ion energy spectra and to resolve the ion
species, a Thomson parabola ion-analyzer (8=0.16 T, E=4x10°
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V/m) was placed 180 mm behind the target along the target . 10° -
normal direction. "The angular distribution of ions was glo‘ et Tadum
measured with CR-39 track detectors with a 0.8-um thick 2 * —e— Clockwise 1
alminum range filter, which stops the protons with the 2w}
energies smaller than 100 keV. The CR-39 track detectors £
surrounded the laser-target interaction point at the distance of gl.o 1
500 mm. The degree of vacuum was kept about 10° Torr S0}
during the measurements. About 400 shots were accumulated £ ’ . ot
for each measurment. A pump-probe measurement with an 2 0y

10°

interferometer was also camed out to observe a time evolution -

0 20 40 60 80 100 120 140 160 180
of a preformed plasma profile'® . .

. Angle (deg. )
3. Results ' Fig. 2 Angular distribution of ion

The ions obtained in the expenments were identified to be emission :

- protons using Thomson parabola ion analyzer. They are attributed to contaminations of hydrogen layer on - -
the target. The proton energy spectra obtained are shown in Flg 1. Figure 1 (a) represents a depenidency of
the energy spectra on target thickness. The maximum energies for these targets are similar to each other
while the maximum flux of protons is obtained with a 3-pum thick tantalum foil. In Fig. 1 (b), the previous
data with the intensity of 3x10'® W/cm® ¥ are presented for companson We find that the maximum
energies with the intensities of 1X10'® W/cm” and 3%10'® W/cm? reach 600 keV and 1 MeV, respectively.
Figure 2 shows an angular distribution of protons. The propagation direction of the laser pulse is defined as
an angle of 0°. A collimated proton beam is obtained in the forward direction. Using the interferometer, we
confirmed the existence of pre-formed plasma before the arrival of the main pulse (see Sec. 4.7.3).

In our previous work®, we presented a novel scaling depending on two parameters; a dimensionless
~amplitude of laser pulse and a normalized density integrated along the laser axis. This scaling predicted
“several parameters such as maximum ion energy and conversion efficiency from laser pulse into ions.

Accordmg to the scaling, the maximum proton energies predicted were consistent with the expenmental
ones.
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4.7.2 Laser Produced Ion Beam Transportation
by PMQs (Permanent—Magnet Quadrupole)

Shu NAKAMURA") Yoshihisa IWASHITA®, Akira NODA“) Shinji SHIBUYA?, Koji NODA,
Atsushi FUKUMI®, Koji MATSUKADO®, Hiroyuki DAIDO .
a) Institute for Chemical Research, Kyoto University
b) National Institute of Radiological Sciences
c) Research Foundation for Opto-Science and Technology

1. Introduction _
We could obtain energetic protons by irradiation of an ultrashort intense laser on thin foils™. D_ A tabletop
- laser system w1th the peak power of 3 TW and the pulse duration of 50 fs is used. The laser pulse with peak
intensity 6. X 10" W/em® is incident at right angles onto the 5 pum thick Ta foil targets. Protons with
energies up to 1MeV are detected with a Thomson parabola ion energy spectrometer. An emission angle of
produced ions is 10 ° (FWHM). For the purpose of application of laser-produced ions, it needs to transfer
ions from a focus spot where ions are produced to the place of real usage. Conseqzuently, we plan to collect
jons that have divergence within + 5° by PMQs (Permanent Magnet Quadrupole) installed in the vacuum

vessel for laser irradiation on the target )

2. Simulation :

We perform a TRACE 3-D® simulation code using a transfer matrix. Magnetic fields in PMQs are
optimized to make a proton beam at 500keV and an angle within * 5° be parallel beam. The result of the
simulation is presented in Fig.1. The parallel, focus and defocus lines show the proton beam envelope at
500keV, 475keV and 525keV. Comparing a triplet PMQ (see 'in Fig 1-(a)) with a quartet PMQ (see in Fig
1-(b)), we propose that the quartet PMQ be better than the triplet PMQ -from the view of creating axially
symmetric beam. The diameter of the parallel beam in the quartet PMQ is about 3cm. ThIS is small enough
for injector for ion accelerators.

‘(a)Triplet

50.00 mm (Horiz)

50.00 mm (Vert) . Length=_2000.00mm

(b)Quartet )
50.00 mm (Horiz)

50.00 mm (Vert) ) . Lengtfl= 2000.00mm

Flg 1 The result of the TRACE3-D simulation :
The upper side shows a horizontal envelope and the lower side shows a vertical envelope.
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4.7.3 Observation of preformed plasma of metal foil target for laser-plasma.interaction

Akito SAGISAKA, Hiroyuki DAIDO, Koji MATSUKADO »_ Atsushi FUKUMI a), Zhong L1 )
Koichi OGURA, Satoshi ORIMO, Yukio HAYASHI, Mamiko NISHIUCHI, Michiaki MORI,
Shu NAKAMURA Y, Kenichi TAKAGAKI, Hisanao HAZAMA, Masayuki SUZUKI ©,
Takayuki UTSUMLI, Sergei BULANOY, and Timur ESIRKEPOV,

a) National Institute of Radiological Science, Japan-

b) Institute for Chemical Research, Kyoto University
c) Institute for Solid State Physics, University of Tokyo, Japan -

1. Introductlon :

High-energy x-rays, electrons, and ions from a high- mtensxty laser-produced plasma have been observed.
Matsukado et al. reported the production of high-energy protons with a Ta plasma by using the
high-intensity Ti:sapphire laser”. To interpret the experimental results, they proposed the ion generation in .
the preformed plasma slab created by a prepulse. The experimental results indicated that the
characterization of preformed plasma was essentially important. :

In this experiment, we measured the preformed plasmas of a Ta foil target produced by a high- mtensny

'

2. Experiment ,

A linearly polarized commercial Ti:sapphire laser was used at the wavelength of 800 nm. The pulse
duration of 50 fs (FWHM) was measured by an auto-correlator. The temporal shape of the laser pulse was
composed of prepulses such as the leakage of the switch out from the regenerative amplifier, continuous.
nanosecond duration pulse came from the amplified spontaneous emission (ASE), and the picosecond
pedestal component In this laser system, the contrast ratio of a prepulse at ~12 ns before the main pulsev
‘was ~10™. The contrast ratio of the ASE and the picosecond pedestal component were ~10° and ~10~,
respectively. The laser beam was divided into pump and grobe beams. The pump beam was focused by an
off-axis parabolic mirror, giving the peak intensity of 10" W/em?, On the other hand, the probe beam was
used for interferogram. The interference fringes were produced by using a Fresnel blpnsm and detected by
a CCD camera®.

3. Results

Figure 1 shows the interferogram with a
preformed plasma of a 3 pm thick Ta foil target. It
was taken at the time of ~20 ps before the main
laser pulse arrived. The arrow shows the direction
of the laser pulse propagation. The target surface
corresponds to the left-side edge of the figure. In
this case, the intensity of the main pulse is ~1 %
10'® W/em’® and the prepulse intensity is ~1 x 10
W/cm’. The preformed plasma size of ~150 um is.
larger than the x-ray image size observed by a
pinhole camera filtered with an 0.8 pm thick Al
We also detected the electrons with energies up to
~2 MeV and the protons with energies of ~0.5
‘MeV in this preformed plasma condition. The

-preformed plasma definitely plays an important
role for laser-matter interactions such as x-ray and  Fig. 1 Interferogram of the preformed plasma
particle generations. We will characterize the  for a 3 pm thick Ta foil target.
electron density dlstnbutlon of the preformed
plasma. »

Laser

100pm
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4.7.4 Simple method to estimate the radiation dose generated by high field science

- Yukio HAYASHI, Atushi FUKUMI”, Koji MATSUKADO®™”, Kouichi OGURA, Michiaki MORI, Mamiko
NISHIUCHI, Masataka KADO, Akito SAGISAKA, Satoshi ORIMO, Zhong LI”, Hiroyuki DAIDO,
Hideyuki KOTAKI Masaki KANDO, Shuji KONDO, Shuhei KANAZAWA and Izuru DAITO

a) National Institute of Radiological Sciences
1. Introduction

Recently new techniques of the short laser . - Acceptance at the
pulse generation and development of high _ measurement area: 0,
. quality crystal for lasers enable the o : : :
“construction of high power short pulse laser 00 : |—| S
. system. These laser systems have been o o > :
applied for generating the high-energy 00 , e T
particles. The electrons with energy higher © : o .
than 1MeV were observed by use of these  High-energy : I
lasers. Kmetec et al. " detected high-energy - €lectrons High Z target - Measurement
photons > 1MeV generated with these lasers. . ' area

The phenomenon is-due to the interaction , . :
between the target and the hlgh power short  Fig 1 The geometry of the electrons and the target
laser pulses:. — -

These high-energy particles have a very :
short pulse width. For example, the pulse width of photons is shorter than Ins (sometlmes shorter than
10ps). This pulse width is suitable for a radiation source to study ultra fast phenomena  and it is applicable
to various fields. The high power short pulse laser with a target is regarded as a new type of radiation
source. However little discussion has been made on the photon dose generated by a high power laser. This
paper introduces calculation method of photon dose generated by a high power laser plasma mteractlon and
its apphcablllty to radiation safety

2. The dose calculation
2.1 The calculation model for the dose
We consider the photon dose it the case that the energy spectrum of the e]ectrons can be approximated as

. the relativistic Maxwell Boltzmann distribution with the electron temperature T, (MeV). We also assume

the photon dose is due to the electromagnetic interaction between the target and the electrons. Geometry of

the calculation model is as follows: the incident electrons are injected into the normal direction for Ta target

surface and the target thickness is equal to the electron range with mean energy. The dose was estimated in

the forward direction within the acceptance angle B, This model is illustrated in Fig.1.

2.2 The dose estlmatlon by modified well-known formula -
First, the photon dose formula in the forward direction proposed by Swanson ~ was used. This equation
-was obtained by the experimental results on photons produced by the mteractlon between mono energetic
electrons and a target. , \
Thus the equation was modified for the electrons whrch had the relativistic Maxwell Boltzmann
energy drstnbutlon Then following equation was obtained:

3)

H(T,,)=4-6>?10" P/(Th x R%)

x [-exp(-20.0/T,)(1.6x10* +6.4x10°7,

+1.76x10°T,” +3.36x10T,” +40.8T,* +2.47,°) + 2.4T,), , (1)
where H(T},) is the photon dose in Sv, P is the total energy in J and R is the distance from the target in cm.
This is the simple method to calculate the photon dose.
When the electron temperature is very high (Th>5MeV) the photon dose can be written as simpler form as

follows:

H(T,) = (5.33x10"? P/ RY)x T;,, ' ' B @
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This has been obtained from equation (1) with Taylar
expansion. The equation (2) shows that the photon dose
is proportional to the electron temperature, when the
electron temperature is high enough. The relation
-‘between the electron temperature T, and the photon
.dose is plotted in Fig. 1 at P=1J and R= 100cm. At the
temperature higher than ~ 5MeV, the photon dose can
be estimated by the equation (2). The equatlon (1) and
(2) are plotted in Fig.2. .

H(T h)' (sv)

2.3 The dose estimation by Monte Carlo simulation
code EGS4.0 . -

We also have performed the calculation with Monté .
Carlo Simulation code EGS4.0 “ to obtain much more .0 5
information and to cheek the result obtained in the
previous section. The acceptance angle 9, is shown in
Fig.1 and it is described as '

10 15
T, MeV)
Fig.2 The equétion (1) is fepresenied as the solid
line and the equation (2) as the broken line.
=(180.0/7)x(m,/ E, pun) deg, 3)
where m, is the rest mass of the electron and Ee¢ mean 1S the mean energy of the electron. The angle

corresponds to the critical angle " for the méan energy of electron E, .,. The result of photon dose
calculated by EGS4.0 and the equation (1) are shown in Table 1.

Table.1 The calculations have been performed under the condition of P=1J and R=100cm. ' \

Th MeV) ‘ 1.0 3.0 5.0 80 | 100

Dose H(Ty) 0.16 0.98 2.17 4.42 5.97
* with EGS4.0 (mSv) ‘ , o

Dose H(Th) 0.11 0.86 1.64 2.67 | 3.34
with equation (1) (mSv) . ‘ ’

3. Summary :
We have obtained the simple formula for dose calculation of high intensity laser-matter lnteractlon We

found that the photon dose was proportional to the electron temperature Ty, when T, was higher than SMeV.
The result of the formula has a similar dependence to the result obtained by EGS4.0, although the latter is a
little higher (1.8-times at the maximum) than the former. The dose calculated by EGS4.0 is a factor <2
larger. Probably because the dose calculated by empirical formula is based on the experimental results with
larger acceptance angle, which includes smaller dose components in the emission solid angle. We confirm .
that the formula with safety factor 1.8 is acceptable to calculate the photon dose generatcd by high intensity
laser-matter mteracnon
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- 4.5 Measixrement of Energy Spectrum of Positron

Zhong LI?, Hiroyuki DAIDO, Koji MATSUKADO?, Atsushi FUKUMI®, Yukio HAYASHI
Satoshi ORIMO, Akito SAGISAKA, Koichi OGURA, Hisanao HAZAMA, Kenichi TAKAGAKI
Mamiko NISHIUCHI, Michiaki MORI
)Natlonal Institute of Radiological Sc1ences 4-9-1, Anagawa, Inage, Chiba, 265-8555, Japan

The pos1tron source has applications in physics research, material science, and biophysics efc. It can be
produced from radioactive or through pair creation in high-Z target by high energy gamma rays or electron
beam. It is known that an intense high energy electron beam can be produced from a plasma irradiated by
an ultra-intense short laser pulse. The intense electron beam can bring out bright positron beam via pair
creation in heavy atomic number target. It provides a simple way to produce bright positron beam and
promotes the applications of positron. The cross section of the pair creation depends on the energy of the
electron. An energy spectrometer to determine the energy spectra for both of electrons and positrons can
study the pair creation driven by an intense energetic electron beam from laser-plasma interaction. We
improved our electron energy spectrometer to determine the energy spectra of both electrons and positrons
- for this goal. The lmproved energy spectrometer was tested and calibrated with a *Na posnron radloactlve
source. . : v - .

The *Na posxtron radioactive source is packaged in a
cylinder with a diameter of 20mm for active area. The
activity of the source is 0.118 MBq after time calibration. The
energy spectrometer is a magnetic energy spectrometer. The
magnetic ﬁe}d is induced by a pair of permaner‘lt'magnet's. B e I T R

The ‘magnetic field at thq center of tl}e magnetic cavity i pjg ] Shadow on imaging plate of
1200Gauss. ~ The - detector is an imaging plate typed  poitrons from a Na radioactive source.
BAS-SR2025 produced by Fujifilm Co. Ltd., which is placed
under the magnets with a distance of 20mm to the axis of the
collimator. The measurable energy range for positron with a
100mm long imaging plate is from 150keV to 8MeV. There is
a collimator with a length of 460mm and a diameter of Smm
before the magnetic field. The ?Na positron radioactive
source was fixed at the front terminal of the collimator. The
solid radian of the energy spectrometer to the radio source is
7.38x10°Sr. The posnron flux entered the energy 0.0
spectrometer is 5.42x107%e"/s. 10

The positron trace on the imaging plate exposed 6 hours T
is shown in Fig.1. The energy spectrum after time calibration F1§ -2 Energy spectrum of positrons from

0.8 v 5

4

e
o

o
F'S

Intensity(PSU/(keV))
Intensity(e'/keV)

10 10
Energy(keV)

(star mark) is given.in Fig.2 together with an ideal energy Na radioactive source described in the
spectrum (solid line). The sensitivity of the imaging plate to _ text.
the positron has a maximum value around 0.\16»PSL/e+ at 14 e rrer——r—rmrrrvm 160
.200keV. It goes down rapidly at low energy side and slowly 12F J140
at high energy side. The energy spectrum of the electrons o {120
from *°Sr-*®Y source exposed 5 hours at the same condition is £ .t J103
given in Fig.3 with the same marks as in Fig.2 for comparing £ } Jeo0 %
the sensitivities of the imaging plate to electrons and % °f 160 %
positrons. We can find the sensitivity of the imaging plate for - é M {4 £
positrons is similar to that for electrons. The sensitivity of the ~ ~ 2] 1%°
0 0
1

imaging plate for electrons also has a peak around 0.09PSL/e”
at 200keV, which is lower than that for positrons. While a Energy(kev)
positron injects into the imaging plate, it will produce gamma
rays in the imaging plate and deposit more energy in the
imaging plate in contrast to an electron with the same kinetic
energy. It causes that the imaging plate has a higher sensitivity for positrons than that for electrons.

The experimental result confirms that the imaging plate can be applied to detect the positron. Our
energy spectrometer can determine the energy spectra of electron and positron to study the pair creation by
high energy electron dnven by an ultra-intense short laser pulse.

-]

Fl% 3 Energy spectrum of electrons from
Sr->°Y ,, source described in the text.
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4.7.6 Production of fast electrons accelerated by the ponderomotive pressure

Michiaki MORI, Hiroyuki DAIDO, Yuji FUKUDA, Koichi OGURA, Yukio HAYASHI,

. Masaki KANDO, Shinichi MASUDA, Takayuki HONMA, Yutaka AKAHANE,
Hiromitsu KIRTYAMA, Norihiro INOUE, Hideki UEDA, Koichi TSUJI, Yoshiki NAKAI,
YoulcleAMAMOTO Hideyuki KOTAKI, Shuji KONDO, Shuhei KANAZAWA,
and Koichi YAMAKAWA
1. Introduction : :

In production of energetic electrons by using ultra- hlgh intensity laser plasma interactions,’
ponderomotive acceleration process is important role above intensity of 10" W/ecm®. We report on
the experiment of the ponderomotive acceleration in APRC.

2. Ponderomotive acceleration :

At non-relativistic intensity (i.e. normalized vector potential: a,<1) and continuous wave in time
and space, a motion of the electron driven by electro-magnetic wave is dlmost linear in lab frame.
-However, at relativistic intensity (i.e. ap>1), the relativistic effect and vxB -acceleration effect
cannot be ignorable. Moreover, the spatial profile of the laser plays an important role to define the
- trajectory of electron (i.e. ponderomotive force). From these reasons, trajectory of electrons has a

~ forward component to the laser propagation. Many papers'™ were discussed energetic electron -

generation by the ponderomotive acceleration process in several conditions. From these predictions,
accelerated electrons strongly depended on the laser intensity. focus, or the pulse duration of the
laser. This research is interesting not only for the ultra-high laser-plasma interaction studies but also
particle accelerator studies. So, we have expenmentally studied on ponderomotlve acceleratlon since
this fiscal year.

A schematic of the experimental apparatus is shown in Fig. 1. The experiment was performed
with Ti:Sapphire CPA laser system delivering pulses with a duration of 23fs, a repetition rate 10 Hz,
and an energy of 400mJ. A laser pulse was focused to be 10 micron in diameter with an f/3 off axis
parabolic mirror in vacuum. Then the peak intensity in vacuum was estimated to be 2x10"° W/cm?,
The gas jet (HFC-152a gas) was produced by a pulsed gas valve in the target chamber. The pulsed -
gas valve has a 1-mm-diameter orifice. The backing pressure was ﬁxed to be'S atm in absolute unit
(Then the average atomic density was estimated to be 10" cm™). A prepulse ratio was 10°.
Accelerated electrons were observed via stacked imaging plate (Fuji Film; SR2025) placed behind
‘the interaction pomt In Fig. 2, it is shown observed accelerated electron image (E>25keV) under
- such -condition. A ring shape pattern was observed. It is in good agreement with theoretical
‘predictions of the relativistic ponderomotive acceleration. However, at secondary imaging plate
~ (E>400keV), it was no observed signals in such expenmental condition. Therefore, we observed
electrons energy with <400keV predominantly.

Interaction
beam

1:3 parabola i

+ Fig. 1. Schematic of experimental setup. Fig. 2. Image of accelerated electrons (E>25keV).
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4 7.7 Soft X-ray Emission in the Water Window from a Double-stream Gas-puﬂ’ Target
Irradiated with Nd:YAG Laser

Koichi OGURA, Hisanao HAZAMA, Kenichi TAKAGAKI, Etsuya YANASE,
Sadao HUJII, Henryk FIEDOROWICZ and Hiroyuki DAIDO

1. Introduction : )
The soft x-ray in the water window spectrum (2.3—4.3nm) is an‘area where carbon absorbs more x-ray than water.

Thus one can clearly take images of protein in a water. Such an x-ray can be produced by high-power laser irradiation
of a-solid target. When the solid target is irradiated, the debris is generated. The debris causes the degradation of the
x-ray optical elements and the reduction of the efficiency of focusing optics. Therefore it is necessary to develop a target
which will not generate any debris. Though a gas-puff target dose not generate debris, the intensity of the x-ray is
smaller than that of the solid targets. Recently, the double-stream gas-puff target, which produces a high plasma in
. comparison with that produced by the single nozzle gas puff target, . has been developed. Fiedorwicz er al
investigated the x-ray emission in the 1.0 to 3.5 nm wavelength range from N, or Ar gas target  irradiated by focusing
a 1 ns Nd:glass laser pulse with an energy up to 10 J”. Suzuki et al. investigated the water window x-ray from a
double-stream gas target created using Ar, Xe, Kr, and N, irradiated by focusing.a 8 ns laser pulse energy up to 0.7 J
produced with a commercial Nd:YAG laser”. In their experiments, x-ray intensity of the water window was much
lower than that from a solid carbon target. The intensity of the emission in the water window was only about 2 times
higher for the double-stream target than for the single nozzle gas target.
_ Here, it was demonstrated that the intensity of the x-ray in the water window from a double-stream gas-puff target
wasenhanced about 7 times as high as that from the single nozzle gas target using a commercial Nd:YAG laser. .
2. Experimental '

The valve system consists of two combined solenoid valves and a double-nozzle setup. The nozzle setup consists of
two coaxial nozzles. The outer nozzle in the form of a ring with outer/inner diameter of 1500 and 700 mm, respectively,
produces a hollow. cylinder of a low-Z gas (He). The inner nozzle is a circular orifice of 500 mm in diameter, through

- which high-Z gas (Xe, Ar, Kr, N,) is injected into the outer gas stream. The gas backing pressure in both valves was 10 -
atom. The diameter of the orifice of the inner nozzle was 1.25 times larger than that in Suzuki’s experiment so that

" the mass-density along the axis of the nozzle is about 1.6 times higher than that in Suzuki's experiment. The target

was madlated by a 2 ns commercial Nd:YAG laser pulse with energy up to 250 mJ at 1.06 wm wavelength.

" 3. Results " '

Typical spectra for an Ar/He target and a Kr/He target are shown in fig.1(a) and

6000
" (b), respectively. For comparison spectra from an ordinary Ar and Kr targets are 2
also shown in fig.1. The enhancement of the x-ray in the water window have been :‘;; 4000
observed for the double-stream target compared to the single nozzle target. The g 2000 .
spectra from Kr target is broad as compared with that from an Ar target To £ [7

‘compare the x-ray produced from a double-stream target with an emission from a

(=
a

solid target, spectra from Au (100um) imradiated under the same condition and %: oo Tke Ol ke
measured same spectrometer are shown in fig. 1. These results show that the laser £ m M" ”"' sc&’
irradiated double-stream gas-puff target is effecticient debris-free x-ray source in %m r)

the water window which is applicable to for a microscope and other =

applications. "z 5

Wavelengm (M)
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4.7.8 Development of a laser plasma x-ray microscope for live biological specimens

Masataka KADO and Hiroyuki DAIDO

1. Introduction

- Investigating the structure and the function of life object performmg advanced life activity" becomes
important. In order to investigate the life object, it is necessary to observe living specimens with high
spatial resolution and high temporal resolution. Since laser plasma x-ray source has high brightness and
short pulse duration, x-ray microscope with the laser plasma x-ray source makes possible to observe living
specimens. Such as chromosomes, macrophages", bacterium””, and so on have been observed by contact
x-ray microscopy. The x-ray images obtained by -indirect measurements such as the contact x-ray
microscopy have difficulty to avoid artificial effect such as irregular due to developing process.
Development of an x-ray microscope with laser plasma x-ray source is necessary to avoid such defects.

2. Design of the x-ray microscope D
The x-ray microscope is consisted of a laser © X-ray CCD camera -

plasma x-ray source, a spherical multilayered Pixel size : 13um

X-ray mirror as a condenser lens, a micro zone (1000 x 1000)

plate as an objective lens, a specimen holder to

keep wet specimens in vacuum, and a back

illuminated x-ray CCD camera. Shown in Figure 1 40cm

is the schematic view of the laser plasma x-ray

Fresnel zone plate
Magnification : 100, 200, 400, 800

laser pulse produced by a Nd:glass laser system.
The x-ray emitted from the laser plasma is focused:
with the condenser lens on to the specimen. The
x-ray image of the specimen is magnified with ' Central stop
objective lens to the x-ray CCD camera. The x-ray  Pulsed laser Y
) . . . D Focusing size : 50pm
source size is 50um in diameter. The _

magnification of the condenser lens is 2 and the

- magnification of the objective lens is 200. Since
the Pixel size of the x-ray CCD camera is 13pm
and pixel number is 1000 x 1000, the field of view
of the microscope is 60um. The specimen holder
is consisted of two Silicon Nitride thin films and
sandwich the wet specimen to avoid the wet
specimen to be exposed to vacuum.

v specimen 'S

Rotating target

20cm 40cm

‘\ : Multilayered x-ray mirror

Fig.1 A schematic view of the X-ray microscope

3. Calculation of the photon margin

The laser energy to be focused onto the Yttnum target is 6] at 527nm in wavelength, which is ‘the
second harmonics of Nd:glass laser. The laser intensity on the target is going to'be 3x10"*W/cm’ since the -
laser focusing size is 50um in diameter. The x- ray conversion efficiency into the so-called “water window”
x ray (2.3-4.4nm) is about 10%. The spherical multilayered x-ray mirror is placed 20cm away from the
x-ray source and the diameter of the mirror is 1.6cm, which gives a solid angle of 1. 6x107str. Since the.
spectral width of the multilayered x-ray mirror at 300eV is about 0.08nm with 50 layer pairs and the
reflectivity at 300eV is about, 10%, the photon number at the specimens is calculated to be 7. 62x10'°
photons. The x-ray photons are attenuated by 25% with two Silicon Nitride films with thickness of 100nm
and 12% with water layer of Sum. The x-ray photons are also attenuated by 40% with a Titanium filter with
thickness of 0.4pum which blocks visible light. Since the efficiency of the micro zone plate is about 20% the
photon number at the x-ray CCD camera is about 1. 83x10® photons and the photon number at each pixel of
the x-ray CCD camera is about 77.3 photons/pixel, which will make clean images of the living specimens.
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4.7.9 Selective excitation of atoms by quantum control methods

Yoshiaki TERANISHI

1. lntroductlon

Recently, there has been a growing interest, both expenmental and theoretical, in controlling atomic and
molecular processes by laser fields. This is basically due to the fact that the recent remarkable progress in
laser technology has opened new possibilities of realizing it. Utilizing the coherence of laser field together
with the quantum property of the target, more effective and precise control is expected.

In this study, we discuss excitation processes of Cs atom by phase-locked pulse pairs. 'Due to the ,
quantum effect, it is made possible to select the final state out of the closely-lying spin-orbit states which .
splitting is much smaller than the bandwidth of the light source. Our theoretical results are compared to
relevant experimental results. '

2. Control scheme

We apply a phase-locked laser pulse pair (center wavelength = 770 nm, bandwidth = 380 cm’ to Cs
atoms in their ground states (6S,,,). From the spectroscopic point of view, Cs atom can be excited into’ both
7Dsp and 7D+, states. For the selective excitation, we have to adjust the phase difference of the pulse pair
to wipe out the amplitude of the wave function in either excited state. In order to simulate this process, we
solved time-dependent coupled channel equations including 18 states from 6S to 9S for Cs atom.

3. Results

We calculated excitation probabilities as functions of the laser intensity, time delay, and the phase

difference of irradiated pulse pair. Figure 1 shows the calculated excitation probabilities induced by a pulse

pair (intensity = 0.1 GW/cm2, delay =300 fs) with various phase difference. In Fig.1, experimental results”
are also shown for comparison. As shown in the figure, our results agree well with the experimental results,
and excitation into either state is almost completely suppressed, which means selective excitation is
realized with high accuracy It should be pomted out that the absolute values of the excitation probability
are very small (~ 10° )

In order to obtain much higher probablhty, we have to increase the peak mtensny .The selecnvny,'
however, becomes worth due to the nonlinear effect. Figure 2 shows an example of high intensity case
(15GW/cm?). Excitation probability is hlgh while suppression is not complete. This nonlinear effect can be
surmounted by applying chirped pulses?.

71078 : 0.25 :
. o,.. ® 7D(3/2)-400fs (exp) ' . ———17D(3/2)-400f5-158 (calc)
s| 2 o © (5/2)-400fs (exp) R EEEE 70(5/2) ~400f5-156 (ca Ic)
6107 -/ . |——7D(3/2)-400fs (calc)
& |- 7D(5/2)-400fs (calc) . 0.2
510%5¢
41075 L 0. 157
-5
310 0.1
21078
0.05
11078
0 - H : 0 L il L 1
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
' phase difference/ = : phase difference/ x
Fig.1 Excitation probabilities as functions of Fig.2 Calculated excltatlon probabllmes
phase difference : in the case of high intensity (ISGW/cm )
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4.7.10 Reflection of a high intensity laser pulse at the plasma-vacuum mterface
Generatlon of attosecond pulses

Alexander PIROZHKOV, Hiroyuki DAIDO,_Sergel BULANOV

1. Introduction '

RecentlyH), the method of attosecond pulse generation using several high-order harmonics of a laser
radiation” was experimentally fulfilled using noble gases as generating media. The energy of harmonics
generated in gases was rather low. The energy of harmonics of a relativistic laser pulse reflected from a
solid target, in contrast, can be as high as several mJ in the 10-30 nm region (2n sr) For this reason, use of
high-order harmonics from solid targets for the generatlon of attosecond pulses is of considerable interest.

One of the models accounting for the emission of hlgh-order harmonics during the reflection of a
relativistic laser pulse from a solid target or a thin foil is a model of oscillating mirtor ). In this model, the -
target is represented by a thin layer of electrons, which oscillates as a whole under the mﬂuence of the
incident laser pulse. Such collective behaviour of electrons is justified by PIC simulations”®. Due to the
relativistic intensity of the laser pulse, electrons oscillate not only in the plane of the layer, but also along
the direction of a wave vector’). This oscillation leads to a Doppler up- and down shift of a frequency of a
reflected electromagnetic wave. This model is applicable when the influence of ions and the back reaction
of the reflected radiation are negligible, -so the normalized plasma density & = @l /(2anc) << 1. Here, wy
is the laser frequency, c is the speed of light, w, = (41me2/m) is the plasma frequency, » is the electron -
density, e is the electron charge, m is the electron mass, and / is the thickness of the plasma layer.
Generation of attosecond pulses in the case of an underdense plasma with <1 was considered i in Ref. 10.
We consider the reverse case of an overdense plasma with g>1. -

2. Nonlinear boundary conditions for the laser pulse reflection at the thin plasma layer

We adopt the model of the electron layer with a constant density. In the case of an overdense plasma
considered here, the electron layer cannot be separated from the immobile ion layer, therefore electrons
cannot move in the direction perpendlcular to the plasina layer. However electrons can move along the
layer.

- We consider a plane electromagnetic wave with a wave vector ko = {wo/c cosb, wolc sinb, 0} obliquely
incident on the foil located at x = 0. Here, @ is the incidence angle. We perform the Lorentz transform from
the laboratory reference frame into the reference frame moving along the y axis with a velocity V' = c sind.
In the boosted reference frame, the field amplitude is Ey" = Eycos6, the frequency is wq' = woc050 the wave
vector is ko' = {wo/c cosé, 0, 0} and therefore the wave propagates along the normal to the foil'". A prime
denotes quantities in the boosted reference frame. -

The dimensionless vector potential @'(#') taken at the foil position x = 0 can be found from equatlon

d'(t')+8o{[po +a' (t) 1+[;0++p0( )]2 —po} (t') ‘ M

Here, ao'(¢) is a vector potent1a1 of the incident pulse at the foil position, po = {0, - tanH 0} is the
electron momentum in the absence of the electromagnetic field in the boosted reference frame, and #' is
measured in the units of 1/wo. We use dimensionless units, where velocities are normalized to ¢, momenta
to mc, fields to mcwo/e, and vector potentials to mc*/e. The electric field of the reflected wave is

e'lx,z') = é‘o{[po + a’(t'+)e)]J 14p; 7 - po}. Q)

14 [po +a' (r+x

3. Generation of high-order harmonics

Equation (1) was numerically integrated for the case of a p-polanzed laser pulse. with its amplitude
a=eEy/(mcw,) = 8.8, duration 7o = 15/cwo (we use FWHM pulse duratlons) the incidence angle 6 =28.6°. If
Ao = 800 nm, this corresponds to the intensity of about 1.6:10%° W/cm® and to the pulse duration of 6.3 fs.
-Reflected pulse spectra calculated in the laboratory reference frame are shown in Figure 1. The normalized
~ plasma density in the layer is & = 8.8 (curves 1 and 2) and 13.2 (curve 3). The high-order harmonic
intensity decreases with plasma density. Note that in the high-frequency part spectra do not longer consist
. of individual harmonics. They rather resemble a descending supercontinuum. Such behavior is.
characteristic for short pulses. Longer pulses produce spectra with a pronounced harmonic structure.
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Furthermore, in the case of a short pulse the shape of the spectrum of the reflected pulse depends on the
carrier-envelope phase, so that changing this phase it is possible to obtain spectra with or without harmonic
structure (Figure 1, curves 1 and 2). The similar effect in the completely different regime of non relativistic
harmonics generation was expenmentally observed in Refs. 12, 13, where hlgh-order harmonics from a gas
target were generated by using 5-6 fs laser pulses focused to the intensity below 10" W/em?.

J{P)

+..40.003

0.002
1E-3

0.001

0.000

Fig. 1. Spectra of reflected pulses Fig. 2. Intensities of the incident (01,02) and
(1): & = 8.8, cosine-like pulse. spectrally filtered (21w — 47wy) reflected
(2): & = 8.8, sine-like pulse. pulses (1, 2) (g = 8.8)

(3): & = 13.2, cosine-like pulse. , (1): cosine-like incident pulse, 7= 0.41/wy
: (2): sine-like pulse. = 0.44/w,.

4. Generation of attosecond pulses

In order to obtain the attosecond pulse from the reflected electromagnetic wave, we need to select a
certain frequency band'™. Figure 2 shows intensities of reflected pulses that pass through a bandpass
spectral filter 21wo — 47coo (curve 1: cosine-like incident pulse, curve 2: sine-like pulse). The carrier-
envelope phase influences the form of the reflected attosecond pulse. In the case of a cosine-like laser pulse,
the reflected pulse is shorter, has higher energy and no satellite pulses The reflected pulse (Figure 2,
curve 1) hasa duratlon 0f 0.41/wy (0.17 fs for 4o = 800 nm), the conversion efficiency is 1.4* 10°%.

5. Conclusion

In the model where the overdense plasma was represented by the thin electron layer, the motion of
electrons in the direction perpendicular to the plasma surface was negligible. Using this model, we
calculated high-order harmonics generated during the reflection of the high intensity laser pulse. We
demonstrated that these high-order harmonics were phase-locked and formed attosecond pulses if one sums
several harmonics. We showed that cosine-like laser pulses generated attosecond pulses with higher energy
and shorter duration than sine-like ones.
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4.7.11 Design of multilayer mirrors for the reflection of attosecond XUV pulses

Alexander PIROZHKOV, Hiroyuki DAIDO, Sergei BULANOV, Michiaki MORI, Eugene RAGOZIN 2
: a) Division of Optics, P. N. Lebedev Physical Institute of the Russian Academy of Sciences
[
1. Introduction
Recent progress in the generation and characterization of sub-femtosecond pulses in the XUV spectral
region"z) calls for the development of suitable optical elements. Among the most efficient XUV optical
elements are multilayer mirrors. Up to now, only periodic multilayer mirrors were used for the reflection of
sub-fs pulses. The shortest generated pulse” had the duration of 0.25 fs which was almost limited by the
bandwidth of the multilayer used (9 eV). This means that further decrease in the pulse duration is
impossible without a broadband aperiodic multilayer mirrors. The first broadband aperiodic XUV
multilayer mirrors for the 12.5-25 nm spectral range were successfully synthesized and used as focusing
elements of the imaging XUV spectrograph in Refs. 3, 4. Evidently, for the reflection of ultrashort pulses
an increased attention should be paid to the dispersive (or phase) properties of multilayer structures. We
extended the method of calculation of aperiodic multilayer mirrors for the reflection of ultrashort pulses
and designed mirrors for the compression of chirped pulses and the simultaneous reflection of several high-
order harmonics.

2. Calculation of aperiodic multilayer structures for the reflection of ultrashort pulses

The inverse problem of XUV multilayer optics — that is, the problem of calculation of an aperiodic
multilayer structure that gives an extremum of a prescribed merit function — was first stated in Ref. 5. Later
this problem was solved with different methods by many authors®?. We used a specially designed genetic
algorithm for the optimization of aperiodic multilayer structures. Optimization parameters were thicknesses
of all layers. In contrast to the previous papers, the merit function was taken in the form of Ina/t, where
Inax is the peak intensity of the reflected pulse, 7 = [I{(#)dt/Inay is the effective duration of the reflected pulse,
I(¢) is the intensity envelope. Note that FWHM durations of pulses presented here are somewhat shorter.

In calculations, we assumed that multilayer structures consist of two alternating layers with ideal
interfaces. We used the method of recurrent relations for calculation of the complex reflectivity amplitude
of structures' . Optical constants of materials were taken from Ref. 12.

3. Compression of chirped XUV pulses

Intense chirped XUV pulses can be generated in the process of reflection and focusing of a source laser
pulse from a flying plasma mirror'®. The chirp of the XUV pulse can be controlled by the chirp of the
source laser. Another possibility is to use a plasma with a density gradient as the speed of the flying plasma
mirror depends on density. Due to a relatively small diameter of the flying mirror (<1 mm for a 17 J driver
pulse), the focal spot would be relatively large at the practical focusing length. In contrast, multilayer
mirrors with the diameter of several centimeters are readily available. It means that the intensity of the
XUV pulse generated by the flying mirror and focused by a multilayer mirror can be 2-3 orders of
magnitud:a higher.
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Fig. 1. Mirror for the compression of chirped pulses (Mo/Si, 80 monolayers, angle of incidence 5°)
Left: mirror reflectivity (thick line) and spectral phase (dashed line). Thin line — spectrum of
the chirped incident pulse (hwo =86 eV, 7o = 2.5 fs, b= -6.5 fs?). Right: intensity envelopes of
the incident (dashed line) and reflected (solid line) pulses. 7= 0.19 fs, energy reflectivity 0.17.
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In the calculatlon the incident pulse had a Gaussian form with the duration 7o =2.5 fs and the chirp
parameter b = -6.5 fs*. The chirp was negative, so the leading part of the pulse had a higher frequency.
This was consistent with the natural trend of a deeper penetration (hence, a longer delay) of the higher-
frequency radiation into the mirror structure. The results of calculation are shown in Figure 1. The
aperiodic mirror performed a 13-fold temporal compression with an energy reflectivity of 0.17. The peak
. intensity of the reflected pulse was more than twice the intensity of the incident pulse.

4. Simultaneous reflection of several high-order harmonics

It was shown recently that high-order harmonics of the laser radiation were not completely phasedz)
For harmonics generated by a Ti:Sapphire laser in Ar gas the emission time difference between two
neighboring harmonics was measured to be At = #(q+2) — t(q) = 33 as. It is important to note that higher
harmonics were emitted after lower ones. This means the positive chirp of the incident pulse, which is not
consistent with the above-mentioned natural trend.

To calculate mirrors for the simultaneous reflection of several harmonics, we set the incident train of
pulses in the form Eo(f) =3 a, cos(w,t— wiAt/4aL) , where w, =qwi, so that the group delay was
ty = W At/(2wi) = gAt/2. We calculated a mirror for the reflection of odd harmonics 25-69. Harmonic
amplitudes a, decreased exponentially with order from 1 to 0.1 (intensities from 1 to 0.01). The results of
calculation are shown in Figure 2. The mirror performed a two-fold compressnon of the incident p(llllosse
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Fig. 2. Mirror for the simultaneous reflection of 25-to-69-order odd harmonics (1o = 800 nm) with
an emission time difference of 33 as (Mo/Si, 80 monolayers, angle of incidence 5°)
Left: mirror reflectivity (thick line) and spectral phase (dashed line). Thin line — spectrum of
the incident pulse. Right: intensity envelopes of the incident (thin line) and reflected pulses
(thick lines, scaled (x5) for convenience). 7o = 0.27 fs, = 0.13 fs, energy reflectivity 0.11.

5. Conclusion

We made a theoretical investigation of aperiodic multilayer mirrors for the reflection of ultrashort XUV
pulses. We designed aperiodic structures for the 13-fold compression of negatively chirped XUV pulses-
and for the reflection of several high-order harmonics with different emission times. Use of aperiodic
multilayer structures is indispensable for further decrease in the pulse duration and increase in the focused
pulse intensity in the XUV spectral region. -~
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4.7.12 Generation of silicon tadpoles by fs high intensity laser ablation

Hirozumi AZUMA®, Hiroyuki DAIDO, Nobuo KAMIY A”. Tadashi ITO”, Michiaki MORI,
Kouichi OGURA, Akito SAGISAKA, Satoshi ORIMO, Akihiro TAKEUCHI”, Noritomo SUZUKI?,
Yukio HAYASHI, Hisanao HAZAMA, Koji MATSUKADO, and Atsushi FUKUMI”

»TOYOTA Central Research and Development Lab. "National Institute of Radiological Sciences

1. Introduction

It is well-known that different mechanisms of pulsed laser ablation of materials are realized at
different laser pulse duration". For ns laser ablation, amorphous silicon films have been introduced
to be piled on the substrate by laser ablation in many papers”. Surface modifications under fs laser
irradiation of bulk silicon have been also analyzed for laser pulse duration from 5 to 400 fs, but a
few information of ablators has been obtained™®. On the other hand, by using silicon substrates in
the oven at more than 800K, silicon nano-wire has been created successfully”. However the growth
rate of silicon nano-wire is not high. The industrial production of silicon nanofibers or nanotubes has
been expected as high efficiency photo-voltaic devices, emitter devices, and LSI devices.

2. Experimental

High purity silicon wafers were used as silicon
targets. The pulsed laser of 800 nm wavelength, the
pulse duration of 50 fs, the repetition rate of 10 Hz,
and the energy of 10 mJ, delivered from the Ti-
Sapphire laser system were used. The focused laser
beam on the silicon target was about 20 um-spot in
diameter by the off-axis parabola mirror mounted
in the vacuum chamber. Irradiated intensity of the
laser beam on the target was estimated to be
approximately 8x10'® W/cm®. Scattered ablated
particles were collected by the copper mesh and the
copper mesh with carbon thin films mounted in the
vacuum chamber under 2.6x10* Pa. Scattered
ablated particles on the silicone substrate were
collected by the replica method. The distance
between the target and the copper mesh was about  Fig. 1 A TEM image(a) and diffraction

130 mm. Ablated particles or fibers were observed _ patterns(b) of the silicon tadpol
by the transmittance electron microscope (TEM).

Head

Tail

(b)

3. Results

In the ablated particles on the silicon substrate, many particles like tadpoles were observed, while
in the ablated particles on the carbon thin films, smaller sized fibers than those on the silicon '
substrate were observed. On the other hand, the head of the tadpole was about a few hundred nm in
the diameter and the tail was 200 nm in the width and more than a few hundred nm in the length.
Clear grain images were observed in the head of the tadpole but not in the tail (Fig. 1(a)). In the
electron diffraction pattern (Fig. 1(b)) at the head of the tadpole, many clear diffraction spots, caused
by multi-crystalline structure, were observed. Each spacing of lattice plane calculated from this
diffraction pattern was correspondent to the d-value of silicon plane of (111), (220), and (311). In
the electron diffraction pattern at the tail of the tadpole, two diffuse diffraction rings, caused by
amorphous or micro-crystal structure, were observed.
References and Notes
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4.7.13 Research using an ultrafast spectroscopy: derivation of the time-resolved
fluorescence spectrum at t=0 of a solution and so on

Hiroshi Murakami

The purpose of our research is to develop ultrashort pulsed sources in the wavelength range from X-ray to THz
using a high peak femtosecond laser and to study the dynamics in complex condensed systems such as solutions
and proteins by a pump-probe spectroscopy using those sources. What we have done this year is as follows:

1. We have set up CPA laser systems in experimental rooms 222 and 202. The performances obtained are ~
0.5mJ/pulse and ~200 fs (FWHM) at the central wavelength of 800 nm and at 1 kHz repetition for the
system in room 222, and ~2 mJ/pulse and ~60 fs (FWHM) at 790 nm and 10 Hz repetition for the
system in room 202. These laser systems will be used for developing new pump-probe systems.

2.  We have developed a system for 100 ps-time-resolved fluorescence measurement using a time-correlated

i single-photon counting method to make us measure fluorescence spectra up to a microsecond time region.

3.  We have obtained the time-resolved fluorescence (TRF) spectrum at t=0, i.e., just after an optical pulse
excitation, of a coumarin dye in an ethanol/methanol mixture.

Here, we describe the result of the last part in the above list. In the preceding years, we have developed a
fluorescence up-conversion system combined with a vibrating cryostat using liquid nitrogen and applied it to
dye solutions ". Although the TRF spectrum of such systems provides information on the energy relaxation in

the electronic excited state of the solute molecule, it is
necessary to obtain the TRF spectrum at t=0 in order
to discuss the energy relaxation process quantitatively.
However, even if a deconvolution procedure is done
successfully with the instrumental response function
of the experimental system and the TRF spectrum at
t=0 is derived formally, it is difficult to determine
whether the spectrum-is valid or not, because the
fluorescence up-conversion system used has a
temporal resolution of ~150fs. Hence, we need other
landmark for determining it, and so employed a

18000 zoa?vzzmigm} ch,;'ﬁ‘} 28000 method proposed by Fee et al.”. This method needs no

Fig.1. TRF spectrum at t=0 of a coumarin dye time-resolved measurements, but is based on steady

in an ethanol/methanol mixture at 296 K state ones. The TRF spectrum at =0, F'(v), of a

solute molecule dissolved in a polar liquid such as a

dye molecule in alcohol is calculated from F'(v) = |g(v,, — §)p(8)f (v —8)dS as a line-shape function,
where g(V)_ and f (v) are the line-shape functions of the steady-state absorption and fluorescence spectra
of a free solute molecule without any interaction with the others, respectively, p(§ ) the site-energy
distribution function, and v, the excitatign energy. Since the steady-state absorption spectrum of the polar
solution, 4(v) , is expressed as A(V) = |g(v—0)p(d)d6 , p(8) is obtained through this expression
by measuring A4(v) . In this method, the dbsorption and fluorescence spectra of a free molecule without any
interaction are replaced with those of the molecule dissolved in a non-polar solvent, because the interaction
between a solute and solvents responsible for the time-dependent change of the TRF spectrum, which starts

after an abrupt change of the electronic configuration of the solute molecule due to light irradiation, is largely a

dipole-dipole interaction. The TRF spectrum at t=0 of a coumarin dye in an ethanol/methanol mixture at 296 K

is shown as a typical example in Fig.1, together with A(v), g(v), f(v) and p(J). Isopentane was used
" as a non-polar solvent. It has been found from this method in the temperature range from 296 K to 170 K that

the peak energy of the TRF spectrum at t=0 shows almost no temperature dependence if the same excitation
energy is employed, and is nearly the same with that obtained from the TRF measurement. Therefore, the
deconvolution procedure is considered to go well in this case. Since we can measure the TRF spectrum
atf = 0, i.e., in the thermal equilibrium in the electronic excited state, by the system described in the second
part in the above list now, we will discuss the energy relaxation in detail .

References
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5. Synchrotron Radiation Science
Jun’ichiro MIZUKI

The following 6 research fields and an experimental facﬂlty development field were studled in FY2003
in the Synchrotron Radiation Research Center.

In the experimental facility development field, we _developed a muti-crystal switching system on a
cryogenically cooled monochromator to endure the energy range from 6 keV to about 70 keV at BL-11XU.
We installed a monochromator stabilization system, so called MOSTAB, at BL-22XU to keep the beam
intensity and the position constant as good as possible.

In the materials science at high pressure, a single crystal synthesis of GaN under high pressure and
high temperature has been progressed. The phase diagram of GaN for a pressure and temperature range of
0-10 GPa and 300-2550 K was determined by in-situ X-ray diffraction study. This reveals that GaN melts
above 6GPa and 2500 K without decomposition. Other metal nitride, such as AlxGa;.xN, also becomes a
target to synthesize by the same idea. Structural studies on a Ca-Yb 1/1 approximate crystal and CoS, under
pressure and low temperature were carried out, and new structural phase transitions were found for the first
time in these systems. The multi-anvil apparatus for high pressure study was installed at BL-22XU, which
was constructed in 2002. This press is capable of generating pressures up to 12 GPa and temperatures up to
1,500°C, with which X-ray radiography and angle-dispersive X-ray diffraction can be carried out.

In the field of the structural physics in materials, the surface structure of GaAs(001) under MBE crystal
growth condition were studied at various temperatures to elucidate the growth mechanism in atomic level.
The local structural change of Pd-containing perovskite catalyst was investigated under a real automobile
engine condition by an energy dispersive XAFS technique. The reversible structure change, which
corresponds to the movement of Pd, was observed to occur within a few seconds. TiO, known as a
photocatalyst was found to show the catalytic activity also by irradiation of X-rays. The phonon properties
of high temperature superconducting copper oxides were studied as a function of hole doping level in
La; ,Sr,CuO, by inelastic X-ray scattering with about 6 meV energy resolution. Clear one-to-one
correspondence between the LO- bond stretching phonon anomaly and the T¢ was observed. The domain
controlled BaTiO; of a ferroelectric material was suited by X-ray topography to reveal domain-domain
correlation.

In the research field of surface chemical reaction the oxidation process of Cu and Si were studied by
in-situ X-ray photoemission spectroscopy with a hyperthermal O, molecular beam and O, gas. Also
oxidation reaction dynamics on several materials were studied as a nanotechnology research project.
Hexagonal BN was grown epitaxially on Si(111), and the electronic properties were investigated by near
edge X-ray absorption structure spectroscopy. Ultra-thin SiC film was synthesized, and its electronic
properties. and structure were 1nvest1gated by X-ray photoelectron spectra and near edge X-ray absorption
spectra.

In the field of heavy element materials, we developed a pulsed magnet up to 30 Tesla for studying the
strongly correlated electron systems under magnetic fields by X-ray diffraction and spectroscopic methods
at BL-22XU. The charge gap excitations of the high T¢ superconductor, YBa,CuO,.; were observed by
resonant inelastic X-ray scattering, and compared with those of other high T¢ families to discuss the
relation between superconductivity and charge excitation. The speckle diffraction for studying the
dynamics of nano-scaled domains was observed successfully. This promises the future progress for
investigation of the nano-domain dynamics. UNiGas was studied by resonant X-ray diffraction to
investigate the magnetic and electronic properties. The scanning type synchrotron radiation Moessbauer
microscope was much improved by upgrade of the optics.

In the research field of electronic materials science, the electronic structure of Culr,S, was investigated
by a photoemission spectroscopy to understand the mechanism of a metal-insulator transition from the
electronic structure point of view. Uranium compound UFeGas was studied by an angle-resolved
photoemission spectroscopy to reveal the 5-f state in this compound. Mn-doped GaAs, which is a candidate
material for spintronic devices, and perpendicular magnetic film (Co/Pd)n were studied by an XMCD
spectroscopy to reveal the Mn electronic states and the role of the Co electronic state, respectively. Pulsed
Laser Deposition (PLD) system was installed in the side station at BL-23SU to study the various oxides
thin film with smooth and clean surface. Soft X-ray emission spectroscopy was applied to polycyclic
aromatic hydrocarbons to. extract the information on the chemical bonding states.

In the field of synchrotron radiation simulation research, in order to clarify the origin of the magnetic
resonance X-ray diffraction intensity in UGa; observed in the experiment, a band structure calculation
based on the density functional theory was done. The theoretical analysis of the resonant inelastic X-ray
scattering in insulating cuprates was performed and was able to reproduce the characteristic spectral
properties observed experimentally.
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5.1 Beamline and Experimental Facilities Development
Taikan HARAMI

In the experimental facility development field, we operated four JAERI beamlines and continued to
upgrade them in order to carry out the synchrotron radiation research of JAERI items. BL22XU for the
quantum structure physics started to be operated for the experiments. To measure the beam vibration which
originates from the temperature change in the circulating liquid nitrogen for cooling the crystal of the optics,
the MOSTAB was installed to feedback the beam intensity and the beam position to the optical crystal
angle. The variation of the intensity and the position change succeeded to suppress less than 0.1% and less
than 1um, respectively. In the material science beamline BL11XU, the cryogenically cooling system for the
monochromator crystal was introduced instead of the water cooled diamond crystal. The monochromator
crystal has a multi-crystal switching system which is composed of Si(111) and Si(311) diffraction plane
crystals which cover at least the energy range of 6~70keV. The intensity increased by 3~4 times than
before and it could take only 30 minutes to switch the crystal diffraction plane. In the material science
bending beamline BL14B1 and BL11XU, MOSTAB is under consideration to be installed. In the heavy
element science beamline BL23SU, the performance the optical device decreased due to the carbon

" contamination in the long use. The grating monochromator and mirrors were washed in the surface and
installed again. The intensity and resolution was recovered.

Fig. 1 The grating monochromator of BL23SU Fig. 2 The liquid nitrogen cooling
in which the contaminated carbon was system for the bouble crystal
washed away. : monocromators in which the

’ MOSTAB systems were
installed.
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5.1.1 Performances of the multi-crystal switching system on the cryogenically cooled
monochromator on BL11XU at SPring-8

Hideaki SHIWAKU, Takaya MITSUI, Kazukiyo TOZAWA " and Koji KIRIYAMA
*present address: Ishikawajima-Harima Heavy Industries Co.,Ltd. (IHI)

1. Introduction
We introduced a cryogenically cooling system
for a monochromator and developed a multi-crystal
switching system on a cryogenically cooled
monochromator of the JAERI materials science
beamline, BL11XU at SPring-81'2). In order to
make progress in our science, it is necessary to
ensure at least the energy range of 6 ~ 70 keV which
is achieved by employing Si(111) and Si(311)
crystals. Fig. 1 A principle layout of the
multi-crystal switching system

2. Multi-crystal switching system

The principle of the crystal switching system is Straightness of Y-axis Stage
shown in Fig. 1. Two crystals are arranged side by :
side, and they are translated in the horizontal
direction for exchanging the crystals.

3

35"

-

3. Performances

In order to check that £20 mm movement of the
X-axis stage does not affect the center of gravity of
the 1st crystal unit, the straightness of the Y-axis ,
translation stage was measured, as shown in Fig. 2. ° ey,
The pitching and yawing of Y-axis translation stage
‘were 5 seconds, respectively. The influence by the
movement of the X-axis stage cannot be found.

Figure 3 shows a relationship between FWHM
and Energy. FWHM of the Si (111) crystal agrees
-well with theoretical value. But, FWHM of the Si
(311) crystal was extended by 1.1 ~ 1.5 arcsecond
than the theoretical value. According to
observation of the x-ray intensity after the
monochromator, it turned out that the intensity e
vibrated in the cycles of about 15 seconds and in a ¥ ks )
cycle of several minutes. It is considered that the
crystal can be vibrating due to the flow of liquid
nitrogen. It is necessary to remove the relative
large periodic vibration and to stabilize x-ray o
intensity. SN I 35 sl

In comparison with a previous indirect B T
water-cooling diamond (111) crystal monochromator,
this monochromator provides 7.4 times higher flux
intensity at 14.4 keV. It takes only 5 minutes to
exchange and adjust the crystals. The stabilization
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of the x-ray from the monochromator is expected. Sl . NN
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5.1.2 Beam Stabilization by using MOSTAB System at BL22XU in SPring-8
Takahisa SHOBU and Hiroyuki KONISHI

The position and intensity of the monochromatized beam introduced in the experimental hutch of a
beamline may fluctuate over the negligible range by the thermal fluctuation and the mechanical vibration of
optical devices, for example, monochromator crystals or mirrors. . The former arises from the thermal
instability of cooling systems for optical devices, and the latter arises from the mechanical vibration of
some beamline components, vacuum pumps, compressors of cooling systems etc. It is important to make
effort in order to remove the origin of the beam fluctuation, but it is impossible to achieve that perfectly.
MOSTAB (Monochromator Stabilization) is the force system to stabilize the beam intensity or position and
is used in some beamlines of SPring-8 recently. This is a feed-back system to retune the monochromator
automatically by using a piezo actuator monitoring the position or intensity of the monochromatized beam.
We also apply the system at JAERI undulator beamlines with liquid-nitrogen cooled monochromators,
BL11XU and BL22XU. In this section, we will introduce the present performance of MOSTAB at
BL22XU.

MOSTARB is used only for the beam intensity stabilization at BL22XU at present. An ion chamber set in
an experimental hutch is usually utilized to monitor the intensity of the monochromatized beam. But in this
case, when a down stream shutter (DSS) is closed and it is impossible to monitor the beam intensity,
MOSTAB system may lose the stabilization condition. Then we must stop and restart the MOSTAB system
before and after the DSS operation. A new type of the monitor equipment was installed at between the
monochromator and the DSS to avoid the cumbersome procedure. A beryllium plate can be supported on
the monochromatized beam path in vacuum within the equipment containing a PIN detector. Monitoring
the intensity is possible by counting the photons scattered from the beryllium plate with the PIN detector.

Plotting the intensity of the beam monochromatized by the double crystal monochromator versus the
output voltage to the piezo actuator controlled the MOSTAB, that is equivalent to the deviation of .the
parallelism between the two monochromator crystals, the graph exhibits the so-called rocking curve with
single maximum point. As the MOSTAB system are monitoring the first deviation of the rocking curve by
using a lock-in amplifier, the peak of the rocking curve can be set as the objective intensity for the intensity
stabilization. Almost of the modulus of the MOSTAB system are put on the roof deck of the optics hutch.
They can be controlled by way of beamline network from each of experimental hutches. The MOSTAB
system can be operated by using a friendly GUI (Fig. 1).

The performance of the MOSTAB system is shown in Fig. 2. The measured energy was 25keV and it
was the top-up operation of the SPring-8 storage ring. The long-time stability of the monochromatized
beam intensity is established with the MOSTAB system.
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Fig. 1 Graphical user interface (GUI) on the personal computer Fig. 2 The long-time fluctuation of

for the MOSTAB control the beam intensity with and
without MOSTAB
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5.2 High Pressure Science
Katsutoshi AOKI

X-ray diffraction and radiography experiments have been carried out to explore new materials and
phenomena at high pressure and high temperature using brilliant light from synchrotron radiation at
SPring-8. Synthesis of GaN crystal has been initiated on the basis of our accumulated high-pressure and
high-temperature techniques. This challenging research has greatly advanced through this fiscal year and
widely impacted on the related research field. The first-order transition in phosphorus has been confirmed
more definitely by in-situ image observation of the coexistence state of the two liquid phases. A new
concept has been proposed for the nature of liquid. _

The phase diagram of GaN has been determined for a pressure and temperature span of 0-10 GPa and
300-2550 K. The crystalline GaN decomposes into Ga metal and N, gas by heating at pressures below 6
GPa. At pressure above 6 GPa the crystal melts at 2500 K without decomposition. Single crystals prepared
by cooling the melt slowly were found to have high quality in crystallinity from x-ray diffraction and
Raman scattering measurements.

X-ray diffractometer was upgraded for precise measurement of high pressure structures and phase
transition process with a diamond-anvil type high-pressure cell. Diffraction measurements were made for
single crystal of CdsYb alloy and powder sample of CoS, for a temperature rang of 4-300 K and a pressure
range of 0-20 GPa, revealing structural transformation with lowering symmetry by detecting weak
diffraction peaks due to rearrangement crystalline lattices with slight displacement of constituted elements.

X-ray radiography measurement has revealed that the liquid-liquid transition in phosphorous observed at
about 1300 K and 1 GPa is well characterized in terms of first-order transition. The phase separation
between the low and high density liquids indicates clearly the nature of this transition, suggesting a large
difference in density between them in agreement with the previous density measurement.

The experimental results described above have partly been published in major journals, for instance,
Nature Materials 2, 735 (2003), Jpn. J. Appl. Phys. 43, L981(2004) etc.

High Pressure Apparatuses at BL22XU

Front: Diffractometer for low
temperature and high pressure
diffraction measurement with a
diamond anvil cell.

Rear: Cubic press for large
volume experiment at high
temperature and high pressure.
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5.2.1 Congruent Melting of GaN at High Pressures
and its Application to Single Crystal Growth

~ Wataru UTSUMI, Hiroyuki SAITOH and Katsutoshi AOKI

1. Introduction

Gallium nitride (GaN) is a very important material in optoelectronic devices for blue light-emitting
diodes and lasers. These devices are usually fabricated by epitaxial growth on sapphire substrates because
large GaN single crystals are unavailable. There is a large mismatch in the lattice constants of sapphire
and GaN, which causes high-density dislocations in the deposited layer and is a major obstacle for
improving device quality. Hence, the large single crystals of GaN suitable for substrates are strongly
desired. However, such single crystals are difficult to grow because GaN usually decomposes into Ga and
N, before melting at ambient pressure. Several studies have attempted to alleviate this problem, but have
all been unsuccessful in growing large single crystals suitable for the substrates of optoelectronic devices.
If high pressure is effective in suppressing the decomposition and meting of GaN at high temperatures, a
new method for the single crystal growth of GaN is expected to be developed. In order to clarify the
decomposition and melting behaviors of GaN under high pressures and temperatures, in situ X-ray
diffraction experiments were carried out. The congruent melting of GaN, which occurred above 6.0 GPa
and 2215° C, was confirmed for the first time.

2. Experimental ,

The experiments were performed using a multi-anvil high-pressure apparatus installed on beamline
BL14B1 at the SPring-8. The pressure was initially increased at room temperature and then the
temperature was increased under a constant applied load. The in situ powder X-ray diffraction profiles of
GaN were obtained for each pressure/temperature condition by the energy-dispersive method using a white
synchrotron radiation beam.

3. Results
Figure 1  summarizes the 3000 X
decomposition and melting behaviors 1
of GaN determined by the present ' GaN melt
1
|

study in the pressure-temperature
diagram. At pressures less than 5.5
GPa, GaN decomposed into Ga and N,
gas, and the decomposition
temperature almost linearly increased
with pressure (solid circles). In
contrast, at pressures higher than 6.0
GPa, congruent melting occurred at
‘around 2220°C (solid triangles), and
its pressure dependence is very small. - .
This result leads to a new method of - 1000
providing bulk single crystals of GaN 2
- by slow cooling of its stoichiometric 0 5 p 6 8 0
melt under high pressures. Single
crystals of GaN with a diameter of 100 Pressure (GPa)
um have been obtained successfully
from 6.8 GPa and 2400°C. The X-ray Fig. 1 The phase diagram of GaN under high pressure
rocking curve and the Raman and temperature
spectrum of the specimens indicate Solid circles and triangles denote the
that they are high-quality single pressure/temperature conditions where GaN
crystals with very low dislocation decomposed and congruent melting occurred,
density. respectively.

Ga+1/2N2

2000 / i

Temperature (°C)

GaN crystal

Reference
W. Utsumi et al., Nature Materials 2, 735 (2003)
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5.2.2 Synthesis of polycrystalline Al,Ga;«N under high pressure

Hiroyuki SAITOH, Wataru UTSUMI and Katsutoshi AOKI.
1. Introduction

Al,Ga, N semiconducting alloy is an indispensable material for ultraviolet light-emitting diodes and
lasers due to its wide direct band gap energy, which can be changed from 3.4 to 6.4 eV with variation of the
atomic composition. However only thin films of Al,Ga,;,N are available and no bulk specimens are
obtained. This is because GaN decomposes into gallium metal and nitrogen gas at high temperature. In our
previous study, we found that applying high pressure prevents the decom?osition”. It is also expected that
high pressure is potential technique for synthesizing bulk Al,Ga,.,N alloys>.

2. Experimental :

Experiments were carried out using a DIA type high-pressure apparatus (SMAP?2) installed on the beam
line BL14B1 at SPring-8. Highly pure, fine powders of GaN and AIN were used as the starting materials.
These powders were blended for suitable compositions (x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0, for Al,Ga,N) and
compacted in disk shapes (1.0 mm in diameter and 1.0 mm in height). A disk sample was put into a capsule
made of polycrystalline hexagonal boron-nitride. The capsule was then placed in a cubic pyrophillite
pressure medium along with a graphite heater.

3. Results

Figure 1 shows in-situ x-ray diffraction profiles of powdered mixture of AIN and GaN (x=0.6) at 6.0
GPa with increasing temperature. The dashed lines show the peak positions of pure GaN at 6.0 GPa and
600°C. At 600°C, pairs of peaks form AIN and GaN with the same Millar indices appeared side by side.
When the temperature increased to 1000 and further to 1200°C, the GaN peaks shifted to higher energies,
and at 1400°C the pairs of peaks became single peaks. Alloying process was completed and solid-solution
was formed.

The lattice constants of recovered polycrystalline samples were measured by an x-ray micro
diffractometer. Figure 2 shows the relationship between the nominal concentration x and the lattice
constants of the samples. Both lattice constants “a” and “c” continuously varied with the mixing ratio. This
implies that the solid solution of AIN and GaN was formed over the whole atomic composition.

d(a)
2.6 24

3.20 5.20
L @ q o ®)

w
—
)
’
/s
b
—
n
’
’
o]

w
—_
=
r
I'd
bl
—_
=
Y
e
4
o

Intensity

w
—
E N
v
d

Lattice constant a (A )
I'd
Lattice constant ¢ (A)
R,
=)
W
4
d

w
%)

T

4
by
o
(=T

T

3.1 A 4 V' A 4.9 A A Il A
- %.0 0.2 04 06 08 1.0 3.0 0.2 0.4 0.6 0.8 1.0

Nominal composition x for Al Ga, N

Fig. 1 A series of x-ray diffraction profiles Fig. 2 Nominal composition versus lattice
of AIN and GaN with increasing constant of “a” (a) and “c” (b) at
temperature at 6.0 GPa ambient conditions

References

1) W. Utsumi, H. Saitoh, H. Kaneko, T. Watanuki, K. Aoki and O. Shimomura, Nature Materials 2, 735,
2003

2) H. Saitoh, W. Utsumi, H. Kaneko and K. Aoki, Jpn. J. Appl. Phys. 43, L981, 2004



JAERI-Review 2004-030

5.2.3 Various pressure-induced phases of Cd-Yb 1/1 approximant

Tetsu WATANUKI, Akihiko MACHIDA, Tomohiro IKEDA, Katsutoshi AOKI,
Taku J. SATO and An Pang TSAI? '
a) NIMS

1. Introduction .

Cd-Yb 1/1 approximant crystal has a cluster-like local structure which is also found in Cd-Yb
icosahedral quasicrystal. Recently, Tamura et al. have revealed that this approximant crystal (bcc structure)
undergoes a structural phase transition at low temperature of 110 K ". It is considered that an ordered state
about the orientation of the cluster-like structure is formed in the low temperature phase. We considered
that compressing this low temperature phase would create other new ordered states, because applying
pressure can change the correlation between the cluster-like structures. So, we searched pressure induced
new structural phase by means of single crystal X-ray diffraction experiments under pressure.

2. Experimental .

We carried out single crystal X-ray diffraction experiments of Cd-Yb 1/1 approximant crystal under
pressure up to 5.2 GPa in the temperature region between 50 — 300 K at SPring-8 BL22XU. The sample
was sealed in a diamond anvil cell (DAC) with a methanol/ethanol pressure medium. X-ray oscillation
photographs, recorded on an imaging plate, were taken at each pressure-temperature point by changing
temperature under constant pressure condition. Applying pressure was changed only at 300 K in order to
avoid the compression in a solidified pressure medium. '

3. Results

Figure 1 shows the
phase  diagram  of
Cd-Yb 1/1 approximant
crystal which - is
determined by ‘
analyzing the pattern of 300
super-lattice reflections.
We found 4 or 5 new
pressure induced phases
up to 5.2 GPa where the
lattice shrinks only by
3%, which indicates
that the arrangement of
the cluster-like
structures forms various
ordered states even by
slight change of the 0
atomic packing. Some
of these phases form
distorted cubic lattice
structure, so, now, we
consider  that the
occurrence of such
various phases is caused
by the combination of
orientation order of
cluster-like  structures
and the distortion effect
of the cubic lattice.
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Fig. 1 Pressure-temperature phase diagram of Cd-Yb 1/1 approximant
crystal
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5.2.4 Structural property of pyrite type CoS; under high pressure and low temperature

Akihiko MACHIDA, Tetsu WATANUKI, Tomohiro IKEDA, Katsutoshi AOKI, Yutaka MORITOMO?
a) Department of Applied Physics, Nagoya University

1. Introduction

Pyrite type cobalt disulfide CoS, shows transition into ferromagnetic state at low temperature below
T~120 K. The transition is not accompanied by volume change and hence characterized as second-order
one. At hi%h pressures above ~0.4 GPa, the nature of transition was found to change from second-order to
first-order”. We have measured x-ray powder diffraction patterns under high pressure and low temperature
using synchrotron radiation (SR) to investigate the relation between the crystal structure and the nature of
magnetic transition.

2. Experimental
Single crystals of CoS, synthesized by the flux method were crushed into fine powder for high pressure
x-ray diffraction measurement. The powder was loaded into the sample chamber of a diamond anvil cell
(DAC) with methanol/ethanol (4:1) mixture used as pressure medium. Pressure was determined by the ruby
fluorescence  method.  X-ray powder
diffraction patterns were recorded with an
imaging plate detector mounted on a
diffractometer constracted for high pressure 5.505
measurement with DAC at SPring-8 i CoS,
BL22XU. The incident x-ray beam
monochromaitized with Si(111) double
crystals to a wavelength of 0.496 A (E~25 5.500
keV) was emploied. For high pressure and '
low temperature experiments, the gas driven
DAC was cooled in a closed-cycle He-gas
refrigerator and the sample pressure was
chaned outside by controlling He gas. We
measurd diffraction paterns across the
magnetic transition along isbar lines at ~2
GPa and ~4 GPa, and an isothermal line at

S0K. 5.490

¥
i

5.495

Lattice Constant (A)

3. Results »
Obtained powder patterns were analyzed

with a cubic structurg (Pa-3; Z=4) by P N T T T

RIETAN-2000 program ). Figure 1 sho'ws %0 50 100 150 200

the temperature dependence of the lattice

constant at ~2 GPa. Downward arrow Temperature (K)

indicates the Curie temperature T¢

determined by Goto ef al."”. With decreasing Fig. 1 The temperature dependence of the lattice

temperature, the lattice constant decreases constant of Co$S; at ~2 GPa

initially and then increases abruptly at ~110 Downward arrow indicates the Curie

K. The lattice constant measured at ~4 GPa temperature 7c. F and P represent

showed a similar variation with temperature ferromagnetic and paramagnetic regions,

at ~90 K. It is considered that the anomaly respectively.

in the lattice constant is caused by the

magneto-volume effect accompanied with

the ferromagnetic transition.
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5.2.5 Installation of a cubic-type multi-anvil press on BL22XU

Yoshinori KATAYAMA, Yasuhiro INAMURA, Kazuhiko TSUJI?, Takanori HATTORI?,
Satoru URAKAWA®, Osamu OHTAKA®
a) Department of Physics, Faculty of Scnence and Technoroly, Keio University
b) Department of Earth Sciences, Faculty of Science, Okayama University
¢) Department of Earth and Space Science, Faculty of Science, Osaka University

1. Introduction

Construction of a new beamline, BL22XU JAERI Actinide Science II, was completed in 2002. The
beamline has a high-pressure station in the experimental hall in addition to a station in the RI laboratory.
The high-pressure station is shared by two diffractomators, one for diamond anvil cells and the other for a
cubic-type multi-anvil apparatus. Here we report the installation of the multi-anvil apparatus.

2. Equipments

BL22XU is an undulator line, which equips two sets of double-crystal monochromator with different
tunable energy range. The high-energy monochromator provides x-rays up to 70 keV. The high-energy
x-ray is useful to collect diffraction data of non-crystalline materials in wide wave-vector range. It is also
useful for studies of heavy elements that strongly absorb low-energy x-ray. The cubic-type multi-anvil
apparatus, SMAP180 (SPring-8 Multi-Anvil Press with maximum load of 180 ton), was moved from
BL11XU. This press is capable to generate pressures up to 12 GPa and temperatures up to 1500°C. With
this press, angle-dispersive x-ray diffraction (ADX) measurements and density measurements by means of
x-ray absorption are possible. The ADX method has the
advantage of accuracy and resolution over energy-
dispersive x-ray diffraction method, which is commonly
used for multi-anvil presses. However it has disadvantage
of very long data acquisition time. Bright x-ray from the
undulator source greatly reduces measuring time and
makes ADX method practical. A radial slit system which
consists of a set of 35 collimators further improved the
eﬂ'lc1ency A new radial slit system with micrometers
was installed and it reduced the time for the adjustment.
Diffraction pattern is collected using an imaging plate (IP).
* For real-time observation, a CCD camera with an x-ray 0 5 10 15 20 25 30
image intensifier can be used. For absorption 20/degree
measurements, two ionization chambers are used.

(a)

Intensity/a.u.

3. Results

Figure 1 shows diffraction pattern of SiO, glass, A o)
2.0mm in diameter, inserted in pressure-transmitting
medium made of mixuture of boron and epoxy. The
measurements were carried out at room temperature and 1
bar. The energy of the x-ray is 68.5 keV. The pattern (a)
was measured without the radial slit System and the
pattern (b) was measured with it. It is clear that the radial
slit system successfully eliminates background x-rays
except for those at low-angle region Thanks to the
high-energy x-ray, the wave-vector region is extended to
about 16 A™. Using this system, diffraction studies of
liquid II-VI and I-VII compounds under high pressure and
density measurements of glassy silicate were carried out in
2003.

Intensity/a.u.

0 5 10 19 20 25 30
20/degree
Fig. 1 Diffraction data of SiQ, glass

(a) without radial slit system
(b) with radial slit system.
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JAERI-Review 2004-030

5.3 Structural Physics Research

Structural Physics Group
Group leader
Jun’ichiro MIZUKI

The major research purpose of the structural Physics Group is to investigate (1)structural aspects of
relevant surfaces and interfaces, where one encounters crystal growth of compound semiconductors by
MBE, and electrochemistry, (2)close relation between structures and catalytic activities, (3)dynamics of
transition metal oxides, in which the interplay between spin, charge and orbital degrees of freedom is the
key ingredient underlying the physics, (4)micro-domain structures in ferroelectronic materials. Also, since
exploiting the full potential of the SPring-8 remains a permanent challenge for the experimentalist, we have
been working on the focusing monochrometer crystal/system for the bending magnet beamline. Thus, a
final goal of our group is to make the rational design of new materials with specific properties by
investigating the relationship between the static and dynamical structure of the materials and their
properties. .

In this chapter, we will show the recent results regarding to (1) ~ (4). As surface and interface
researches, crystal growth study under non-equilibrium condition will be presented. The present work is
concerning to the surface structure of GaAs(001) under MBE crystal growth condition. As the study of the
structure- catalytic activity relationship, we focus on a perovskite catalyst as an automotive emission
control and a photocatalyst to investigate photo electrochemical reaction based on electronic and atomic
structure information. Last year we found the mechanism of the long live activity of LaFep 57C0p38Pd0.0503,
which is a Pd-containing perovskite catalyst, by ex situ XAFS experiment. Here, in order to know the real
world for the catalyst, we will show how the structure changes with reduction and oxidation fluctuation by
using the energy dispersive XAFS technique. TiO, as a photocatalyst is newly found as a high energy
radiation catalyst. We will show the anodic current under X-ray irradiation to TiO; in the present report. As
an example of (3), inelastic X-ray scattering was carried out to study the phonon properties of high Tc
superconducting copper oxides. The evolution of phonon anomaly as a function of hole doping level in
La,.xSrxCuO, will be presented, and discuss this with relation to the superconductivity. As an example of
(4) a ferroelectric material, BaTiO;, with micro-domains was studied by X-ray topography to investigate
domain-domain correlation.

In situ X-ray
diffractometer with
the Molecular beam
epitaxy (MBE)
chamber system in
BL11XU
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5.3.1 Crystal structure of Pd-perovskite catalyst in redox fluctuating atmosphere V

Yasuo NISHIHATA, Jun’ichiro MIZUKI, Hirohisa TANAKA®, Mari UENISHI”, Masashi TANIGUCHI®,
Kazuo KATO and Tomoya URUGA"
a) Materials R&D Div., Technical Center, Daihatsu Motor Co., Ltd.
b) Japan Synchrotron Radiation Research Institute

1. Introduction

Pd-containing perovskite oxides are applied to control automotive emissions as three-way catalysis.
We already demonstrated using x-ray anomalous diffraction (XAS) and x-ray absorption fine structure
(XAFS) techniques that the Pd-perovskites have self-regeneration function due to the structural responses
to the redox fluctuation in exhaust-gas composition: Pd reversibly moves into and out of the perovskite
lattice to suppress the metallic particle growth"?. The catalytic activity hardly deteriorates for a long use.
However, previous x-ray measurements were not conducted in situ. The samples were alternatively
exposed oxidative and reductive atmospheres for a period of 1 hour. This period was much longer than
for a real engine. The inherent redox fluctuation usually occurs in the frequency of 1-4Hz. Here, we
present new experimental results with time resolution of 1 sec by using the energy dispersive XAFS optics.

"2. Experiments

The sample was pressed to form into pellets to be uniform and was put in a quartz-glass tube. The
atmosphere varied by alternating oxidative gas (O, 50% balanced with N,) and reductive gas (H; 50-100%
balanced with N;). XAFS spectra at the Pd K-edge (24.35keV) were measured with Si(422) crystal
polychromator in transmission geometry at BL28B2, SPring-8. The sample in a glass tube was located at
the focus of the dispersed x-ray and was heated by 124
an infrared furnace. The x-ray intensity was
accumulated with a phosphor-lens coupling optics
and a two-dimensional CCD detector.

-
o
1

e
™
1

3. Results

Figure 1 shows time dependence of XANES
spectra, which were consecutively measured every
1 sec at 400°C. A shift of the absorption edge
towards the lower energies implies reduction of

(=]
>
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+ Pdmetal
® PdO

Normalized absorption
g a
1 1

0.0 -

¥ T T T T

Pd ion, which initially occupied the B-site (6-fold 2433 24.34 2435 2436 24.37 2638
coordination) of the perovskite lattice. The edge Energy (keV)

position of the perovskite did not reach that of the Fig. 1 Time dependence of XANES spectra at the
Pd-metal, after rapid edge shift for about 3 sec. Pd K-edge for LaFeooPd, ;03 after the
Figure 2 shows radial structure functions, which atmosphere switched from the oxidative

gas to the reductive one (400°C)

calculated as the magnitude of Fourier transform
of k’-weighted EXAFS (extended X-ray
absorption fine structure) oscillations. The peak
height of Pd-O bond decreases, while the peak
height of Pd-Pd bond increases as time elapsed.
This implies that Pd segregated out from the
B-site of the perovskite lattice, and that Pd metal
particles agglomerated and grew. The reversible
change was also observed by switching
atmosphere from reductive gas to oxidative one.
We have found that the reversible movement of Pd

IFTI

really occurred within a few seconds to ensure the o ] . 2 3 . s
self-regeneration phenomenon in the real world. Distance (A)
’ Fig. 2 Time dependence of radial structure
References functions around Pd after the
1) Y. Nishihata, et al. Nature 418, 164-167 (2002). atmosphere  switching from the
2) Y. Nishihata, et al. J. Phys. Chem. Solids oxidative gas to the reductive one
(in press). ‘
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5.3.2 Fundamental studies of x-ray induced photocatalytic reaction on TiO,

Kazuhisa TAMURA, Yoshihisa OHKOa), Tetsu TATSUMA® and Jun’ichiro MIZUKI
a) PREST, b) Inst. of Ind., Sci., University of Tokyo

1. Introduction

TiO; is a very stable n-type semiconductor and possesses a wide band gap of 3 eV. These two features
give TiO, quite high oxidative reactivity under UV illumination. The mechanism of photocatalytic reaction
has been widely investigated in terms of electrochemical reaction, surface reaction, electronic structure, and
so on. Recently, it has been recognized that high reactive radials, e.g., OH- play an important role in
photocatalytic reactions. These studies are carried out under UV illumination because the sun light and
fluorescence tubes contain UV light, however, the excitation source can be high energy source, like x-ray
and y-ray, which have much energy than 3 eV. If high energy light sources can be used as excitation sources,
TiO, can be utilized for medical treatments and processing of nuclear wastes. However, systematic studies
of photo electrochemical reaction induced by high energy light source haven’t been done yet. Recently, we
have observed anodic current under x-ray irradiation and figured out it was photocurrent due to
electron-hole separation. In the present report, we present fundamental features of x-ray induced
photocatalytic reaction and its mechanism.

2. Experimental

TiO, was prepared by thermal oxidation of Ti
sheet and set to an electrochemical cell, which has
an x-ray window. The electrolyte was 0.1 M Na,;SO,4
prepared by Milli-Q water. The reference electrode
was Ag/AgCl and the counter electrode was a Pt
wire. X-ray irradiation measurements were carried
out at SPring-8, BL22.

3. Results Fig. 1 Cyclic voltammogram under
_Figure 1 shows a cyclic voltammogram of TiO, x-ray irradiation
in 0.1 M Na;SO, under x-ray irradiation. The x-ray X-ray energy was 5.02 keV.
energy was 5.02 keV, which is above Ti-K X-ray shutter was opened and
absorption edge, 4.965 keV. When x-ray shutter was closed at the signs of “on” and
opened, anodic current was clearly observed in both “off”, respectwely Scan rate:
anodic and cathodic scans. To elucidate the origin of 10 mVs”
the observed anodic current, a photopotential
measurement was carried out. [t is not shown in this =
report; however, the rest potential of TiO, showed s 0.04 T T r T r
negative shifts under x-ray irradiation and showed
positive shifts under dark condition. Photopotential
is due to accumulating of electrons, which are = 0.03F
generated by electron-hole pair separation. Thus, the 'g ‘
observed negative shift and anodic current prove 9— 0.02 }
that electron-hole pair separations followed by =
photocatalytic ~ reactions occur under x-ray §
irradiation. < 0.0
To examine features of photocurrent under x-ray = —
irradiation, energy dependence measurements were @ RS ;.m..mn-m- )
carried out. Figure 2 shows x-ray _energy '_;CE) 04.92 4.94 4.96 4.98 5160 5.'02
dependencies of photocurrent, photopotential, and Energy / keV
fluorescence intensity. A rutile crystal was used for 9y
the x-ray fluorescence measurement. Both . .
photocurrent and photopotential showed energy Fig. 2 X-ray energy dependencies of
dependence and they followed the x-ray photocurrent (triangles), rest
fluorescence spectrum. It indicates that electron-hole potential (circles), fluorescence
pair separation is related to inner shell excitation. intensity (squares)
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5.3.3 X-ray diffraction study on GaAs(001)-(2x4) surfaces under molecular-beam
epitaxy condition

Masamitsu TAKAHASI, Yasuhiro YONEDA and Jun’ichiro MIZUKI

Because of its importance in the as

molecular-beam-epitaxy (MBE) growth of III-V group Fas
semiconductor devices, the As-stabilized 4 (@ §03
GaAs(001)-(2x4) surface has been intensively studied by LY g x
many  experimental techniques and theoretical - f ] prERrrrmrra
calculations. As a result, it has been established that the 3 Bt lep)
most stable is the $2(2x4) structure consisting of a pair of 3 ® b
As dimers in the topmost layer and of a single As dimer <, ¢ ?
in the third layer. However, actual surfaces under MBE x ' :; P 13
conditions are more complicated because of flexibility in ) ©
the surface stoicheometry. Depending on the substrate 1 1 !
temperature and As overpressure, reflection high-energy b
electron diffraction (RHEED) gives the three distinctive b ¢
2x4 patterns called o, B and y phases. Recently, we have 0 1 2 3 4
found by surface X-ray diffraction (SXRD) that, in the o H{rlu) i
and y phases, the 2x4 domains are separated by the g:n
antiphase domain boundaries characteristic to each 4 ®) 40t
phase”. By the presence of the antiphase domain ¢ ?‘g;
boundaries, the a and y phases can be distinguished from { B hrorrayrrar
the B phase, which is stable over a range of about 100 K. 3 Exghp
However, it is still questionable whether only the B2 R {
structure prevails in such a wide temperature range £, 4
because very few in situ studies have been reported on * ! ‘; p i
the B phase under MBE conditions. In the present work, ' b ©
we have investigated the  phase of GaAs(001)-(2x4) at 1 ! {
various temperatures in a constant As flux by SXRD 2. b4
The experiments were performed on the synchrotron g

radiation beamline 11XU at SPring-8, Japan, with an ° ! 2 3 4
X-ray wavelength of 1.24 using a surface X-ra _ Hirlu)
diffractometer directly coupled to an MBE char‘nber 3, Fig. 1 X-ray diffraction patterns at
X-ray measurements were carried out in the 545°C (a) and 585°C (b) under
grazm_g-mc1dence geometry w1t.h. the incoming and an As flux of 5x10” Torr
outgmpg angles set at the critical angle for total The open circles represent
reflection. . . the observed structure factors

. Flgl‘lre 1 shows a comparison between m;?lafle X-ray and the filed circles show the
diffraction patterns at 585°C and 545°C within the B calculation based on the best
phase. Reflection indices, H and K, are described on the fit model. The insets are the
basis of the surface 1x1 unit cell defined by [1-10] and rocking curves at (0, 1.25).

[110]. The open and filled semicircles represent the

observed and calculated structure factors, respectively.

The radii of the semicircles are proportional to the

amplitude of the structure factors. While the X-ray diffraction pattern observed at 545°C agrees well to the

B2(2x4) surface, the X-ray pattern at 585°C can be explained by a mixture of two structures called a2 and
2. This structural change is interpreted in terms of partial As-dimer desorption from the f2(2x4) surface.
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5.3.4 Inelastic x-ray scattering studies of phonons in La;_;Sr;CuO,

Tatsuo FUKUDA, Jun'ichiro MIZUKI, Kazuhiko IKEUCHI®), Kazuyoshi YAMADA®,
Alfred Q.R. BARONY, Satoshi TSUTSUIY
a) Institute for Materials Research, Tohoku Univ. b) JASRI, SPring-8

1. Introduction

Since a kink structure in the dispersion of electron quasiparticles was observed by angle-resolved
photoemission measurements in hole-doped high-T, superconductors (HTSC)I), the role of electron-
phonon coupling in the HTSC has attracted much interest. This is because one explanation of this
kink structure is the interactions with electron quasiparticles with an in-plane bond-stretching lon-
gitudinal optical (LO) phonon mode. This highest energy LO phonon shows softening along <100>
direction when the holes are doped®. However, samples only below optimum hole concentration have
been investigated so far mainly by inelastic neutron scattering studies, because the crystal growth
becomes difficult as hole concentration increases. Therefore, we carried out phonon measurements
on one of typical HTSCs, Lag_;Sr,CuQO4 (LSCO), by inelastic x-ray scattering, which enables the
measurements with a small sample. The LSCO has a single CuO- layered structure. In addition,
the doping concentration (z) can be easily controlled from the non-doped Mott insulator to the
overdoped normal metal in this system, so the doping dependence can be investigated precisely.

2. Experiments

The single crystals of LSCO were grown at Kyoto and Tohoku University using the traveling-
solvent floating-zone method. The experiments were performed at BL35XU of SPring-8. A silicon
(888) reflection backscattering monochromator was used to provide an incident x-ray beam, whose
energy was 15.816 keV. The scattered photons were analyzed using 4 independent spherical crystal
analyzers in a horizontal scattering geometry. The total energy and momentum resolutions were
6.0~6.2 meV and about 0.076 A~1, respectively. The measurements were carried out with a reflection
mode (Bragg geometry) at low temperature to reduce tails of low energy phonons.

3. Results

We measured the bond-stretching phonon mode La,.,Sr,Cu0,
along <100> direction, and defined the amplitude ™~ " T
of the softening (A) by fitting the dispersion curve ar
using a phenomenological function 0.5A4 cos(27¢) +
B, where A and B are constants. The z depen-
dence of the softening determined by present work
was shown in Fig. 1 together with the z depen-
dence of the T.. In general, a screened Coulomb
interaction causes a phonon softening, whose = de-
pendence is expected to be linear. In our result, an
anomalous enhancement, (hatched part;  ~0.15) of ;
the phonon-softening was observed in the supercon- ol : . 1o
ducting region. The present observation of precise =
dependence of the phonon softening will evoke fur-
ther discussions and studies to elucidate the reason Fig. 1 = dependences of the softening in

for the anomalous phonon softening in the HTSC. the bond-stretching vibration
along [100] and T, '

4 40

amplitude of softening (A) (meV)

X
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45.3.5 X-ray absorption and neutron diffraction study of CaMng¢Rug 405

Kenji YOSHII, Akio NAKAMURA®, Masaichiro MIZUMAKI®, Hajime TANIDAY,
Naomi KAWAMURA®, Hideki ABE?, Yoshinobu ISHII, Yutaka SHIMOJO®, Yukio MORII®
a) Advanced Science Research Center, JAERI, Tokai, Ibaraki 319-1195, Japan
b) Japan Synchrotron Radiation Research Institute (JASRI), Mikazuki, Hyogo 679-5198, Japan
c) National Institute for Materials Scienc (NIMS), Tsukuba, Ibaraki 305-0047, Japan

1. Introduction

Perovskite manganese oxides have attracted
renewed attention in this decade because of their 5000
intriguing properties such as  colossal
magnetoresistance and real-space charge-order. One of
the compounds, CaMnQO;, have an orthorhombic
crystal structure (Pnma) and is an insulating
antiferromagnet below ~150 K. Recently, it was
reported that ferromagnetism and metallicity are AL i e s
developed. for CaMn;_Ru;O3 where Mn is partially SEEVY S0 W Y NSV
substituted by Ru. '? CaRuO; (x=1) has the same %5 766
Prnma structure and exhibits metallic conductivity with
a tendency toward magnetic order at low temperatures. 26 (deg)
The Curie temperature was found to reach a maximum Fig. 1 Neutron diffraction patterns at 4 K
value of 210 K at x=0.4. In this work, X-ray (Space group P2,/n)
abasorption and neutron diffraction measurements were

Intensity

carried out to obtain further information about crystal,

magnetic and electronic structures of CaMng ¢Rug 40;.

2. Experimental @
The samples were prepared by the same method as E

noted in Ref. 1. Neutron diffraction patterns were o

measured at 300 K and 4 K using high resolution <

powder diffractometer (HRPD) at the JRR-3 nuclear S

reactor of JAERI. The patterns were fitted by the ‘g

Rietveld method using the program RIETAN-2000.% 2

X-ray absorption measurements were done at the <

BI01B1 beamline of SPring-8.

3. Results 2212 22.16
Figure 1 shows the neutron diffraction patterns at 4 Photon energy (eV)

K. The experimental pattern could be fitted on the
assumption of the coexistence of ferro- and Fig. 2 X-ray absorption spectra for the

antiferromagnetic domains, which was proposed four ruthenates

previously. ’ The ordered moments in the former and The spectra 1,2, 3 and 4 stand
the latter phases were 2.7 and 1.2 pp/unit formula, for those of CaRuOs;, SrRuO;,
respectively. Figure 2 shows that the absorption peaks CaMng¢Rug 403 and Pb,Ru,0xs,
for CaMng¢Rug 403 are located at the photon energies respectively.

between those of ARuO; (A=Ca and Sr; Ru*") and
Pb,Ru;0¢ 5 (Ru“'5 ). Y Thus, the average valence of the Ru ion in the present system is higher than 4+. The
plausible existence of Ru®* supports the proposed valency effect, i.e., the substitution of Ru’* generates the

Mn®* species and leads to ferromagnetic double-exchange interactions between Mn** and Mn*" . D
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5.3.6 X-ray topography on domain-controlled BaTiO; crystals

Yasuhiro YONEDA, Yoshiki KOHMURA®, Yoshio SUZUKIP),
Shin’ichi HAMAZAKI®), Masaaki TAKASHIGE? and Jun’ichirou MIZUKI
a) Institute of Physical and Chemical Research (RIKEN),

b) Japan Synchrotron Radiation Research Institute (JASRI),
¢) Fukushima National College of Technology d) Iwaki Meisei University

1. Introduction

Minituarization of ferroelectric components is the present endeavor in the micro electric
industry. Consequently the study of size-depend properties with micro-domain configuration is
important to elucidate the micro-structural characteristics of the ferroelectric components. The
local strain around the domain boundary should be spread on the whole crystal by minimizing
and by uniforming the domain size. In such conﬁguratlon the domain-size effect will be evident,
especially in crystal structure.

The BaTiOj crystal with micro-domains was prepared by substituting strontium for barium.
The ferroelectric domains were restricted by the impurities of strontium, and consisted square-
net pattern. We observed this domain-controlled BaTiO3 and normal butterfly BaTiOj3 crystals
by using synchrotron X-ray, including X-ray topography.Traditionally, X-ray topography has
been used for the samples with high-crystal quality like silicon. Most ferroelectrics has not been
performed X-ray topography because of their poor crystal quality. However, recently, some
ferroelectric materials were investigated with high-resolution synchrotron X-ray topography for
revealing domain-domain correlation rather than for evaluating crystal quality.

2. Results

The topographic image and polarizing mi-
croscope observation of square-net domain Ba-
TiOj3 are shown in Fig. 1 (a) and (b), respec-
tively. In the rocking curve observation, the
microscopic symmetry of the square-net do-
main BaTiO3 was pseudo-cubic rather than
tetragonal structure. If the BaTiOj3 crystal
shows the cubic symmetry, the whole area is
diffracted. In this case, only three narrow
lines were recorded in the CCD. The Sr-doped
crystal was not perfect cubic symmetry but
slightly strained tetragonal symmetry. The
periodicity in Fig. 1(a) is the same as that in
optical microscope, as shown in Fig. 1(b).

In the case of the tetragonal BaTiOj3, the
lattice strain causes the fluctuation of the sur-
face bending mode and tilting of the polar di-
rection. However, the moire-related pattern
was not observed in the X-ray topography.!)
The moire-related sharp lines as shown in Fig.
1(a) are characteristic of uniform and small
domain configuration.

Fig. 1 (a) X-ray dlﬁ'ractlon topography images
and (b) polarization microscope image
References of 0.5%-Sr-substituted BaTiO3 crystal
1) Y. Yoneda, Y. Kohmura, Y. Suzuki, S. at room temperature.
Hamazaki and M. Takashige, J. of Phys.
Soc. of Jpn. 73, 1050, 2004.
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5.4 Surface Chemistry Research

Surface Chemistry Research Group
Yuji BABA

Surface of solid is chemically active compared with the inside of solid. Such active properties also
show up in low-dimensional materials e.g., one-dimensional wires and two-dimensional ultrathin films.
The active property of a solid surface and low-dimensional material is applied to various functional devices
such adsorbent, gas sensor and catalysis. In order to contribute to the development of new surface
functional devices, it is of great importance to elucidate the dynamics of surface chemical reaction as well
as to clarify the electronic structures of low-dimensional materials at mono-layer and mono-atomic scale.

The main objectives of Surface Chemistry Research Group are, 1) to clarify the dynamics of gas-solid
reaction at mono-layer and mono-atomic scale using synchrotron radiation, 2) to search new
low-dimensional materials and elucidate their electronic and geometrical structures, and 3) to control
surface chemical reaction by core-level photoexcitation using linearly polarized synchrotron radiation.

In this chapter, seven recent highlights from the above topics are presented. First and second reports
(5.4.1 and 5.4.2) deal with the dynamics of chemical reaction at metal and semiconductor surfaces probed
by high resolution X-ray photoelectron spectroscopy installed at the BL-23SU SPring-8. The third report
(5.4.3) is the summary of nanotechnology researches performed in this half year at the surface chemistry
experimental station in the BL23SU of SPring-8. The following three reports (5.4.4, 5.4.5 and 5.4.6)
present the electronic and geometrical structures of two-dimensional materials, probed by X-ray absorption
spectra using linearly polarized synchrotron beams. These three works were performed at the beamlines
in the Photon Factory of the High Energy Accelerator Research Organization. The last report (5.4.7)
presents the in-situ observations on photo-induced decomposition of DNA components. This work is
now being conducted in cooperation with the Advanced Science Research Center, JAERIL.

Fig. 1 Fast neutral beam irradiation
system and electron energy
analyzer with 64-channel
detector installed at the
BL23SU, SPring-8

Fig. 2 Surface analysis system installed
at the BL-27A in the Photon
Factory, KEK for the analysis of
low-dimensional material and
photon-stimulated desorption
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5.4.1 Oxygen adsorption and reconstruction on Cu(111) induced by translational
energy of oxygen
Kousuke MORITANI, Akitaka YOSHIGOE, Yuden TERAOKA, Michio OKADA?, Toshio KASAI
‘ a) Graduate School of Science, Osaka University

1. Introduction .

The oxidation of Cu has been of great interest because of the important role of Cu oxides in material
science, for example, high T superconductors of cuprates and solar cells. Thus, many experimental and
theoretical studies have been performed to understand the
oxidation of Cu. Despite these considerable efforts, the
oxidation processes accompanied bk' complex surface
reconstructions are not fully understood"”. Copper oxide thin O1s
films grown on a Cu (111) surface are frequently reported as
well-ordered, but several different types of surface ordered
structures were found depending on the surface preparation '

conditions:_ the ‘29 - (\/ER46.1°><7R21.8°? and the 04 _

‘49 - (\/7_3R5.8° xV21R- 10.9°)  structures®®, These

structures consist of three O and two Cu layers on the surface,
which are quite similar to the bulk Cu,O structure. Moreover,
Judd et al. reported another structure at a high O, exposure,
~10° L, where the Cu 111) surface reconstructed to a slightl;'
distorted Cu(100)- (/2 xw/f)R45°-O layer with O atoms’. T
We studied the oxidation process of Cu(111) accompanied by

reconstruction with a hyperthermal O, molecular beam

Intensity (arb. units)

i

: 0.10 A

F L e L VDUV WO N | VN
T 1 T T T 1)

532 531 530 529 528 527 526

(HOMB) using X-ray photoemission spectroscopy (XPS) in Binding encray (eV)
conjunction with a synchrotron radiation (SR) source. Fig. 1 The evolution of O-1s-XPS
- spectra during 0.5-eV O,
2. Experimental ' molecular beam irradiation on
All experiments were performed using a surface reaction Cu(111) surface and the LEED
analysis apparatus (SUREAC 2000) constructed in BL23SU at pattern at oxygen coverage of
SPring-8.  Cu(111) samples were cleaned by repeated 0.43 ML

sputtering with 1-keV. Ar" and annealing at 870 K. The
sample was exposed to HOMB seeded in Ar and/or He.
Changing the seeding ratio controlled the kinetic energy of
HOMB. After exposing to a proper amount of thermal O, or
HOMB, the O-1s XPS spectra were measured in the 04| o 05cVHOMB

054 Cu(111)

surface-normal direction. All experiments were performed at § - ?1&23:;’1}{(? ZAB

a sample temperature of ~300 K. % 034

3. Results § 02

Figure 1 shows evolution of O-1s XPS spectra during 0.5- i;‘:

eV-HOMB irradiation and a LEED pattern, which is consistent © 014

with a slightly distorted Cu(100)-(v2 x v2)R45°-O layer on

Cu(111) surface. At ~03 ML, another peak which 0.0

corresponds to distorted Cu(100)- (2 x 4/2)R45°-O grows at AR

the low binding energy side, while symmetric single peak grow 0, dose (molecules/em %)

at first. Such oxygen adsorption accompanied with .

reconstruction to Cu(100)-(v2 x V2)R45°-O above ~0.3 ML Fig- 2 Oxygen uptake curves for

is induced by 0.5-eV HOMB as shown in Fig. 2. hypert.hem?al.Oz molecular
beam irradiation and thermal

References gas dose on Cu(111).

1) D. P. Woodruff, J. Phys.: Condens. Matter 6, 6067, 1994,
' 2) F. Jensen, F. Besebacher, E. Laegsgaard and 1. Stensgaard, 259, L774, 1991
3) F. Jensen, F. Besebacher and I. Stensgaard, 269/270, 400, 1992.
4) T. Matsumoto, R. A. Bennett, P. Stone, T. Yamada, K. Domen and M. Bowker, Surf. Sci. 471, 225, 2001.
5) R. W. Judd, P. Hollins, and J. Pritchard, Surf. Sci. 171, 643, 1986.
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5.4.2 Real-time in-situ photoemission spectroscopy using synchrotron radiation
for thermal oxidation on Si(001) at high temperature

Akitaka YOSHIGOE, Kousuke MORITANI, Syunsuke HACHIUE and Yuden TERAOKA

1. Introduction

Thermal oxidation processes on Si(001) surface is important to form well-controlled gate-oxide thin
films of metal-oxide-semiconductor field-effect-transistors (MOS-FETs). With decreasing the sizes of the
ultra-large scale integrated (ULSI) devices, it is essential to understand and control the chemical
compositions and the film thickness in the nanometer scale. Furthermore, it is also interesting from the
viewpoints of the surface chemistry as a basic science, because the oxidation includes many surface
processes, such as adsorption of oxygen molecules, migration and desorption of not only adatoms but also
products. In order to realize the reaction mechanisms of thermal oxidation on Si(001) surfaces, we

investigated the time evolution of Si oxidation states (Si'", Si**, Si**, Si*") by means of real-time in-situ -

photoemission spectroscopy using synchrotron radiation V.

2. Experimental
. All experiments were performed at the
surface reaction analysis apparatus
(SUREAC2000) of the BL23SU in
SPring-8. The surface temperature was (A)B60 K (B>1000 K
1000 K and the O, gas was fed into the

reaction chamber at 1x10™*Pa through a Dose ! Langmuir Dose ! Langmuir
variable leak valve. Real-time in-situ o 100 200 rd 100 200

o . R . 44
photoemission  spectroscopy  using 1 s+ S

-
T

synchrotron radiation was performed
during oxidation. The photon energies

N o
N :} -
L

Normalized intesity /arb. units
()

were 409eV for Si-2p, and 830eV for g* o
O-1s photoemission spectra, respectively. tr 1 :

It took 30 s and 5 s to measure one Si-2p o : L bbbt
and O-1s spectra, respectively. [ &%

3. Results
The oxygen uptake curve measured by
the real-time in-situ O-1s photoemission

Normalized intesity { arb. units
NO

s . A 1 91-& ' 1 k 51 3
pectroscopy  showed the typical

Langmuir-type adsorption at 860K and ol iy
two-dimensional island growth at 1000K,
respectively. Figure 1 shows the time
evolution of Si oxidation states derived ~ Fig. 1 Time evolution of Si oxidation states

o

0 100 200 300 0 100 200 300
Oxidation time !s Dxidation time /s

from the real-time . in-situ Si-2p obtained by . real-time Si-2p
photoemission spectra. The Si** species photoemission spectroscopy using
relating to the backbond oxidation at the synchrotron radiation at (A) 860K and
topmost Si dimers appeared in (B) 1000K _

conjunction with Si'* species in the The pressure of O, gas is 1x10*Pa.

initial oxidation stage at ‘1000K in the

case of the two-dimensional island

growth condition. We clarified that the

topmost Si atoms bonding to two oxygen

atoms play an important role as an initial adsorbate to progress the oxidation. Since Si oxidation states with
higher oxidation number, such as Si** and Si**, appeared in the early oxidation states as well, we
concluded that SiO, adsorbates constructed with the Si*" species was preferentially formed on Si(001)
surface at 1000K.

Reference
1) Akitaka Yoshige, Kousuke Moritani and Yuden Teraoka, Surf. Sci. (in press).
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5.4.3 Nanotechnology researches supported at the surface chemistry experimental
station in the BL23SU of SPring-8

Yuden TERAOKA, Akitaka YOSHIGOE, Kousuke MORITANI

1. Introduction

JAERI ‘is supporting researches concermng nanotechnology by applying its four beamlines. The
research support subject at the BL23SU is “Formation of ultra-thin metal oxide layer and its photoemission
spectroscopic analyses”. The surface chemistry experimental station is also used for the research supports.
By using the station, an ultra-thin oxide layer can be formed at surfaces of various kinds of metals and
semiconductors using supersonic molecular beam techniques. Therefore, surface reaction dynamics of
incident molecules can be also studied. The high brilliance and high energy resolution synchrotron
radiation contributes to real-time in-situ photoemission spectroscopy for the observation of the initial
formation processes of ultra-thin oxide layer. In 2003, the following three subjects were accepted for the
research supports. First, “The real-time in-situ XPS analysis of the ultra-thin oxide-layer formation
processes at the Ti(0001) surface” by Tohoku University group, second, “The oxidation reaction dynamics
at the Si(111) surface” by AIST group, and finally “Trial of Au(l111) oxidation by a supersomc 0))
molecular beam” by Osaka University group.

2. Experimental

All experiments were performed at the surface reaction analysis apparatus (SUREAC2000) in the
BL23SU. The surface oxidation was done in the O, gas ambient or by irradiating the supersonic O, beam.
The translational kinetic energy of O, molecules can be controlled up to 2.3 eV. The oxidized surfaces were
analyzed via in-situ photoemission spectroscopy with soft x-rays. Owing to the high energy resolution and
high brilliance synchrotron radiation, real-time XPS measurements can be also performed.

3. Results
3.1 Ti(0001) oxidation'? :

Ti oxide is important as a photo-catalyst and also a passivation layer of vacuum ‘material. In order to
make clear the oxidation mechanisms, the Ti(0001) surface was oxidized by O, molecules and the oxide
layer was analyzed by real-time in-situ XPS. The initial reaction probability decreased with increasing
incident energy. This implies that the O, molecule dissociates at the Ti(0001) surface via. a
trapping-mediated mechanism. The oxide-layer thickness reached to be 5 nm even at room temperature in
the O, ambiance condition. The thickness in the case of 2.3 eV-O,-beam irradiation was thinner than that of
O, ambiance. Nevertheless, Ti was well oxidized up to TiO, rather than TiO by the action of O, incident
energy.

3.2 Si(111) oxidation

The incident O, energy dependence for the initial oxidation processes was investigated by using the
supersonic O, beam. The O-1s photoemission showed that the oxygen amount at the saturation increased
with increasing O, incident energy. This implies that the oxide-layer thickness is controllable with a
nanometer scale not only by temperature but also by the incident energy. The Si-2p peak de-convolution
showed that the SiO; (Si*") component was dominant with increasing O incident energy. Consequently, the
incident energy has effects of promoting the oxide-layer thickness and the silicon oxidation number.

3.3 Au(111) oxidation

A gold surface is known as inert chemically. However, the Au(111) surface was expected to be oxidized
by the supersonic O, beam. The threshold energy was estimated to be 1.8 eV by theoretical calculations. No
evidence, however, for oxidation was found even by the use of O, beam with the incident energy of 2.3 eV
although oxygen ion beams with 1 keV energy were effective for oxidation.

References

1) Y. Takakuwa, S. Ishidzuka, A. Yoshigoe, Y. Teraoka, K. Moritani, S. Ogawa, Y. Mizuno, H. Tonda and T.
Homma, J. Vac. Soc. Jpn. 47, 457, 2004 (in Japanese)

2) Y. Takakuwa, S. Ishidzuka, A. Yoshigoe, Y. Teraoka, Y. Mizuno, H. Tonda and T. Honma, J. Surf. Sci.
Soc. Jpn. 24, 500, 2003 (in Japanese)
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5.4.4 Formation of hexagonal boron nitride ultrathin film on Si(111)
Iwao SHIMOYAMA, Yuji BABA, Tetsuhiro SEKIGUCHI and Krishna G NATH

1. Introduction

Due to the wide band gap property and graphite-like structure, hexagonal boron nitride (h-BN) is an
attractive material as a candidate of ultrathin insulator. So far, epitaxial #-BN monolayer has been formed
on a few single crystal surfaces of transition metals by chemical vapor deposition (CVD) method with
borazine (B3;N3;Hg) gas . However, semiconductor surfaces have not been used as substrates for the #-BN
epitaxial monolayer. Then, we attempted to form A-BN ultrathin film on Si(111) with same method. In this
study, the electronic structure and orientation of the thin film formed on Si substrate was investigated by
near edge X-ray absorption fine structure (NEXAFS) spectroscopy.

2. Experimental
The experiments were performed at the BL-11A of the Photon Factory in the High Energy Accelerator

Research Organization. After Ar" sputtering and annealing procedures, Si(111) surface was exposed to

borazine gas (10~10~ Pa) at high temperature in an ultra high vacuum chamber. Substrate temperature

and borazine dose were changed as synthesis parameters. The thickness and composition ratio of the thin

films were estimated by X-ray photoelectron spectroscopy (XPS) measurements with monochromatic

X-ray (hv=450eV). NEXAFS spectra were measured by total

electron yield method. We also investigated electronic

structures of bulk #-BN and A-BN ultrathin film on Ni(111)

substrate for comparison with NEXAFS spectroscopy. )

3. Results and discussion

Figure 1 shows the thickness of the films as functions of
substrate temperature and borazine dose. The thickness
reached to 6.5 A at 1000 °C and 10* L. This thickness
corresponds to two monolayers of A-BN. In the case of
h-BN/Ni(111), we obtained same thickness at 800 °C and 180
L 2. [B)/[N] ratio was larger than unity for thin films (< 3 A),
however this ratio was almost unity for thick films (>3 A). . . .
This suggests B-rich film was formed in the initial stage and Fig. 1 '(li“:lzl;?tzzs:: g-iglflt)h;grﬁ\g::'?ous
stoichiometric BN ultrathin film finally grew. sul‘))strate-temperatures and

Figure 2 shows B K-edge NEXAFS spectra of the BN borazine doses
films. Top spectrum shows result for the thin film prepared at
1000 °C and 5.4x10% L. Middle and bottom spectra show the L h-'BN/Siilll)
results for bulk A-BN and A-BN/Ni(111), respectively. Here, i ]
magic angle is chosen for incidence angle of X-ray to cancel [ ]
out the polarization dependence. The spectrum of the BN thin " JU\’\/\_—
film is similar to that of bulk #-BN. Furthermore, the spectra :
of the film showed graphite-like polarization dependence.
The sharp peak around 192 eV, which is assigned to B s>
transition, was enhanced at grazing incidence and suppressed
at normal incidence. This gives clear evidence for formation
of A-BN on Si(111). In the spectrum of A-BN/Ni(111), new n
peak appears which originates from hybridisation between T
orbital of A-BN and Ni atomic orbitals. However, the
spectrum of A-BN/Si(111) does not show such modification

jckness /A

T

Intensity (arb. units)

h-BN/Ni(111) 1

of 7" state. This indicates that the interaction between Si(111) 180 1% 200 210 20 230

and A-BN is weak and A-BN ultrathin film would keep Photon Energy / eV

intrinsic insulating property on Si(111). Fig. 2 K-edge NEXAFS spectra of
h-BN/Si(111) (top), bulk h-BN

References (mlddle), and h-BN/Nl(lll)

1) A. Nagashima et al., Phys. Rev. Lett. 75, 3918 (1995). (bottom) at magic angle

2) 1. 'Shimoyama et al., J. Elec. Spec. Relat. Phenom. 137-140, 573 (2004).
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5.4.5 Structure of ultra-thin SiC studied by X-ray photoelectron spectroscopy and
polarization-dependent near-edge X-ray absorption fine structure

Yuji BABA, Tetsuhiro SEKIGUCHI, Iwao SHIMOYAMA, Krishna G NATH

1. Introduction

The discovery of carbon nanotube has stimulated the search for new low-dimensional matenals
composed of carbon atoms. The versatility of carbon allotrope originates from the stability of both sp’
and sp conﬂguratlons in C-C bonds. Recently some of new hetero-atomic low-dimensional materials of
which configurations are similar to those of graphite, fullerene and carbon nanotube were synthesized.
For example, B-N nanotubes, B-C-N nanotubes, Si and SiC nano-wires, and SiOy nano-flowers were
synthesized. Among them, SiC-based low-dimensional materials have attracted particular attention as a
wide-gap electronic and optoelectronic material, because it has excellent properties such as high thermal
conductivity and chemical stability. In this report, we present the electronic and geometrical structures of
ultra-thin SiC films synthesized by low-energy ion-beam deposition and post-annealing using organic
silicon compounds as source materials.

2. Experimental

The experiments were performed at the BL-27A station in the Photon Factory of the High Energy
Accelerator Research Organization (KEK-PF). The X-ray beam was linearly polarized in the horizontal

direction. A single crystal of highly oriented pyrolitic graphite
f\/\\ i (100)

tetramethylsilane (TMS) was used as a source gas. The ions
were bombarded on HOPG at about 10 eV. The monolayered
SiC was synthesized by 1) ion-beam deposition at 1. 1x10"

(HOPG) was wused as a substrate. High-purity
ions/cm’, and 2) annealing at 850°C by YAG laser. p-sic

lntansity (arb. units)

3. Results and discussion

X-ray photoelectron spectra show that the binding energy Photon energy (V)

of Si 1s peak for monolayered SiC is higher by 2.8 eV than that .

for bulk SiC, suggesting that the silicon atoms in monolayered E 1

SiC films are more positively charged than those in the bulk-SiC. s W .
A

1870

-

Figure 1 shows the polarization-dependent near-edge X-ray 80
absorption fine structure (NEXAFS) spectra for monolayered
SiC film. For comparison, NEXAFS spectra for bulk Si(100)
and B-SiC are shown in the upper figure. Sharp peaks (marked
A) are clearly seen at 1840 eV in the spectra at 10° and 30°
incidences. It should be noted that the energy of this new peak
is lower than that for -SiC. Such a low-energy peak has never
been reported for any silicon-containing materials. Inferred
from the C K-edge NEXAFS for carbon-containing
compounds”, the Iow—energy and sharp features of the peak A
suggests the existence of = -like orbitals around Si atom. A
remarkable polarization dependence is observed; The intensity
of the peak A decreases with the increase in the incident angles,
and it almost disappears at nearly normal incidence (6=80° )
From this polarization dependence, we can suppose that the
final state orbitals represented by the peak A is perpendicular to
the surface. The result suggests that Si atoms are located as
one of the six-membered aromatic ring in graphite-like
configuration. It is concluded that the obtained monolayered
SiC film has flat-lying two-dimensional structure of which
configuration is similar to a single sheet of graphite.

10°

50° A

Intensity (arb.units)

1840 1850 1860 1870
Photon energy (eV)

Fig. 1 Polarization dependence of
NEXAFS spectra at the
silicon K-edge for
monolayered SiC

For comparison,
NEXAFS spectra for
References standard materials of

1) R.A. Rosenberg et al., Phys. Rev. B 33, 4034, 1986 §i(100) and B-SiC are shown
’ in the upper figure.
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5.4.6 Local bonding states of ion-irradiated graphite investigated by
photon-stimulated desorption (PSD) technique

Tetsuhiro SEKIGUCHLI, Yuji BABA, Iwao SHIMOYAMA and Krishna G. NATH
1. Introduction

The local bonding states of ion-irradiated graphite have been investigated by photon-stimulated
ion-desorption (PSID) technique that is incorporates polarized with NEXAFS spectroscopy. Graphite is one
of candidate materials for the first wall of fusion reactors. The damage effect of the graphite surface by
deuterium-ion irradiation is thus key subject in fusion research. Irradiation products show a variety of
complex formation of carbon-hydrogenous (C-H, C-D) bonds. Commonly used surface analyzing
techniques such as X-ray photoelectron spectroscopy (XPS) and Auger electron spectroscopy (AES) are,
however, not sensitive to hydrogen. Experiments with a time-of-flight mass-spectrometer (TOF-MS) using
pulsed synchrotron radiation have therefore been designed to isolate individual bond.

2. Experimental

The experiments were performed at BL13C station. The dependence of fragment-ion yields on photon
incidence angles were measured using a rotatable TOF-MS'? that was developed in our laboratory. TOF
measurements were done using pulsed soft X-rays during the single bunched operation. Polarized NEXAFS
was measured by recording carbon-KVV Auger electron yields (AEY). The sample was prepared by
irradiation of D, ions into highly oriented pyrolitic graphite (HOPG) single crystal.

3. Results and discussion .

In Fig. 1 we compare the carbon K-edge (a)H -PSID and (c)AEY-NEXAFS spectra of D+-irradiateq
HOPG for various polarization angles (8). Broken lines show the assignments of resonances. In 8=45°, H
curve is similar to AEY. In 6=10°, however, H yields are enhanced in a resonance characteristic of C=C-H
site. This resonance is most probably of C1s—c*(C-H). It is noteworthy that the enhancement of H yields
depends on polarization angles. This is an evidence for the mechanism of direct desorption; namely, core
excitation directly follows C-H bond-braking and H desorption. The mechanism of indirect desorption
induced through collision excitation by secondary electrons is ruled out in c*(C-H) state. '

In analogous with H ions, D yields (Fig. 1(b)) are enhanced in 6*(C-D) state characteristic of C=C-D
site. Another interesting fact is that D yjelds show very strong enhancement in 6*(C=C) state which is
characteristic of C=C bonds. Very high D yields in the 6*(C=C) state suggest that de-excitation processes
are not prominent. It comes to the conclusion that graphite basal planes are decomposed owing to ion
irradiation and fragmented planes bonded to D atoms are smaller sized compared with those bonded to H
atoms.

A tilt angle (o) between transition dipole moment for C1s—¢*(C-D) and the surface normal can be
calculated based on polarization dependence of D yields. Fig .1(d) shows spectra simulated with the best
fitted o, 36°. The results

suggest that small-sized . @[wrso)| T ® e, @0E]| [ (@ smueten]

carbon planes with C-D oo o

bonds are tilted up from
the substrate plane. This

280 290 300 310 320 280 2%0 300 310 320 280 290 300 310- 320 280 290 300 310
Photon Energy (eV) Photon Energy (eV) Photon Energy (eV) Photon Energy (eV)

a,

surface modification g=10

was induced by ion
irradiation.

In summary, * the
results demonstrate that
the present technique
enables one to measure
partial X-ray absorption
cross section relevant to
each bond and to obtain  gjg, 1 C K-edge (a) H', (b) D", (c) AEY, and (d) simulated NEXAFS

8=45"

Inten?ity (Arbitrary Unifs)

lma'nsity (Arbitrary L'}nits)
'Intens ity (A'rbitrary Unit's)
Intensity (A rbitrary L'Jnils)

insights into  local spectra of D'-irradiated HOPG for various polarization angles (6)
structure such as a bond The "9" shows the incidence angles of X-ray beam. The E
orientation. vector of polarized light and the surface normal has an angle of 6.
References

1) T. Sekiguchi et al., Surface Science, 532-535, 1079 (2003); ibid 528, 242 (2003).
2) S. Wada and T. Sekiguchi et al., Nucl. Instr. Meth. Phys. Res., B199, 361(2003).
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5.4.7 Decomposition of 2-deoxy-D-ribose by irradiation with 0.6 keV electrons and
by 0.5 keV soft X-rays

Kentaro FUJII, Ken AKAMATSU® and Akinari YOKOYA
3 Radiation Risk Analysis Laborgtory

1. Introduction

To understand the mechanism of the molecular lesions in
DNA induced by ionizing radiation, we have studied
photo-decomposition of DNA components using a
quadrupole mass spectrometer (QMS) installed in a soft
X-ray undulator beamline in SPring-8' ). In our recent study,
we revealed that the sugar moiety is one of the most fragile
site in DNA molecule by measuring the desorbed ions from
DNA components®. This study showed that not only the
primary photoabsorption process, but also subsequent process
induced by the resulting secondary electrons such as Auger
electrons, largely contribute to the desorption of fragment ion
species from the sugar residue. In the present study, we have
attempted to reveal which process in the main contribute to
the degradation of DNA components by comparing the
desorbed ion spectra of 0.6 keV low-energy electron and 0.5
keV soft X-ray photon irradiations.

2. Experimental

Measurement of the desorbed positive ions was
performed using the soft X-ray beamline (BL23SU) in
SPring-8. The desorbed ions were detected by a QMS
analyzer positioned ~30 mm from the sample thin film. The
low-energy electron beam from the electron source was
inclined at 45° to the soft X-rays.

3. Results and discussion

The desorbed ion spectra induced by irradiation with
low-energy electrons (0.6 keV) and soft X-rays (0.5 keV) are
shown in Fig. 1. The ions that were desorbed from
2-deoxy-D-ribose due to electron irradiation were mainly H',
CH,', C,H,’, CO", CH,O", C;H,", C,H,O" and C3H,0" (x=1,
2, and 3) ions. These ions were the same as those observed in
desorption due to soft X-ray irradiation. Therefore, it is
inferred that these products are primarily produced by
secondary electrons (less than several hundreds of eV). The
changes induced in the X-ray absorption near edge structures
(XANES) spectrum by the low-energy electron irradiation
are shown in Fig. 2. The n* peak, at around 532 ¢V, increased
with increasing electron irradiation dose. On the other hand,
the intensity of the o* peak, at around 538 eV, decreased.
This result showed C-O bond cleavage in the molecule and
C=0 bond formation in the surface residues. The energies of
the two peaks (531.4 eV and 532.4 eV) coincide with the
excitation energies of the n*(C=0) of formaldehyde and the
*(C=0) of acetone, respectively. These results indicated that
aldehyde-type and ketone-type products are formed as
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Fig. 1 Mass spectra of positive ions

obtained from a
2-deoxy-D-ribose thin film due
to (a) low-energy electron (0.6
keV) irradiation and (b) soft
X-ray (0.5 keV) irradiation
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Fig. 2 X-ray absorption near edge
structures (XANES) spectra of
2-deoxy-D-ribose obtained
after irradiation with the
low-energy (0.6 keV) electrons

residues by the 0.6 keV electron irradiation as well as the positive ions observed above.
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5.5 Heavy Atom Science
Youichi MURAKAMI

The aim of our research is to elucidate the electronic ordering and the dynamics in the
strongly correlated electron systems. The electronic ordering is characterized by the three
degrees of freedom, that is, charge, spin and orbital. However, it is not so easy task to detect
the ordering of these degrees of freedom by the normal x-ray diffraction. For that purpose
we have developed the experimental technique of the resonant x-ray scattering (RXS) to
detect these ordering. The RXS is a powerful tool to detect the charge, spin, and orbital
ordering. Our station of the beamline BL22XU is dedicated to the RXS experiments of the
transition metal K-edge, the rare-earth L-edge, and the actinidle M-edge energy. The
characteristics of this station are the capability of the RXS at the low x-ray energy down to
3.0 keV. The uranium compound (M4-edge: 3.73keV, M5-edge: 3.55 keV) is a good target
to investigate the charge, spin, and orbital ordering. The high brilliance of this station also
make it possible to measure the ordering under extreme conditions, such as high magnetic
field, high pressure in low temperature. This year we have developed the technique of the
diffraction experiment using pulse magnet. In order to study the dynamics we have
constructed the spectrometer for resonant inelastic x-ray scattering (RIXS) in a station of the
beamline BL11XU. Recently we have started to investigate the dynamics of high Tc cupper
compounds. '

In this chapter, we will present the following researches including the development of the
experimental technique:

(1) the applicaiton of pulsed magnetic field upto H=30T,

(2) the charge gap excitation of a high Tc cupper compound by RIXS,

(3) the development of the coherent x-ray diffraction,

(4) the observation of the RXS from the magnetic ordering in a uranium compound,
(5) Mossbauer microspectroscopy of corrosion material.

Fig. 1 Two-axis diffractometer in BL22XU during the experiment on Uranium compounds
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5.5.1 Application of pulsed magnetic fields to synchrotron x-ray diffraction experiments

Toshiya INAMI, Kenji OHWADA, Y. H. MATSUDA®, Y. UEDA®, H. NOJIRI®,
Y. MURAKAMIY, T. ARIMA® and K. YOSHIMURA?

a)Okayama University, ®Tohoku University, C)University of Tsukuba, d)I(yoto University

1. Introduction ‘

A magnetic field is one of important external parameters, such as temperature, pressure and electric
fields, which control phase transitions. However, magnetic field is a rather weak field and thus a magnetic
field required in order to cause a phase transition readily exceeds twenty or thirty Tesla. Nevertheless,
usually x-ray diffraction experiments under strong magnetic fields are performed using a superconducting
magnet, and recent maximum fields are only 15 T. A pulsed magnet is one of methods which overcome this
limitation. Recently, we have constructed an x-ray diffraction system combined with a pulsed magnet b,
Here, we shortly describe particular features of the system and show the results of demonstration
experiments.

2. X-ray diffractometer with pulsed magnet )

A key technique in this system is that we employed a small pulsed magnet. A small magnet produces
little heat. Hence the magnet can be cooled down by using a conventional closed cycle He refrigerator and
is readily included in a conventional x-ray diffraction system. The diameter of the magnet coil is only 20
mm; the length is 25 mm -and the bore size is 3 mm. However, the maximum magnetic field of this coil is
more than 30 T. The pulse duration is about 1 msec. For data acquisition, we employed time-resolved
measurements. Using a multi-channel scalar, the diffracted intensity is counted every 10 psec. In order to
deal with diffracted x-rays about 10’ counts/sec, we used an avalanche photo diode as a detector 2.

3. Results

We first measured the field-induced structural phase transition of Prg¢CagsMnO;. PrgCagsMnO;
undergoes a transition from an antiferromagnetic insulator to a ferromagnetic metal around 8T at low
temperatures, which is accompanied by a huge orthorhombic-orthorhombic structural change. We set the
diffractometer at the top of the 202 reflection and
applied a pulsed magnetic field. The diffracted

intensity was recorded as a function of time. It YbinCu, 32K 220 reflection
showed a steep fall at around 9T and increased 160 ' 13037 — 20.9T --
again when the field was decreased below 2T. 140 r 30T — 1857 - 7
Similar temporal developments were measured at § 120 - gg'g} - :gg; ]
several reciprocal lattice points along the radial S 1or 57.7T ~ 10.2T ~ ]
direction, and the change of the 8-20 profiles as a - 80} 26.4T -~ 7AT -~
function of magnetic fields was obtained. £ 60 - 2487 -~ 37T — |

The second example is the valence transition 3 2307 - 05T -
of YbInCuy. At high temperatures, the Yb ion is O.4or ]
trivalent, whereas below 42K. the valence is 20 / B : Sz . ’
reduced to approximately 2.9. Simultaneously the 3385 Y 305
lattice volume increases about 0.5%. This low- 20 [degree]

temperature metallic phase is also broken by the

application of the magnetic field. We applied Fig. 1 0-20 profiles of the 220 reflection as a
pulsed magnetic fields up to about 30T, and function of magnetic fields

observed the intensity change of the 220 reflection. The lattice shrinks in the high-field
In Fig. 1, the reconstructed 0-26 profiles are
shown as a function of the magnetic field. The
volume expansions at high fields are clearly
observed.

- phase.
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5.5.2 Charge gap excitation of optimally doped YBa;Cu30_5
studied by resonant inelastic x-ray scattering
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Jun’ichiro MIZUKI, Yasuo ENDOH ?, Kenji TSUTSUI ¥, Takami TOHYAMA ®,
Sadamichi MAEKAWA ®, Takahiko MASUI 9, Setsuko TAJIMA ©
a) Institute of Advanced Studies,  b) IMR, Tohoku Univ., ¢) ISTEC

1. Introduction

Strongly correlated electron systems have been an attractive issue in recent condensed matter physics.
Strong on-site Coulomb interaction separates a partially filled band into the occupied lower Hubbard band
(LHB) and the unoccupied upper Hubbard band (UHB), and it produces a charge gap, known as the Mott
gap, which has quite different character from the usual band gap due to the Pauli’s exclusion principle. The
measurement of the whole Brillouin zone using a momentum-resolved experimental technique is
indispensable for understanding of the electronic structure of these systems. Angle-resolved photoemission
spectroscopy (ARPES) provides a plenty of information of the LHB with momentum resolution”. On the
other hand, resonant inelastic x-ray scattering (RIXS) can elucidate nature of the charge gap, which reflects
both the LHB and the UHB. Here, we report the RIXS experiment on the high-T, superconductor,
YB2,Cu307.5 at the optimal doping (7. = 93 K). In YBa,Cu;07.5, there are two crystallographycally
inequivalent Cu atoms. One forms a CuO, plane which is a playground of the superconductivity, and the
other is in the CuO chain along the b-axis. : ‘

2. Experimental :
The RIXS spectra of YBa;Cu;0.5 single crystal were measured at beam line 11XU at SPring-8. Overall
energy resolution is about 400 meV. The c-axis of the crystal was kept perpendicular to the scattering plane.

3. Results and Discussion )

First we measured spectra varying the energy of incident x-ray to determine the resonant energy. The
excitation at 2-3 eV, corresponding to the charge gap excitation, is resonantly enhanced at 8990 eV. Figures
1 show the momentum dependence of RIXS spectra of YBa,Cu;075. We found two characteri§tics in the
low energy region. One is an excitation at 2 eV which is prominent at the zone boundary of b -direction,
that is, the intensity is enhanced near (0,7), as indicated by the arrow in the figure. The other is an
excitation at 3 eV which can be seen clearly in the spectra along [100] direction. Clear momentum
dependence along the b -axis of 2 eV peak is a direct evidence that this is the excitation between the Mott
gap of the chain, because the excitation along the b -axis should be equivalent to that along the a -axis in
the plane. On the other hand, the excitation from CuO, plane is around 3 eV and the dispersion is small, as
clearly seen in the spectra of q//[100]. These characters are well reproduced by a theoretical calculation
based on the one-dimensional Hubbard model for the chain and two-dimensional one for the plane, where

the lower Hubbard band is regarded as the q /1 [100] q/[010]
Zhang-Rice band (ZRB). Our results i , , ,
demonstrate for the first time that the charge L (@) * (=,0) ] (b) ¥ . (0.2)
gap in the plane is smaller than that in the by :8;,‘52;83 3 228;3",,,’23
plane. Furthermore the dispersion of the i ° (2n/5,0) 1 ] « (0,21/5) ‘]
excitation in the plane is almost flat in contrast i " (5.0 d L , O, e
to the case in undoped Ca,CuO,ClL” and 3 - P Al b _—
La,CuO,”), in which the dispersion of the order & | . e wt] ST M
of 1 eV was observed in the low energy 2 |.. kel et d 2 feene’ ot .,,;’nf
excitation. The smaller dispersion in the § B wige, ' [ S a - St
hole-doped CuO; plane is predicted in theory, = = ' o T e P iy et
and it is discussed in relation to the | . ' P TTLE R J . N,
antiferromagnetic correlation®). ™ g el gt
References R e L [ e et 1
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3) Y. J. Kim et al., Phys. Rev. Lett. 89, 177403 Fig. 1 RIXS spectra of YBa;Cu30.5
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5.5.3 Development of a setup for the coherent x-ray diffraction at BL22XU

Kenji OHWADA, Toshiya INAMI, Tetsu WATANUK]I, Youichi MURAKAMI
Susumu SHIMOMURA®, Naoshi IKEDA"
a) Department of Physics, Keio University b) Japan Synchrotron Radiation Research Institute

1. Introduction ,

In recent advances of the third generation
synchrotron sources such as SPring-8, the use of the
coherent x-ray beam becomes familiar. When a
coherent x-ray illuminates a disordered material, the
fine structure of the Bragg scattering can be observed,
called speckle pattern. The speckle pattern contains
information of the higher order structure of the
material larger than a unit cell, so-called
nano-scaled-domain. When the domains fluctuate by a
© certain perturbation, the speckle pattern also fluctuates.
The intensity fluctuation provide the correlation time
of the domain dynamics. Thus, the coherent x-ray
diffraction (CXD) is a candidate of the new technique
for observing  the dynamics of  such
nano-scaled-domains. To know the possibility of
realization of the CXD at BL22XU, we developed
some setups and evaluated them.

2. Experimental :

BL22XU is one of beam lines of JAERI. Firstly,
we studied the coherence of the x-rays by the
Fraunhofer diffraction through a slit. The width was
varied from 3 to 40 um and the outgoing x-ray was
detected at 45 m downstream from the slit. Then, we
put a small pin-hole having a diameter of 20 pm just
above upstream from the standard sample Cu3Au,

which has static nano-scaled-domain (generally called

anti-phase domain)”, within near-field range. We
observed the speckle pattern by using the detection
pin-hole which also have a diameter of 10 um and is
put at 1.2 m downstream from the sample. 8 keV
x-rays were used for all experiments.

3. Results

Figure 1'shows the Fraunfoher diffraction profiles
as a function of slit width. The distance between
fringes increases as the slit narrows; it is one of the
characters of Fraunhofer diffraction. These
observations well represent that the incident x-ray is
coherent (> 40 pum vertical). Figure 2 shows the
speckle pattern at 110 Bragg diffraction from CusAu.
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Intensity (counts/10sec.)

Fraunhofer diffraction
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Fig. 1 Fraunhofer diffraction
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Fig. 2 Speckle pattern from CuzAu

The speckle size (£) is about 20 um and consistent with the value derived from the present setup

&= AR/D=18.6um, where A is the wavelength (1.554), R is the distance from the sample to the pinhole

(1.2m) and D is the size of the incident pinhole (10 pm). Here, we present the coherence of the incident

x-rays of BL22XU and demonstrate the speckle pattern from CusAu which has static domains. We will
refine the setup of BL22XU and study the domain dynamics in the near future.
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5.5.4 Observation of resonant x-ray magnetic scattering in UNiGas
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a) Synchrotron Radiation Research Center, JAERI,  b) Graduate School of Science, Tohoku Univ.
¢) Advanced Science Research Center, JAERI, d) Graduate School of Science, Osaka Univ.
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1. Introduction
UNiGas shows antiferromagnetic ordering below Ty = 86 K", and the antiferromagnetic })ropagation

vector in UNiGas is [1/2 1/2 1/2] and uranium moments with 0.75 pg orient along c-axis?. The band
calculation shows that the U-5f bands around Ej are hybridized the Ga-4p bands®. Therefore, It is easily
expected that the Ga-4p bands may receive some effects of spin and orbital polarization of U-5f bands.
Resonant x-ray scattering is a useful experiment to select.an element and an electron shell specifically.
Namely, the information of the intermediate level is obtained by using the specific absorption edge. We
.performed resonant magnetic scattering measurements of UNiGas using x-ray tuned near both absorption
edges (U My-edge and Ga K-edge). '

2. Experimental

The experiments were performed at BL22XU of SPring-8. The single crystal of UNiGas were grown by
Ga self-flux method”, and mounted on a closed-cycle refrigerator. We collected the intensities of magnetic
reflections of UNiGas at incident photon energies near U My-edge (3.728 keV) and Ga K-edge (10.367
keV). '

3. Results :

Figure 1(a) shows energy dependence near U M,-edge of the intensities at the peak of the (1/2 1/2 1/2)
reflections at 6 K. It is the first data of resonant peak obtained by using Ms-edge at BL22XU.,, The huge
enhancement was observed due to the spin polarized 5f state contributing to the excitation process of
M;-edge. The absorption correction is not enough because the absorption of low energy x-ray by the
sample is especially large at the energy of peak of the fluorescence yield spectrum, so the energy
dependence looks double peaks.

We also obtained the intensities of the (5/2 5/2 5/2)

reflections near Ga K-edge. Normally Ga is considered as a E 2000
nonmagnetic element, however the energy dependence shows a =
large enhancement at the absorption edge as shown in Fig. 1(b). %) 1000
We observed the reflections at nonresonant energy (10.32 keV), 2
the intensity was about 2 cps (at 100 mA synchrotron current), ;, 0
and then the enhancement at K-edge show about 300 in UNiGas. g 3.67 3.70 3.73 3.76
It wass)obser'ved the enhancement.at the energy of Ga K-edge in £ Energy, E / keV
UGaz™. This resonant process is explained through a band
theoretical approach that the origin of the magnetic resonant i
scattering intensity is the Ga-4p orbital polarization induced by 8 600
the 5f orbital polarization of the neighboring U atom®. We 400
consider that the same mechanism applied to UNiGas. g

There is no difference in the temperature dependence of the ; 200
intensity of the reflections between U My-edge and Ga K-edge. ] 04

From above results, it is concluded that we observed the £ 1035 1036 1037 1038
Ga-4p orbital polarization induced by the 5f orbital polarization - Energy, £/keV
in UNiGas.

A Fig. 1 Incident photon energy

References dependence of the intensity
1) S. Noguchi et al., J. Magn. & Magn. Mater. 104-107, 57, 1992 of magnetic reflection at 6
2) Y. Tokiwa et al., Soc. Jpn. 71, 725, 2002. K(a) (17212 12) at U
3) H. Yamagami, Acta Phys. Polonica B, 34, 1201 2003 Mg-edge, (b) (5/2 5/2 5/2) at
4) Y. Tokiwa et al., J. Phys. Soc. Jpn. 70, 1744, 2001 : Ga K-edge
5) D. Mannix et al., Phys. Rev. Lett., 86, 4128, 2001 The dashed lines show
6) M. Usuda et al., Phys. Rev. B, 69, 224402, 2004 the fluorescence yield

spectra.
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5.5.5 Synchrotron Radiation Massbauer Microspectroscopy of Corrosion Material

Takaya MITSUI and Makoto SETO ¥ ,
a) Research Reactor Institute, Kyoto University, Noda, Kumatori-cho, Sennan-gun, Osaka 590-0494, Japan

1. Introduction

Scanning type synchrotron radiation Mossbauer mlcroscope (SSRMM) has been developed -and
improved at the BL11XU (JAERI) of SPring-8 ". As the two main upgrades of x-ray optics, we installed a
Liquid-N,-cooled Si (111) double crystal pre-monochrometer and a compact cylindrical x-ray focusing
mirror 2, As the result, the performance of SSRMM is improved remarkably. As a typical application
experiment we performed the line scanning measurement of nuclear forward scattering from the rust layer
formed on the weathering steel.

2. Sample and Measurements

Weathering steel is a popular steel alloy Chemical Components
widely used for structural purpose. It contains Cr, (wi/%)
Cu, P, Ni etc slightly. When atmospherically -C | Si | Mn
exposed for several years, the steel corrodes at 0.11 ] 02 | 0.66
rates dependent on the environment. Than, the P S | Cu
weathering steel develops an adherent corrosion 0.014 ] 0.01 | 03
coating that protects the steel from further Cr | Ni [ Nb
corrosion. The latest report indicates that the 051 Jo13 | -
rust layer is composed of the ultra-fine particles
of Cr substituted goethite 49 Fig. 1 Photograph and chemical components of

In our experiments, the measured weathering our measured corroded weathering steel .

steel has been exposed in the atmosphere for 17 years under the girder of Yokkaichi-city-bridge in JAPAN.
The monitored environmental conditions were 0. 041mgNaCl/100cm2/day and 0.109mgSO5/100cm?/day.
Since the site is chlorine-rarefied area, protective corrosion coating layer formed on the steel surface firmly.
Figure 1 shows the outside view and the chemical components of our measured sample. To avoid the
extreme x-ray absorption, Mossbauer time spectra were measured at the edge part by a line scanning of the
sample (See Fig.1.).
3. Results

The line scan micro Mdssbauer time spectra
using focusing beam of ¢18pum were recorded from
the coating surface inward toward the steel. Here
the depth from the surface is expressed in the
parameter L. Figures 5(a), (b), (c) and (d) show ; AAMAAAARALAAAALAAMALARAMEARARLARASS
the time spectra at different four irradiation
positions of L=38um, 25pum; 18um and 8um
respectively. As the results, a gradual decrease of
the visibility of quantum beats pattern in the time
spectra was observed as the line scan proceeded
from the inner layer lying close the steel substrate to
the outer surface layer. These results indicate that
the outer layer was composed of mainly of a
nano-phase goethite enough to show the super
paramagnetic relaxation. In further research, if a
more detailed analysis is performed, we will be able
to decide the distribution of the particle size of
nano-phase goethite at local parts of the sample.

References
1) T.Mitsui et al., JJAP. 43, Nol, (2004)389.
2) H. Shiwaku et al., API. Conference proceedings,
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3) K. Tozawa et al., API. Conference proceedings, Fig. 2 Mossbauer time spectra measured at
705, (2004)671. the depth parameter L of (a)38um,
4) M.Yamashita et al., Corros. Sci. 45 (2003)381. (b) 25um, (c) 18um, and (d) 8um
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5.6 Electronic Material Science
Yasuji MURAMATSU

The electronic material science group has constructed a soft x-ray beam line (BL23SU), in collaboration
with the surface chemistry research group dating to 1997. We have developed a novel control system for
the double-array APPLE-2 undulator (ID23) and a high-resolution beamline system which is mainly
composed of a varied-line-spacing plane grating (VLSPG) monochromator. Two experimental stations for
high-resolution photoemission spectroscopy (PES) and soft x-ray magnetic circular dichroism (MCD)
spectroscopy have been installed in the radioisotope (RI) experimental hall, which is located downstream of
the BL23SU. These stations perform research on strongly correlated electron systems and various
- functional materials. ‘ .

In 2003, we have improved the optical performance of the beamline by cleaning the carbon-
contaminated mirrors and re-alignment of optical elements, which provides approximately ten-times higher
photon flux than in 2002 and the high energy resolution of 85 meV for PES measurements at the Au4f’
Fermi edge. Figure 1 demonstrates the improved photon flux. Experimental stations have also been further
improved. For the MCD station, incident photon helicity can be switched at every scanning photon energy
by the newly developed MCD control software, which enables the highly accurate MCD measurements.
The pulsed laser deposition (PLD) system was connected to the PES station, which enable the clean surface
PES measurements of various nano-structured thin films. By a transportable vacuum chamber of the PLD
system, clean surface MCD measurements can also be achieved in the MCD station. Figure 2 shows the
PES/MCD/PLD system in the RI experimental hall. Using this system, we have investigated electronic
structure of the spinel-type chalcogenide, Culr,S4, by high-resolution PES and diluted magnetic
semiconductor, GaMnAs, by MCD. Feasibility of angle-resolved photoemission spectroscopy (ARPES) in
the soft x-ray region of uranium compounds has also been successfully confirmed. In addition, electronic-
structure/chemical-state analysis of light element materials has been proceeded by using the Advanced
Light Source (ALS) at Lawrence Berkeley National Laboratory (LBNL). Soft x-ray emission spectra of
polycyclic aromatic hydrocarbons can provide the structural information of nano-graphite.
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5.6.1 Photoemission spectroscopy of spinel-type compound Culr,S,
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Atsushr FUJIMORI?, Hiroyuki SUZUKI™, Takehiko MATSUMOTO®, Takao FURUBAYASHI,
Masaaki ISOBE” and Shoichi NAGATA®)

a) Department of Complexity Science and Engineering, University of Tokyo
b) National Institute for Materials Science
c) Department of Materials Science and Engineering, Muroran Institute of Technology

1. Introduction
Spinel-type chalcogenide Culr,S; exhibits a metal-insulator transition (MIT) at the temperature Tvi ~

230 K from the high-temperature metallic phase to the low-temperature msulatmg phase”. The transition
is accompamed by a change of the crystal structure: the cubic spmel structure in the metalhc phase turns to
triclinic in the insulating phase 2. The Cu ion was found to be in the monovalent state ¥, and thus the
probable ionic configuration is Cu”lr Irt (S2 )s. One possible explanation for the nature of the insulating
phase is the charge ordering of Ir** and Ir** ions, accompanied by the dimerization of Ir*" jons to cancel the
spin moment®. However, the charge differentiation of Ir has not been experimentally confirmed yet. To
clarify the electronic structure variation at MIT of Culr,S,;, we have performed temperature-dependent
photoemission spectroscopy (PES) measurements using bulk-sensitive soft x-ray synchrotron radiation.

2. Experimental

Polycrystalline samples of Culr,S; were prepared by the solid-state reaction method. PES
measurements were carried out using synchrotron radiation at beamline BL23SU of SPring-8. The
excitation energy was 700 eV. The overall energy resolution was ~ 150 meV.

3. Results

Figure 1 shows Ir 4f core-level spectra
of Culr,S4 measured at the sample ML |
temperature of 250, 200 and 15 K. Ir 4f XPS

Across the transition temperature Tyq ~
230 K, the line shape varied dramatically.

hv=700 eV

First, the energy position of the 4f;, peak e 250K
was shifted from 60.7 eV to 61.1 eV in o 200K

going from 250 K to 200 K. Second, — 15K

while the overall line-shape is highly
asymmetric in the metallic phase, it
- becomes almost symmetric in the
insulating phase. The spectrum remained
almost identical between 200 and 15 K.
The behavior should be associated with
the variation of Ir 5d electron states across
the metal-insulator transition. The 65 60
broadness of the spectrum in the ‘Binding Energy (eV)
insulating phase may be a sign of two

spin-orbit components due to charge

separation, peaking at the different energy : Fig. 1 Ir 4f core-level PES spectra

positions. To clarify what the measured at 250, 200 and 15 K
temperature-dependent variation indicates,

theoretical analysis should be necessary
and is in progress.

Intensity (arb. units)
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5.6.2 Soft X-ray angle-resolved photoemission study of UFeGas
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1. Introduction

Uranium compounds exhibit a rich variety of electrical and magnetic properties due to their peculiar
behaviors of the U 5f states. Numbers of photoemission studies have been made on these compounds.
However, it is still unclear which of two approaches, of the localized U 5f electrons or of the itinerant U 5/
electrons, supplies a better basis for the description of these compounds. An essential question is whether
the band structure calculation can be a good starting point for a description of their U 5/ states. To
understand this point, the photoemission experiments have been performed for many uranium compounds,
and the obtained spectra have been compared with the results of the band structure calculations. Especially,
angle-resolved photoelectron spectroscopy (ARPES) experiments are powerful tool to reveal the band
structure of materials. The ARPES experiments for uranium compounds are generally done with the
experimental He discharge lamp (v = 21.2 eV). One of the problems in these experiments is that the lower
photoemission cross-section for U 5f states compared with ligand s, p, and d states. Therefore, the obtained
band dispersions do not represent 5f states. In the present study, we have performed ARPES experiments
for paramagnetic uranium compound UFeGas with the soft X-ray synchrotron radiation (Av=500 eV) from
BL23SU of SPring-8. In this photon energy, the relative cross section to U 5f states is large enough to
distinguish from other states. Moreover, the spectra are relatively bulk-sensitive compared with the

experiments with He discharge lamp.
I'(Z) - X(R)

2. Results

Figure 1 shows the Soft X-ray ARPES
(SX-ARPES) spectra of UFeGas measured . M X(R)
along I-X direction. The photon energy used M
was hv=500eV. The energy resolution was
about 100 meV. In the spectra, some dispersive
features were clearly observed. Especially, there
is a dispersive band around I' point in the
energy region of 0.4 eV to Er. From the photon
energy dependence of the valence band spectra,
it is found that the contribution from U 5/ states
is distributed at around 0.3 eV to Fermi level.
Therefore, the energy dispersions in this region
can be attributed to the itinerant U 5f states in
this compound. Some bands cross the Fermi
level, suggesting that U 5f states are forming the
Fermi surface of this compound. The
quasi-two-dimensional Fermi surface, which
was observed in the dHVA experiments were
observed by this photoemission experiment also.

We believe that this is the first direct M
observation of the U 5f dispersions by the M

o= I'(X)

X(R)

Photoemission Intensity (arb. units)

photoemission experiment. We have compared
these results with the result of the band structure I 1 I 1 )
calculation. Some experimental bands are 08 06 04 02 EF

reproduced by the calculation, supporting that Binding Ener eV
the itinerant description can describe some © gy (eV)
aspects of U 5felectrons in this compound. Fig. 1 SX-ARPES spectra of UFeGas
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5.6.3 Magnetic field dependence of XMCD of GaMnAs

Yukiharu TAKEDA, Jun OKAMOTO ?, Tetsuo OKANE, Shin-ichi FUJIMORI, Yuji SAITOH,
Yasuji MURAMATSU Atushi FUJIMORI®,
Jun OKABAYASHI®), Masaharu OSHIMA ®, Shinobu OHYA © and Masaaki TANAKA ©
a) NSRRC
b) Faculty of Frontier Sciences, Univ. of Tokyo,
c) Faculty of Engineering, Univ. of Tokyo

* Mn — doped GaAs has received the most attention due to the possibility of new functionality for future
electronic devices ". Because the MBE synthesis is made under thermal non-equilibrium condition, it is
difficult to avoid the formation of various kinds of defects. Part of the doped ~ Mn atoms become
paramagnetic rather than ferromagnetic 2, meaning that those Mn atoms are in a different chemical
environment than the substitutional Ga site. In order to obtain information about the different Mn atoms,
we have applied the core-level magnetic circular dichroism (MCD) technique to Ga0.922Mn0.078As,
which has the Curie temperature (TC) ~ 40 K. In order to separate signals from Mn atoms in different
magnetic states, we utilized the fact that the paramagnetic and ferromagnetic moments respond differently
to the magnetic field. That is, ferromagnetic moments saturate already at a low magnetic field whereas
paramagnetic moments linearly increases up to high magnetic fields. The experiment was done at beamline
BL23SU of SPring-8, where MCD measuring system with a superconducting magnet (up to 10 T) is
established.

Figure 1 shows the Mn 2p core-level MCD spectra of a ferromagnetic Ga0.922Mn0.078As sample.
Above TC (top panel), the entire MCD signal increases almost linearly, with increasing magnetic field.
Below TC (bottom panel), part of the MCD signal (the peak at hn ~ 638.5 eV) rapidly increases and then
saturates already at 1 — 2 T whereas the remaining part (the peak at hn ~ 640 eV) slowly increases as the
field increases up to 6 T. We therefore attribute the peaks at ~683.5 eV and ~640 eV to ferromagnetic and
paramagnetic Mn atoms, respectively. The decomposed MCD spectra (not shown) indicate subtle
differences in their multiplet structures, which probably originate from different As coordinations for the
different Mn atoms.

0
3 8 -10f 1 1
o S ]
aq:’ 30 . aq:’ 201 636 638 640 642 644 646 1
a T — 3%}; GaMnAs 7.8% i o -30+ e 4T:1T GaMnAs 7.8% n
40k et 100 K . 5| — 61T 20K
3 -40x10™ T
-50x10° 1 1 { 1 1
630 635 640 645 650 655 660 630 635 640 645 650 655 660
Photon Energy (eV) Photon Energy (eV)
Fig. 1 Mn 2p core-level MCD of Ga0.922Mn0.078As with TC = 40 K
Plotted are the difference spectra from those taken at H = 1 T. Right: Paramagnetlc
phase above TC; Left: Ferromagnetic phase below TC.
References
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5.6.4 Pulsed laser deposition (PLD) system .
Kota TERAI, Tetsuo OKANE, Yukiharu TAKEDA, Shinichi FUIIMORI, Yuji SAITOH,
Yasuji MURAMATSU, Jun OKAMOTO ® and Atsushi FUIIMORI®
a) National Synchrotron Radiation Research Center Taiwan
b) Department of Complexity Science and Engineering, University of Tokyo

Perovskite transition-metal oxide materials have interesting properties such as superconductive and
colossal magnetic resistance. Understanding of these properties is a challenging thesis for the exploitation
of physics and applications. To investigate the electronic structure of these strongly correlated electron
systems, experimental stations for high-resolution photoelectron spectroscopy (PES) and x-ray magnetic
circular dichroism" (XMCD) have been developed in soft x-ray beamline, BL23SU. These soft x-ray
spectroscopic measurements often have
some limitations on samples; Atomically
smooth and clean surface should be
required for the measurement samples.

Pulsed laser deposition (PLD) is a
powerful technique to fabricate thin films
which have smooth and clean surface. In
addition, the PLD method is attracting a
lot of interest to find new functional
materials. We have therefore developed
the PLS system which is combined with
the PES and MCD experimental stations
in BL23SU.

Figure 1 shows the PES/MCD/PLD
system in BL23SU. This system achieves
in-vacuum sample transfer between the
PLD and PES/MCD experimental stations.
to avoid surface contamination. Figure 2
shows a schematic image of the sample Fig. 1 Overview of the PES/MCD/PLD system in
transferring. The samples prepared in the BL23SU
PLD system can be directly transferred to
the PES chamber. The samples can also be
transferred to the XMCD chamber using a
transportable tiny vacuum chamber. This
- transportable chamber is equipped with an
ion pump driven by a portable battery.
This PLD system equips two lasers. One
is a semiconductor laser for heating
sample substrates. This laser can control
temperature up to the 1000 °C in high
oxygen atmosphere. Another is a Nd:YAG
laser (355nm) for ablation. Morphology of
the sample surface can be in-situ
monitored by a refraction high energy
electron diffraction (RHEED) method
during the sample deposition.

We are now preparing some ' \ Dt & J/
transition metal oxide thin films to
demonstrate the capability of this Fig. 2 Schematic view of the sample transferring
PES/MCD/PLD system. system between the PLD system and the

PES/MCD experimental stations

Shematic image of sample transferring system

MCDsystem ‘\

Reference
1) J. Okamoto et al., The Eighth International Conference on Synchrotron Radiation Instrumentation 705,
1110, 2004
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5.6.5 Measurement of orbit fluctuation depending on the phase position of APPLE-2
undulator and the direction of its phase motion

Takeshi NAKATANI, Akane AGUI, Akitaka YOSHIGOE, Tomohiro MATSUSHITA*”
Masaru TAKAO?, Masao TAKEUCH[“’ Hideki AOYAGI® and Hitoshi TANAKA?

a) Japan Synchrotron Radiation Research Institute (JASRI)

1. Introduction

In the third generation facility, such as SPring-8, many msemon devices (IDs) are installed to generate
brilliant synchrotron radiation light of which energy range is from ultra-violet to X-ray region. Since the
electron beam is spatially sharp in this kind of light source, the fluctuation of electron beam orbits should
be kept smaller than the submicron level to make the most of its high brilliance. There are many kinds of
perturbation sources of closed orbit distortion (COD) and especially an error field of ID is one of the most
serious sources. In general, this error field is usually corrected with a feed-forward correction algorithm,
because the error field changes as the ID parameters (such as the gap distance, the phase shift, etc.) are
changed. The strengths of steering magnets (STMs) are thus determined as a function of the ID gap
distance and phase shift to cancel out the induced COD assuming (1) small background noise and (2) small
eddy current effects without rapid field change.

On the other hand, a beam position monitor (BPM) in the SPring-8 storage ring takes about 30 seconds
to measure the beam position distribution along the ring. Owing to this long period, the measured beam
positions contain not only the contribution from the target perturbation but also that from the other sources,
e.g., the chamber vibration, current ripple of magnet power-supply, etc. This means that by the usual BPM
system, we can not measure the COD caused by the variation of the ID gap and phase precisely.
Furthermore, some IDs in SPring-8 are used to quickly switch the polarization of emitted light. The fast
polarization switching is performed by the fast field change of an ID which induces unexpected eddy
current. Therefore, it is inadequate to apply the conventional method to the correction of error field of all
kinds of ID.

In order to overcome this problem, it is necessary to develop the new method based on synchronized
real-time measurement to extract only the orbit fluctuation caused by the error field of the ID. We report the
detailed method and an application to obtain the effects of ID23 error field.

2. Concept '

We developed the method with the real-time measurement system " to investigate the influence of the
perturbation source. When the perturbation source is changed periodically by changing the ID parameters,
this operation modulates the orbit fluctuation with same periodicity. To rigorously relate between the
perturbation source condition represented by the ID parameters and the orbit fluctuation, the real-time
measurement requires synchronizing with the change of perturbation source. The periodical fluctuation can
be extracted by removing no periodical components caused by ordinary perturbation sources.

The orbit fluctuation caused by the variation of the ID parameters is composed of two components. One
is caused by the static error field of ID (static term) and the other is by eddy current effects due to a rapid
field change (dynamic term). When the boundary condition of an eddy current is symmetric to a center of
ID, the eddy current effect in one direction is completely cancelled out by addition to the effect in another
direction. This means that the dynamic term is cancelled out by summing up a couple of dynamical changes
of ID parameters with moving opposite directions, for example, open / close in the gap motion and coming
/ going in the phase motion, etc. The static-and dynamic terms are distinguished by two steps. By this
cancellation, only the static term can be extracted firstly and precisely and consequently corrected. Then,
after removing the static term, the dynamic term is main component and can be investigated. We can obtam
the static and dynamic terms of the orbit fluctuation separately.

3. Result

We apply the method to the extraction of the orbit fluctuation caused by the error field related to the
phase motion of APPLE-2 type undulator installed in BL23SU (ID23) 2. We measure the orbit fluctuation
in synchronization with D23 phase motion of which speed is 30mm/sec. The periodical pattern’ of the
phase motion is modified triangular, in which the phase position is halted for 1 second when the driving
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direction is turned (0mm—+60mm— -60mm—+60mm—0mm) (see Fig. 1 (a) upper line). The periodical-
pattern was optimized for the Wavelet Transform so that the reference of the orbit fluctuation is zero.

The middle line in Fig. 1 (a) shows the horizontal fluctuations observed at BPM15 and the bottom line
shows the extracted fluctuation with the Wavelet Transform filter. Figure 1 (b) shows each data (Fig. 1 (a)
bottom line) in the range of -60mm—60mm at the phase. In the figure, we set the origin of the time axis to
the time when the phase position is at -60mm. The accuracy of this method is evaluated to be 3 - 4 microns
~ from the variation of each line. ‘

Here, we extract the static term and the dynamic term caused by ID23 phase motion. The crosses in Fig.
2 (a) indicate the average of the orbit fluctuations during coming and going in the phase motion without the
feed-forward correction. The electron orbit fluctuation of about 150 1 m is observed in the region of the
phase motion (from -60mm to 60mm). We correct the averaged fluctuation as shown the open circles in Fig.
2 (a) and compare the fluctuation during the phase motion from -60mm to 60mm (crosses) with that from
60mm to -60mm (open circles) as shown in Fig. 2 (b). Even after the correction of the averaged fluctuation,
the electron orbit fluctuation of about 20 u m remains, which is caused by the eddy current effect on the
ID23 chamber. And also, the fluctuation in each driving direction (-60mm—60mm and 60mm—-60mm)
shows the symmetric. pattern as expected. Figure 2 (b) actually shows that the static and dynamlc terms are
obtained by our method separately.
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Fig. 1 The horizontal fluctuations caused by ID23 phase motion measured at BPM1S5. (a): The
upper line shows the ID23 phase position, the middle is the observed orbit fluctuation and
the bottom is the orbit fluctuation filtered by the Wavelet Transform. (b): The orbit
fluctuation (Fig. 1 (a) bottom line) in the range of -60mm—60mm at the phase.
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Fig. 2 The horizontal fluctuations caused by ID23 phase motion measured at BPM15. (a): The
crosses and circles show the static term of the orbit fluctuation before and after the
correction, respectively. (b): The crosses (circles) mean the data measured during changing
ID23 phase from -60mm to 60mm (60mm to -60mm).
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5.6.6 Soft x-ray emission spectroscopy of polycyclic aromatic hydrocarbons

Yasuji MURAMATSU, Kana TOMIZA WA, Jonathan D. DENLINGER® and Rupert C. C. PERERA"
a) Himeji Institute of Technology
b) Lawrence Berkeley National Laboratory
1. Introduction
Soft x-ray emission spectroscopy with highly brilliant synchrotron radiation recently has been utilized to
characterize various carbon materials. However, many organic carbon materials usually exhibit broad
structures in x-ray emission spectra. To extract useful information on the chemical-bonding-states of
carbon materials from the soft x-ray emission spectra, we have measured CK x-ray emission spectra of
various polycyclic aromatic hydrocarbon (PAH) compounds, which can be regarded as components of
important industrial carbon materials, such as carbon black and carbon nanotubes, and compared their
spectral features.

2. Experiments :

Commercially available PAH compounds (p-terphenyl, anthracene, naphthacene, pentacene,
triphenylene, pyrene, perylene, coronene), and highly oriented pyrolytic graphite (HOPG) were used for the
spectroscopic measurements. The molecular structure of the PAH compounds will be described later in
Figure 1. Soft x-ray emission spectra in the CK region were measured using a grating x-ray spectrometer
installed in the undulator beamline, BL-8.0.1 at the Advanced Light Source (ALS).

3. Results and Discussion
Figure 1 shows the CK x- a2 ey = slope/eV!
ray emission spectra of the 27769e¥ g | anthracene 46
PAH compounds and HOPG. In pterpheny] g naphthacene 4
the broad main peak features of =
= pentacene 59
the PAH compounds, however, g
the peak energy shift depends £ | tmehenyiene / 63
on the molecular structure. To £ | pyrene 035
obtain quantitative information naphthacene B | perytenc 21
on PAH compounds from the o0 El
. E | coronene .18
spectra, the main peak features pentacene 2
in the region between the 276.9 0000 HOPG &3 198
eV and 278.2 eV ’were WU FUEWE NN PN SNUTS S
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approximated  with  linear
functions. The slopes of the
linear functions on the PAH
compounds are described in the
upper panel of Figure 2. The
slopes are plotted in the lower
panel as a function of the
percentage of hydrogenated
outer carbons. The data of PAH
compounds, except for HOPG,

can be approximated by linear HOPG (45°)

functions, represented in the A
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percentage of hydrogenated Fig. 1 CK x-ray emission Fig. 2 Approximated slopes near
outer carbon atoms can be spectra of PAH the main peaks (upper) and
expanded to HOPG. This compounds the relation between the
finding means that we may slopes and the percentage
easily extract the degree of of hydrogenated outer
hydrogenation in PAH-based carbon atoms (lower)

carbon materials.
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5.6.7 Soft X-ray MCD Measurement of [Co/Pd]n Perpendicular Magnetic Films

Akane AGUI, Masaichiro MIZUMAKI®, Tomohiro MATSUSHITA®, Toru ASAHI®, Jun KAWAIJI?,
Junichi SAYAMA® and Tetsuya OSAKA®
a) Japan Synchrotron Radiation Research Institute
b) Waseda University

f

1. Introduction

Perpendicular magnetic recording has been recognized as a technology indispensable for magnetic
recording of an area density over 100 Gbits/inch® V. In recent years, a sputter-deposited multilayered film .
[Co/Pd], (n is the lamination number of the Co and Pd layers) has attracted much attention as a
perpendicular magnetic recording medium for high-density magnetic recording. To improve the
performance of the [Co/Pd], film as medium, a number of investigations for developing a suitable
seedlayer have been carried out™, and the most effective seedlayer is still requested

The selectivity of soft X-ray absorption and magnetic circular dichroism spectroscopy (XAS and
MCD) allows us to investigate the magnetic and electronic states of a selected orbital of a target element.
We report that the electronic and spin states of [Co/Pd] multilayered perpendicular magnetic films with
various seedlayers by means of XAS and MCD at the Co L; 5-edges.

= I I I L=
‘[Co/Pd]x/underiayer

2. Experimental
Co L, -edges XAS |

The [Co/Pd], perpendicular magnetization film consisting of
n=20 or 10 bi-layers of Co (0.2 nm) and Pd (0.8 nm) was deposited. Ly e
on a C, Si, or Pd/Si seedlayer with dc magnetron sputtering. The : ‘
values of macroscopic magnetic properties, such as the saturation
magnetization (M), perpendicular coercivity (H;) and anisotropy
constant (K,), change 50-60% by seedlayers™®. A 5 nm-thick C
overcoat layer was deposited on the Co top layer of the [Co/Pd],
film to avoid oxidation of the sample. '

The XAS and MCD spectra at the Co Lj3-edges of the
[Co/Pd), perpendicular magnetization films were measured using
synchsr)otron radiation at soft X-ray beamline BL23SU at SPring-8,
Japan™.

x=10 Pd{(3nm)/Si(100nm)

x=10 /Si{100nm)

x=20 Pd(3nm)/Si(1pOnm

x=20 /Si(100nm;

Intensity (arb. units)

x=20 /Si(30nnT)]

x=20 /Si(5nm)

3. Results
Figure 1 shows XAS spectra of the Co L,3-edges of the N
[Co/Pd], films with various seedlayers, where the seedlayer is A

described under each spectrum. The XAS of the Co L,3-edges w
xl=ZOIC(5[1m)

x=20 /C(60nm)

mainly shows the Co 3d unoccupied electronic state in the upper
part of the [Co/Pd], film. The spectral shape is similar to each other. 1 1

The expected value of the microscopic total magnetic moment 0 o M0 20 030
(KL>+2<S>) of Co 3d was estimated by applying so-called “sum

Relative Photon Energy (eV)
Fig. 1 Absorption spectra of

rule” ® to liso and IMCD (<L>: the orbital magnetic moment,
<S7>: the spin magnetic moment). The expected values were found
to be about 1 mB, in spite of the fact the macroscopic property (e.g.
M;) changed with seedlayer condition. We concluded that the
seedlayer changes macroscopic magnetic properties of the [Co/Pd]
multilayered films without affecting the electronic and spin states of
the upper layers of Co”.
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5.7 Synchrotron Radiation Simulation Research
5.7.1 Magnetic resonant x-ray scattering at the Ga K edge in UGa;

Manabu USUDA, Jun-ichi IGARASHI, Akio KODAMA®
a) Fuji Research Institute Corporation
1. Introduction :

In transition metals, the 4p states compose a part of unoccupied states. The 4p states usually attract only
minor interest because they do not contribute to magnetic or orbital orders. However, understanding 4p
states has become important with the development of x-ray spectroscopy using K edges of transition metals,
in which the 1s core electrons are excited to the 4p states through the dipolar transition. Recently a
magnetic resonant x-ray scattering (MRXS) experiment was carried out on the X edge of Ga in UGa;. Din
the experiment a relatively large resonant intensity was observed, though the Ga atom is usually considered
as a nonmagnetic ion. The purpose of this study is to clarify the origin of the MRXS intensity in UGas, on
the basis of a band-structure calculation.

2. Results

The calculation is based on the density-functional theory
within the local-density approximation (LDA). Relativistic
effects except for the spin-orbit interaction (SOI) are
included within the scalar-relativistic approximation, while
for the valence states we include the SOI approximated as
o< (1/r)(dVIdr)L.S; at each variational step. We found that
the exchange splitting in the Ga 4p states is quite small
compared with that in the U 5f'states, while there is a small
difference between the Ga 4p DOS for m =+1 and m = -1
orbitals. The difference (the orbital polarization of the Ga
4p states) appears from approximately -0.2 eV to 2 eV and
becomes the largest at 1 eV. This difference is essential to

Intensity (arb. units)

_
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10350 10370
Energy (eV)

10380

10390

Fig. 1 MRXS spectra in theo — 7'

give rise to the MRXS intensity, as shown below.

Figure 1 shows the calculated MRXS spectrum on the
o —nt' channel for G=(7/2, 7/2, 7/2), as a function of
photon energy. The experimental data are taken from Ref.
1. A resonant peak is found at 10.365 keV. The peak
position is in agreement with that of the experiment, while
the peak width is much underestimated in the calculation.

channel for G=(7/2,7/2, 7/2). as a
function of photon energy in
comparison with the
experimental spectra

The vertical line indicates the
Fermi level.

It may be important to consider the effect of the multiplet o o | A
interaction of the U 5f states as well as of band + |y LDAW. fu sOI
hybridization. ' g o5 i LDA, full SOI
In order to clarify how the Ga 4p orbital polarizationis 5 Ll LDA, no SOI Ga 4p
induced, we calculate the spectra by turning the SOI off g ool A
separately on the Ga 4p states and the U 5f states, £ ' \
respectively. The results are summarized in Fig. 2. It is & : ' - LDA.noSOIU 8
. found that the MRXS intensity largely diminished when =005} ‘
the SOI on the U 5f states is turned off (the dotted line in A X\
Fig. 2), while slightly reduced when the SOI on the Ga 0.00 =Sl P ine sy -
4p orbital is turned off (the long dashed line in Fig. 2). 10360 10365 En;?37° 10375 10380
gy (eV)

This indicates that the Ga 4p orbital polarization originates
mainly from the large 5/ orbital polarizations at
neighboring U atoms through the Ga 4p and U 5f
hybridization.
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Fig. 2 MRXS spectra in the LDA with

turning the SOI off separately on
the Ga 4p states and U Sf states,
respectively

The MRXS spectra in the LDA
and LDA+U (U= 2 eV) with full
SOI are also shown.
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5.7.2 Theoretical analysis of Cu-K edge resonant X-ray scattering in insulating cuprates
Takuji NOMURA and Jun-ichi IGARASHI

1. Introduction :

Resonant inelastic x-ray scattering (RIXS) in the hard x-ray regime is recently becoming a promising
and powerful tool to clarify the momentum-resolved charge excitation properties of solids in the relatively
high-energy range, owing to highly brilliant synchrotron radiation. Actually they have succeeded in
obtaining momentum-resolved charge excitation spectra in some materials. Among them, the RIXS
utilizing the Cu-K edge in Cu oxides attracts much attention. Cu-K edge RIXS experiments were
performed for La,CuO, D and quasi-one-dimensional (Q1D) copper oxides, SrCuO, 23and Sr,Cu0; D In
La,CuQy characteristic two-peak structure was observed around 2 and 4 eV energy loss. It is interesting
that the 2 eV peak shows a relatively large dispersion (~1 eV) along the symmetry line q=(0,0)-(7¢,0) in
the Brillouin zone, and is drastically suppressed around q=(7C,7), where q is the in-plane transferred
momentum of the photon. In the Q1D cuprates, characteristic two-peak structure was observed around 2
and 6 eV energy loss. The 2 eV peak shows a relatively large dispersion. The 2 eV peak around q=0 shifts
by about 1.1 eV at q=7. In the present study, we have analyzed the RIXS in these cuprates
microscopically. The theoretical results reproduce the characteristic spectral properties in the recent
experiments semi-quantitatively™.

2. Theory .

In the Cu-K edge RIXS process, the Culs core electron (a) B} o
is excited to the empty Cud4p band by the resonant O cu T
absorption of the incident photon. The created core hole C@ . %0)

scatters the Cu3d electrons through the inter-orbital
Coulomb interaction. The emitted photon loses the equal
amount of energy to that required to the excitation of the
Cu3d electrons. .

In the calculation of the RIXS spectra, the
antiferromagnetic ground state of the cuprates is described
within the Hartree-Fock theory, and the strong many-body
correlation effects: in the excitation processes are taken into
consideration within the random phase a{)proximation,
using the Keldysh diagrammatic technique”. Concerning
the Culs-3d inter-orbital Coulomb interaction, we have
applied the: Born approximation simply. The electronic
structure of the Cu-O system is described by
dp-Hamiltonian, where the parameters are determined from
LDA calculations.

N

(®)

B 9=
A |

L

3. Results » A
The obtained RIXS spectra for the Q1D cuprates are |
shown as a function of the photon energy loss in Fig. 1. The
two main spectral weights around 2 and 6eV are reproduced.
The low energy peak A exhibits a relatively large shift (1
eV) along the Cu-O chain, while the high energy peak B
does not show, in agreement with experimental results. We A
. . 0 2 4 6 3 10 12

have found that the strong many-body correlation effect is Energy loss (V)
essential for this large dispersive behavior.

RIXS Intensity (arb. units)

Fig. 1 The calculated RIXS spectra

References for the three cases of
1) Y.J. Kim, et al., Phys. Rev. Lett. 89, 177003, 2002. transferred momenta, q=0,
2) M.Z. Hasan, et al., Phys. Rev. Lett. 88, 177403, 2002. TR, T

3) Y.J. Kim et al., Phys. Rev. Lett. 92, 137402, 2004.
4) T. Nomura and J. Igarashi, J. Phys. Soc. Jpn. 73, 1677, 2004.
5) T. Nomura and J. Igarashi, cond-mat/0312624.
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6. List of publications

6.1 List of publications on Advanced Photon Research Center

High Peak Power Laser Development (Laser System Development Group)

1. Journals -

1)
2)

3)

4)

5)

6)
7)

8)

9)

10)

11)

12)

25] green beam generation using large aperture CsLiB4O,, frequency doubler
Kiriyama Hiromitsu, Inoue Norihiro*, Yamakawa Koichi
The Review of Laser Engineering 31, 4, 282-285 (2003/04)

High power pulsed green lasers
Kiriyama Hiromitsu
Recent Research Developments in Optics, Vol.3, 155-171 (2003/12)

Optimized energetic particle emissions from Xe clusters in intense laser fields
Fukuda Yuji*, Yamakawa Koichi, Akahane Yutaka, Aoyama Makoto*, Inoue Norihiro*, Ueda
Hideki*, Kishimoto Yasuaki
Physical Review A 67, 6,061201_1-061201_4 (2003/06) _ :

360-W average power operation with a single-stage diode-pumped Nd:YAG amplifier at a 1-kHz

repetition rate
Kiriyama Hiromitsu, Yamakawa Koichi, Nagai Toru*, Kageyama Nobuto*, Miyajima Hirofumi*,
Kan Hirofumi*, Yoshida Hidetsugu*, Nakatsuka Masahiro*

Optics Letters 28, 18, 1671-1673 (2003/09)

0.85-PW, 33-fs Ti:sapphire laser
Aoyama Makoto*, Yamakawa Koichi, Akahane Yutaka, Ma J.*, Inoue Norihiro*, Ueda Hideki*,
Kiriyama Hiromitsu
Optics Letters 28, 17, 1594-1596 (2003/09)

30-mJ, diode-pumped, chirped-pulse Yb:YLF regenerative amplifier
Kawanaka Junji, Yamakawa Koichi, Nishioka Hajime*, Ueda Kenichi*

Optics Letters 28, 21, 2121-2123 (2003/11) :

Two-color chirped-pulse amplification in an ultrabroadband Ti:sapphire ring regenerative amplifier
Yamakawa Koichi, Barty C. P. J.*

Optics Letters 28, 23, 2402-2404 (2003/12)

Iomzatlon of many-electron atoms by ultrafast laser pulses with peak intensities greater than 10"

W/em?

Yamakawa Koichi, Akahane Yutaka, Fukuda Yuji*, Aoyama Makoto, Inoue Norihiro*, Ueda
Hideki*
Physical Review A 68, 6, 065403 _ 1 -065403_4 (2003/12)
All solid-state ultrashort-pulse laser by using ytterbiumu-doped materials (in Japanese)
Nishioka Hajime*, Kawanaka Junji
Optical Alliance 14, 11, 21-25 (2003/11)

Laser pulse compression and amplification by stimulated backword Raman scattering of Ba(NO;),}

and CaCO; crystals (in Japanese)

Deki Kyoichi*, Matsuoka Fumiaki*, Tei Kazuyoku*, Arisawa Takashi
The Review of Laser Engineering 31, 12, 854-859 (2003/12)

X-ray study of microdroplet plasma formation under the action of superintense laser radiation
Fukuda Yuji*, Yamakawa Koichi, Akahane Yutaka, Aoyama Makoto, Inoue Norihiro*, Ueda
Hideki*, Abdallah Jr. J.*, Csanak G.*, Faenov A. Y.*, Magunov A. L*, Pikuz T. A *, Skobelev L
Y .*, Boldarev A. S.* Gasilov V. A, * .
JETP Letters 78, 3, 115-118 (2003/08)

Time-dependent Boltzmann kinetic model of X rays produced by ultrashort-pulse laser irradiation

of argon clusters.

Abdallah Jr. J.*, Csanak G.*, Fukuda Yuji*, Akahane Yutaka, Aoyama Makoto, Inoue Norihiro*,
Ueda Hideki*, Yamakawa Koichi, Faenov A. Y.*, Magunov A. L.*, Pikuz T. A.*, Skobelev L
Y.*

Physical Review A 68, 6,063201_1-063201_8 (2003/12)
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13)  Table-top lasers create ultrahigh peak powers (in Japanese)
Yamakawa Koichi
OYO BUTURI 73, 2, 186-193 (2004/02)
14)  Many-electron dynamics of a Xe atom in strong and super-strong laser fields
Yamakawa Koichi, Akahane Yutaka, Fukuda Yuji, Aoyama Makoto, Inoue Nor1h1ro Ueda
Hideki, Utsumi Takayuki
Physical Review Letters, 92, 12, 123001 1-123001_4 (2004/03)

2. Proceedings

3] X-ray radiation of clusters 1rrad1ated by ultrafast, high-intensity laser pulses
Fukuda Yuji*, Akahane Yutaka, Aoyama Makoto, Inoue Norihiro*, Ueda Hideki*, Klshxmoto
Yasuaki, Yamakawa Koichi, Faenov A. Y.*, Magunov A. L*, Pikuz T. A%, Skobelev L Y*-
Abdallah Jr. J.*, Csanak G.*, Boldarev A. S. . , Gasilov V. A *
Laser—Generated & Other Lab X- Ray & EUV Sources (Proceedmgs of SPIE “Volume 5196)
234-243 (2004)

2) Development of high power pulsed green lasers (m Japanese)
Kiriyama Hiromitsu, Yamakawa Koichi
Reports on the 313th Topical Meeting of the Laser Soc1ety of Japan, Advanced Solid State Lasers

and Their applications No. RTM-03-18 ~26 1-6(2003/09)

3. JAERI-Reports
-1 Development of a high-energy, ultrabroadband Ti: sapphire ring regenerative amphﬁer

Yamakawa Koichi
- JAERI-Research 2003-017 (2003/09) :
2) ~ lonization dynamics of a xenon atom in super-strong laser fields
' Yamakawa Koichi, Akahane Yutaka, Fukuda Yuji*, Aoyama Makoto, Inoue Norihiro*, Ueda
Hideki*, Utsumi Takayuki*
JAERI-Research 2003-030 (2003/12)

4. Patents
(1) Patents pending
1) Laser amplifier
Kawanaka Junji
Japan patent application number 2004-011482
" 2) Method for amplifying a solid-state laser light
Kirtyama Hiromitsu, Yamakawa Koichi
Japan patent application number 2004-060438
3) ‘Amplifier for solid-state laser light
Kiriyama Hiromitsu, Yamakawa Koichi
Japan patent application number 2004-078355

2) Patent ’

1) Method for laser-dlode (LD) pumping of a solid-state laser light
Kiriyama Hiromitsu, Maruyama Y oichiro, Arisawa Takashi
Japan patent number 3514981

X-ray Laser Development (X-ray Laser Research Group)

1. Journals
1) Measurememnt of the gain medium of plasma X- -ray laser w1th spatial resolution
Tanaka Momoko, Kawachi Tetsuya
Journal of Plasma and Fusion Research 79, 4, 386-390 (2003/04)
2) X-ray laser beam with diffraction-limited divergence generated with two gain media
Tariaka Momoko, Nishikino Masaharu*, Kawachi Tetsuya, Hasegawa Noboru, Kado Masataka,
Kishimoto Maki, Nagashima Keisuke, Kato Yoshiaki
Optics Letters 28; 18, 1680-1682 (2003/09)
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3) Development of a pumping laser system for X-ray laser research
Kawachi Tetsuya, Kado Masataka, Tanaka Momoko, Hasegawa Noboru, Nagashima Keisuke,
Sukegawa Kouta*, Lu P.*, Takahashi Kenjiro*, Namba Shinichi*, Koike Masato, Nagashima
Akira, Kato Yoshiaki :
Applied Optics 42, 12, 2198-2205 (2003/04)
4) Demonstration of a soft-X-ray laser at 13.9 nm with full spatial coherence
Nishikino Masaharu*, Tanaka Momoko, Nagashima Keisuke, Kishimoto Maki, Kado Masataka,
Kawachi Tetsuya, Sukegawa Kouta*, Ochi Yoshihiro, Hasegawa Noboru, Kato Yoshiaki
Physical Review A 68, 6,061802_1-061802_4 (2003/12)
5) Study of the anisotropy of electron energy distribution of optical-field 1omzed oxygen plasma by
_using polarization spectroscopy
Kim J.*, Kim D. E.*, Kawachi Tetsuya, Hasegawa Noboru Sukegawa-Kouta*, Iwarae Atsushi*,
Fu_|1moto Takashi*
. Joumnal of the Optlcal Society of Korea 7, 3, 145-149 (2003/09)
6) 'Populatlon kinetics of lithiumlike and berylllumllke ions in low temperature dense recombining
“plasma :
Kawachi Tetsuya
Phys. Rev. E 67, 016409, 1-8 (2003)
7) Development of soft X-ray microscopy system using X- ray laser in JAERI Kansai
Kishimoto Maki, Tanaka Momoko, Tai RenZhong, Sukegawa Kouta, Kado Masataka, Hasegawa
Noboru, Tang Huajing, Kawachi Tetsuya, Lu P., Nagashlma Keisuke, Daido Hiroyuki, Kato
Yoshiaki, Nagai K., Takenaka H.
. J. Phys. IV France 104 141-143 (2003)
8) Development of a laser-pumped X-ray laser with full spatial cohcrcnce :
~ Nagashima Keisuke, Tanaka Momoko, Nishikino Masaharu*, Kishimoto Maki, Kado Masataka
. Kawachi Tetsuya, Hasegawa Noboru, Ochi Yoshihiro, Sukegawa Kouta*, Tai RenZhong*
" Joumal of Plasma and Fusion Research 80, 3, 236-240 (2004/03) =~
9)  Observation of strong soft-x-ray amplification at 8.8 nm in the transient collisional-excitation
scheme
Kawachi Tetsuya, Sasak1 ‘Akira, Tanaka Momoko, Kishimoto Maki, Hasegawa Noboru,
Nagashima Keisuke, Koike Masato, Daido leoyukl Kato YOShlakl ‘
~ Phys. Rev. A69, 033805 (2004) .

2. Proceeding _ _

1) Demonstration of Soft X-ray Laser with Full Spatial coherence and Diffraction Limited Divergence
Nishikino Masaharu, Tanaka Momoko, Kishimoto Maki, Kado Masataka, Kawachi Tetsuya,
Sukegawa Kouta, Ochi Yoshihiro, Hasegawa Noboru, Nagashima Keisuke, Kato Yoshiaki -
Inertial Fusion Science and Applications 2003 (Monterey, Cahfomla 2003, Sep.)

2) Development of a full spatial coherent x-ray laser at 13.9 nm
Nagashima Keisuke, Tanaka Momoko, Nishikino Masaharu, Kishimoto Maki, Kado Masataka,
Kawachi Tetsuya, Hasegawa Noboru, Ochi Yoshnhlro Sukegawa Kouta, Tai RenZhong, Kato

Y oshiaki .
Proceedings of SPIE, 5197, 1-8 (2003). : :
- 3)  Development of a full spatial coherent x-ray laser at 13. 9 nm and its appllcatlons

Nagashima Keisuke, Tanaka Momoko, Nishikino Masaharu, Kishimoto Maki, Kado Masataka
Kawachi Tetsuya, Hasegawa Noboru, Ochi Yoshihiro, Sukegawa Kouta, Tai RenZhong, Kato
Y oshiaki

Proceedings of Applications of High Field and Short Wavelength Sources X 25-27 (2003)

4) Measurement of temporal duration of transient excitation x-ray lasers :
Ochi Yoshihiro, Kawachi Tetsuya, Hasegawa Noboru, Sasaki Akira, Nagashima Keisuke,
Sukegawa Kouta, Kishimoto Maki, Tanaka Momoko, Nishikino Masaharu, Kado Masataka
Daido Hiroyuki

_ Proceedings of Applications of High Field and Short Wavelength Sources X, 2003

5) Observation of the Ferroelectric Material with Instantaneous X-ray Laser Speckle
Tai RenZhong, Namikawa Kazumichi, Kishimoto Maki, Tanaka Momoko, Sawada A., Hasegawa
Noboru, Kawachi Tetsuya, Sukegawa Kouta, Kado Masataka, Ochi - Yoshihiro, Nishikino
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Masaharu Nagashima Keisuke, Daido Hiroyuki, Kato K., Maruyama H., Ando M.
AIP Conference Proceedings 705, 1122-1125 (2004)
- 6) Coherent x-ray laser generation by use of double target amplification
Tanaka Momoko, Nishikino Masaharu, Kawachl Tetsuya Hasegawa Noboru, Kado Masataka,
+ Kishimoto Maki, Nagashima Keisuke
: The Japan Society of Applied Physics, The 64th Autumn Meeting, August 2003
1)) Full coherent x-ray-laser beam by double-target amplification
Nishikino Masaharu, Tanaka Momoko, Kishimoto Maki, Kado Masataka, Kawachi Tetsuya,
Sukegawa Kouta, Hasegawa Noboru, Ochi Yoshihiro, Nagashima Keisuke
The Japan Sqciety of Applied Physics, The 64th Autumn Meeting, August 2003
8) Development of a full spatial coherent x-ray laser
' Nagashima Keisuke, Tanaka Momoko, Nishikino Masaharu, Kishimoto Maki, Kado Masataka, .
‘Kawachi Tetsuya, Hasegawa Noboru, Ochi Yoshihiro, Sukegawa Kouta, Tai RenZhong
Japan Society of Plasma Science and Nuclear Fusion Research, The 20th annual meeting,
November 2003 - ' :
9) Measurement of laser induced plasma with Bi-mirror interference microscopy
Nishikino Masaharu, Kado Masataka, Kishimoto Maki, Sukegawa Kouta, Ishino Masahiko,
" Nagashima Keisuke, Daido Hiroyuki, Tang Huajing., Guilbaud O., Ros D, Khsmck A, Joyeux
D., Phalippou'D.
The 7th Symposium of X-ray imaging, November 2003
. 10)  Temporal characteristics of the TCE X-ray lasers
Ochi Yoshihiro,  Kawachi Tetsuya, Hasegawa Noboru, Sasaki -Akira, Nagashlma Kelsuke
Sukegawa Kouta, Kishimoto Maki, Tanaka Momoko, Nishikino Masaharu, Kado Masataka, Ta1
RenZhong . . '
59th annual meetmg ofJ apan Physical Society, Fukuoka March 2004

3. JAERI-Report :

1) Generation of nano scale X-ray laser beam using fresnel zoneplate (in Japanese)
Nagashima Keisuke, Kado Masataka, Nishikino Masaharu*,
JAERI-Research 2003-035 (2004/02)

* Free Electron Laser Development (Free Electron Laser Research Group)

1. Journals

1) Projectile Coulomb excitation of "*Se. : ‘
Hayakawa Takehito, To Yosuke, Oshima, Masumi, Osa Akihiko, Koizumi Mitsuo, Hatsukawa
Yuichi, Utsuno Yutaka, Katakura Junichi, Matsuda Makoto, Morikawa Tsuneyasu*, Sugawara
Masahiko*, Kusakari, Hideshige*, Czosnyka, T* .
Physical Review C 67, 064310 1 064310_6 (2003/06).

2) Neutron capture cross.section to '*6Re isomeric state
Hayakawa Takehito, Shizuma Toshiyuki, Yamauchi- TOShlhlkO Minehara Eisuke, Arisawa
Takashi : _

Nuclear Physics A 718, 665¢-667¢ (2003/05)
3) High spin states in '**Dy _
Hayakawa Takehito, To Yosuke Oshima Masumi, Matsuda Makoto, Hatsukawa Yuichi,
Shizuma Toshiyuki, Katakura Junichi, limura Hldekl Mitarai Shiro*, Zhang, Y.*, Sugawara
Masahiko*, Kusakari, Hideshige*
Physical Review C 68, 6, 067303_1-067303 4(2()03/12)
4) Inelastic excitation of 137Re
Shizuma Toshiyuki, To Yosuke, Oshlma Masumi, Sugawara, Masahiko*, Matsuda Makoto,
Hayakawa Takehito, Koizumi Mitsuo, Osa Akihiko, Zhang, Y. H.*,Liu, Z.*
European Physical Journal A 17, 2, 159-165 (2003/06)
5) ‘Medical free-electron lasers (in Japanese)
Minehara Eisuke
Ionizing Radiation and Advanced Medical Treatment Technologies, Chapter Name: Advanced
Medical Treatments Related analyzing and Apparatus Technologies, Radiation Technology for
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12)

13)

14)

15)

' 16)

17)
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Advanced Medlcal Care, NSA (Nuclear Systems Assoc1at10n) Commentaries Series No. 11,
135-142 (2003/06)
Generation of a self-chirped few-cycle optical pulse in an FEL oscillator
- 'Hajima Ryoichi, Nagai Ryoji '
Physical Review Letters 91, 2, 024801_1-024801_4 (2003/07)
AF irst-order matrix approach to the analysis of electron beam emittance growth caused by coherent
synchrotron radiation
Hajima Ryoichi
Japanese Journal of })phed Physics, Part 2, 42, 8A, L974-L976 (2003/08) .
High-spin structure in'
Shizuma Toshiyuki, Mltaral Shiro*, Sletten G.*, Bark R. A.*, .Gjorup N L.*, Jensen H. J.¥,
Piiparinen M.*, Wrzesinski J.*, Shimizu YOShlfUIm*
Physical Review C 69,2, 024305' 1-024305_18 (2004/02)
Free-Electron Lasers (Road Maps for Laser Manufacturmg)
Minehara Eisuke
Optoelectronic Technology Roadmap for Optical Processmg (2003/06)
Shot noise in short pulse free electron lasers =
Xie Ming, Hajima Ryoichi
" Nuclear Instruments and Methods in Physics-Research
A full-DC injector for an energy-recovery linac
Hajima Ryoichi, Minehara Eisuke, Nagai Ryoji
Nuclear Instruments and Methods in Physics Research

Emittance Compensation in a Return Arc of an Energy-Recovery Linac

Hajima Ryoichi
Nuclear Instruments and Methods in Physics Research
Optical Resonator Optimization of JAERI ERL-FEL
Nagai Ryoji, Hajima Ryoichi, Sawamura Masaru, Nishimori Nobuyuki, Kikuzawa Nobuhlro
Minehara Eisuke
- Nuclear Instruments and Methods in Physics Research
Study of HOM Instability of the JAERI ERL-FEL -
Sawamura Masaru, Hajima Ryoichi, Naga1 Ryoji, Klkuzawa Nobuhiro, Nishimori Nobuyukl
Minehara Eisuke
Nuclear Instruments and Methods in Physics Research
Control system upgrade of JAERI ERL-FEL
Kikuzawa Nobuhiro
Nuclear Instruments and Methods in Physics Research
A Study on Decomposition of Dioxin Analogues by FEL
Yamauchi Toshihiko, Minehara Eisuke, Ito S.
Nuclear Instruments and Methods in Physics Research .

“A new isomer in '"®Ba populated by deep-inelastic collisions

Shizuma Toshiyuki, Gan Z., Ogawa K., Nakata J., Oshima M., Tou Y., Hayakawa Takehito,
Hatsukawa Y, Sugawara M., Utsuno Y., Liu Z.
European Physical Journal A

2. Proceedings

D

2)

3)-

First demonstration of energy-recovery operation in the . JAERI superconductmg linac for a
high-power free-electron laser
Hajima Ryoichi, Shizuma Toshiyuki, Sawamura Masaru Nagal Ryop Nishimori Nobuyukl
Kikuzawa Nobuhiro, Minehara Eisuke
Nuclear Instruments and Methods in Physics Research A 507, 1-2, 115-119 (2003/07)

Electron beam dynamics through a return-arc and- a deceleranon path of the JAERI

Energy-Recovery Linac
Hajima Ryoichi, Minehara Elsuke
Nuclear Instruments and Methods in Physics Research A 507 1-2, 141-145 (2003!07)
Formation of an FEL field with uniform and constant phase due to the slippage effect -
Nishimori Nobuyuki, Hajima Ryoichi, Nagai Ryoji, Minehara Eisuke
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Nuclear Instruments and Methods in Physics Research A 507,1-2,79-83 (2003/07)

" Performance and upgrade of the JAERI ERL-FEL

Sawamura Masaru, Hajima Ryoichi, Kikuzawa Nobuhiro, Mlnehara Eisuke, Nagai Ryoji
Nishimori Nobuyuki
Proceedings of 2003 Particle Accelerator Conference (PAC 2003) (CD- ROM) 3446-3448 (2003)

Linac optics optimization for energy recovery Linacs
Nagai Ryoji,  Hajima Ryoichi, Klkuzawa Nobuhiro, Minehara Eisuke, lehrmon Nobuyuki,
Sawamura Masaru
Proceedings of 2003 Particle Accelerator Conference (PAC 2003) (CD ROM) 3443 3445 (2003)

Cost estimation of an energy recovery Linac light source
Sawamura Masaru, Hajima Ryoichi, Klkuzawa Nobuhiro, Mmehara Eisuke, Nagai Ryoji,
Nishimori Nobuyuki
Proceedings of 2003 Particle Accelerator Conference (PAC 2003) (CD-ROM) 3449-3451 (2003)

Doubling of the microbunch repetition rate of a thermionic electron gun in JAERI FEL (in

Japanese)

Nishimori Nobuyuki, Nagal Ryoji, Mmehara Eisuke, Klkuzawa Nobubhiro, Hapma Ry01chl ‘
Sawamura Masaru
Proceedings of 28th Linear Accelerator Meeting in Japan 159-161.(2003/08)

Electric length stabilization of RF reference distribution cable (in Japanese)

Nagai Ryoji, Sawamura Masaru, Kikuzawa Nobuhiro, Hajima Ryoichi, Nishimori Nobuyuk1
Minehara Eisuke
Proceedings of 28th Linear Accelerator Meeting in Japan 315-317 (2003/08)

Mode calculation of optical resonator for free-electron laer by fast-fourie-transform (in Japanese)
Nagai Ryoji, Hajima Ryoichi, Sawamura Masaru, Nishimori Nobuyuk1 Kikuzawa Nobuhiro,
Minehara Eisuke
Proceedings of 28th Linear Accelerator Meeting in Japan 381-383 (2003/08)

Analyses of coherent synchrotron radiation effect on an electron beam motion using first-order -

‘matrices (in Japanese)

. Hajima Ryoichi

-Proceedings of 28th Linear Accélerator Meetmg in Japan 288-290 (2003/08)
Development of 10kW FEL at the JAERI energy recovery linac (in Japanese)

Hajima Ryoichi, Sawamura Masaru, Nagai Ryoji, Kikuzawa Nobuhiro, Nishimori Nobuyuki,

Minehara Eisuke

Proceedings of 28th Linear Accelerator Meeting in Japan 390 392 (2003/08)
Control system upgrade of JAERI ERL-FEL (in Japanese)

Kikuzawa Nobuhiro

Proceedings of 28th Linear Accelerator Meeting in Japan 437-439 (2003/08)
An Analysis of the coherent synchrotron radiation effect in an energy-recovery linac by first-order
transfer matrix :

Hajima Ryoichi

Proceedings of the 14th Symposium on Accelerator Science and Technology 401-403 (2003/1 l)
JAERI ERL-FEL; Status and future plans

Hajima Ryoichi, Sawamura Masaru, Nagai Ryoji, Kikuzawa Nobuhlro Nishimoni Nobuyukl

Minehara Eisuke

Proceedings of the 14th Symposium on Accelerator Science and Technology 696-698 (2003/1 1)
Development of a control system wnh 1 iTRON for the JAERI ERL-FEL (in Japanese)

Kikuzawa Nobuhiro.

{Proceedmgs of the 14th Symposium on Accelerator Science-and Technology 269-271 (2003/11)
Analysis of an FEL oscillator at zero detunmg length of an optlcal cavrty in the early stage of the
field evolution

Nishimori Nobuyuki- - '

Proceedings of the 14th Symposium on Accelerator Science and Technology 108-110 (2003/11)
Stabilization of RF reference cable for JAERI ERL-FEL (in Japanese)

Nagai Ryoji, Sawamura Masaru, Kikuzawa Nobuhiro, Hajima Ryoichi, Nishimori Nobuyuki,

Minehara Eisuke

Proceedings of the 14th Symposmm on Accelerator Science and Technology 362 364 (2003/11)
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24)
25)

26)

27)

| 3. Patents pending

1,

2)
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-

A 400m-long superconducting RF linac cryostat design for an ERL light source
Minehara Eisuke
Proceedings of the 14th Symposium on Accelerator Science and Technology 247 (2003/11)
Phase shift induced by Free Electron Laser interaction with electrons on resonance
Nishimori Nobuyuki, Hajima Ryoichi, Nagai Ryoji
Proceedings of the 25th Free Electron Laser conference »
Analysis of the saturation field in an FEL oscillator_'at zero detuning of an optical cavity
Nishimori Nobuyuki
Proceedings of the 25th Free Electron Laser conference
Status of the JAERI energy-recovery linac FEL —_
Hajima Ryoichi, Sawamura Masaru, Nagai Ryop Kikuzawa Nobuhlro lehlmon Nobuyuki,
Minehara Eisuke
Proceedings of the 25th Free Electron Laser conference
Femtosecond pulse generation from a self-chirped FEL oscillator
-Hajima Ryoichi, Nagai Ryoji
Proceedings of the 25th Free Electron Laser conference

- HOM properties of the JAERI ERL-FEL

Sawamura Masaru, Nagai Ryoji, Kikuzawa Nobuhiro, Hajlma Ryoichi, Nishimori Nobuyukl,

Minehara Eisuke

Proceedings of the 27th Linear Accelerator Meeting in'Japan \
JAERI Femtosecond pulsed and Tens-Kilowatts Average-powered Free-Electron Lasers and Their
Applications of Larger-scaled Non-thermal Peering, Cutting and Drilling in Nuclear Industry

Minehara Eisuke;, Nishimura M., Tsukada Takashi

Proceedings of the 5th International Symposium on Laser Precision Mlcrofabncatlon
Development of an Energy-Recovery Linac for a High-Power FEL at JAERI

Hajima Ryoichi, Sawamura Masaru, Nagai Ryop Kikuzawa Nobuhiro, Nishimori Nobuyukl,,

Minehara Eisuke

Proceedings of The Asian Particle Accelerator Conference
R-Matrix Analysis of the CSR Effect in a Future ERL Light Source

Hajima Ryoichi

Proceedings of The Asian Particle Accelerator Conference

20.8 MHz Electron Gun System for an Energy Recovery Linac FEL at JAERI

Nishimori Nobuyuki, Nagai Ryoji, Minehara Eisuke, Hajima Ryoichi, Kikuzawa Nobuhiro,
Sawamura Masaru
Proceedings of The Asian Particle Accelerator Conference
Stress removal method on stainless steel surface by ultrashort laser pulses
Japan patent application number 2003-349489 '
Minehara Eisuke, Nishimura Akihiko, Tsukada Takashi .
A device to provide narrow-band synchrotron radiation for multiple beam lines sxmultaneously
Hajima Ryoichi -
Japan patent application number 2004-033225

Optics Research and Development (Novel Optics Research Group)

1. Journals
1) Soft X-ray laminar-type varied-line-spacing holographic gratings

2)

Sano Kazuo*, Koike Masato
- Journal of Plasma and Fusion Research 79, 4, 391-397 (2003/04)

Fabrication of multilayer mirrors consisting of oxide and nitride layers for commual use across the

K-absorption edge of carbon
Ishino Masahiko, Yoda Osamu
Applied Optics 43, 9, 1849-1855 (2004/03)

2. Pfoceedings
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1) Heat stability of Mo/Si multilayers inserted with compound layers
Ishino Masahiko, Yoda Osamu, Takenaka Hisataka*, Sano Kazuo*, Koike Masato
Surface and Coatings Technology 169-170, 1-3, 628-631 (2003/06)
2) Nd:YVO, and Y VO, laser crystal integration by a direct bonding technique
Sugiyama Akira, Fukuyama Hiroyasu*, Katsumata Masaki*, Okada Yukikatsu*
Integrated Optical Devices: Fabrication and Testing (Proceedings of SPIE Volume 4944)
361-368 (2003)
3) A New High Energy-resolution Soft-X-ray Spectrometer for A Transmission Electron Mlcroscope
Terauchi M., Koike Masato
. Microscopy & Microanalysis, 9 (supple.2), 894-895 (2003)
4) Conical Diffraction Monochromator Equipped w1th Holographic Gratmgs in Energy Region of
1-4keV
Koike Masato, Namioka Takeshi
Proc. of the Eighth International Conference on Synchrotron Radiation Instrumentation, edited by
T. Warwick et al., AIP-CP705, 865-868 (2004) »

*3. JAERI-Reports : ‘
1) Feasibility study of a direct bonding method for laser crystals Evaluations of YVO, yttrium
orthovanadate bonded laser crystals (in Japanese)
Sugiyama Akira, Nara Yasunaga
JAERI-Research 2003-023 (2003/11)

4. Patent pending :

1) Fabrication method of soft X-ray transmission-type polarization elements
Ishino Masahiko, Koike Masato, Imazono Takashi
Japan patent application number 2004-003644

Advanced Photon Simulation Research (Simulation Group for Advanced Photon Science)

1. Journals
1) Theoretical EUV spectrum of near Pd-like Xe
Sasaki Akira
Joumal of Plasma and Fusion Research 79 4,315-317 (2003/04)
2). Acceleration of injected electron beam by ultra-intense laser pulses with phase disturbances
Nakamura Tatsushi, Kato Susumu, Koga James, Tanimoto Mitsushi, Koyama Kazuyosh1 Kato T.
Journal of Plasma Fusion-Research 79, 4, 318-320 (2003/04)
3) Light intensification towards the Schwinger limit
Bulanov S. V.*, Esirkepov T. Z.*, Tajima Toshiki
Physical Review Letters 91, 8, 085001_ 1-085001_4 (2003/08) ,
4) Direct electron acceleration by stochastic laser fields in the presence of self-generated magnetic
fields
Tanimoto M., Kato S., Miura E., Saito N., Koyama K., Koga James. K.
Phys: Rev. E 68, 1, 026401_1-026401_8 (2003)
5) On the upper limit of the energy of ions accelerated at the front of relativistic electron cloud
expanding into a vacuum
Bulanov S.V., Esirkepov T.Zh., Koga James.K., Tajima Toshiki, Farina D.
Plasma Physics Reports 30, 1, 18-29 (2004)
6) Accurate basis set by the CIP method for the solutions of the Schrodmger equation
Utsumi Takayuki*, Yabe Takashi*, Koga J. K., Aoki Takayuki*, Sekine Masatoshi*
Computer Physics Communications 157, 2, 121-138 (2004/02)
7 Thermodynamics in density-functional theory and force theorems
Chihara Junzo*, Yamagiwa, Mitsuru
Progress of Theoretical Physics 111, 3, 339-359 (2004/03)

8) Effect of self-injection on ultraintense laser wake-field acceleration

Zhidkov Alexei, Koga James, Kinoshita K., Uesaka Mitsuru
Phys. Rcy’. E, 69, 3, 035401_1-035401_4 (2004)
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2. Proceedmgs
1) Parallel implementation of the solver for the one-dlmensmnal Vlasov-Poisson equation based on the

DA-CIP method .
Utsumi Takayuki*, Koga J. K., Kunugi Tomoaki* ,
Parallel Computational Fluid Dynamlcs New Frontiers and Muiti-Disciplinary Applications
_ 539-546 (2003)

2) X-ray emission from inner-shell ionization of Ne-like ions
Moribayashi Kengo, Kagawa Takashi*, Kim D. E.*
Nuclear Instruments and Methods in Physics Research B 205, 334- 336 (2003/05)

3) Short wavelength X-ray emlssmn generated by high intensity laser irradiation on Xe. clusters
Moribayashi Kengo
Nuclear Instruments and Methods in Physics Research B 205, 346-349 (2003/05)

4) Functional distributed server controlled system managing large-scale srmulatlon (in Japanese)
Ueshima Yutaka, Kondo Takao*, Isogai Kentaro*

. IPSJ Symposium Series (ISSSN 1344-0640)2003, 14, 151-158 (2003/10)

3. JAERI-Reports
1) Proceedings of Conferences on the Large Data Management January 29-31, 2003, Advanced
Photon Research Center, Kyoto (in Japanese)
, JAERI-Conf 2004-002, 81 (2004/03)
2) Proceedings of the 4th Symposium of Large Data Management for Creative Research Septemberv
2-4, 2002, Advanced Photon Research Center, Kyoto, Japan (in Japanese)
" JAERI-Conf 2004-003, 62 (2004/03)

High Peak Power Laser Application (Applied Photon Research Group)

1. Journals
1) - Photodissociation of acetaldehyde, CH;CHO—>CH;+HCO Direct ab initio molecular dynamics
study - :

Kurosaki Yuzuru, Yokoyama Keiichi
Chemical Physics Letters 371, 5-6, 568-575 (2003/04) .
2) Energetic protons from a few-micron metallic foil evaporated by an intense laser pulse
' Matsukado Koji*, Esirkepov T. Z.*, Kinoshita Kenichi*, Daido Hiroyuki, Utsumi Takayuki*,
Li Zhong*, Fukumi Atsushi*, Hayashr Yukio, Orimo Satoshi, Nishiuchi Mamiko,
Bulanov S. V.*, Tajima Toshiki, Noda Akira*, Iwashita Yoshihisa*, Shirai Toshiyuki*,
Takeuchi Takeshi*, Nakamura Shu*, Yamazaki Atsushi*, Ikegami Masahiro*, Mihara Takanori*,
Morita Akio*, Uesaka Mitsuru*, Yoshii Koji*, Watanabe Takahiro*, Hosogai Tomonao*,
Zhidkov Alexei*, Ogata Atsushi*, Wada Yoshio*, Kubota Tetsuo* : '
Physical Review Letters 91, 21, 215001_1-215001 ~4(2003/11) -
3) Potentiality of the laboratory astrophysrcs using high repetition rate and high intensity lasers (in
Japanese)
" Nishiuchi Mamiko, Daido leoyukl Takabe Hideaki*, Matsukado Koji*
.. The Review of Laser Engineering 31, 11, 711-720 (2003/11)
4) Preface to topical papers on science and technology created by ultra-short and ultra-high mtensrty
lasers (in Japanese)
Daido Hiroyuki
The Review of Laser Engineering 31 11, 696-697 (2003/1 n
5) Ultra-short ultra-high intensity laser-matter interaction (in Japnaese)
Daido Hiroyuki
The Review of Laser Engineering 31, 11, 698-706 (2003/11) :
6) Global ab initio potential energy surfaces for the lowest three doublet states (1?A’; 2’A’, and 1’A")
of the BrH, system :
Kurosaki Yuzuru, Takayanagi Toshiyuki
Joumal of Chemical Physics 119, 15, 7838-7856 (2003/10) ,
7 Development of the laser-plasma ion source for cancer therapy (in Japanese)

— 128 —



JAERI-Review 2004-030

Matsukado Koji*, Bulanov S. V.* Daido Hiroyuki »
- The Review of Laser Engineering 31 11, 721-729 (2003/11)
" 8) Temperarure dependence of femtosecond time-resolved fluorescence intensity of a dye molecule in
solution
Murakami Hiroshi
: Journal of Luminescence 102, 295-300 (2003)
9) Direct ab initio molecular dynamics study of the two photodissociation channels of formic acid
‘ Kurosaki Yuzuru, Yokoyama Keiichi, Teranishi Yoshiaki ' :
Chem. Phys. in press
10)  Characterization or -preformed plasmas with an interferometer for ultra-short high- mtensnty
laser-plasma interaction
Sagisaka Akito, Daido Hiroyuki, Ogura Koichi, Orimo Satosh1 Hayashi Yukio,
Nishiuchi Mamiko, Mori Michiaki, Katsukado Koji, Fukumi Atsushi, Li Zhong, Nakamura Shu
Takagaki Kenichi, Hazama Hisanao, Suzuki Masato, Utsum1 ‘Takayuki, Bulanov S. V.,
Esirkepov T. .
» Appl. Phys. B78, 919-922 (2004)
11)  Photophysics of 1,5-diarylpenta-1,4- dlene 3-one in the excited singlet state: Is the aromatic dienone
a vinylogue of benzophenone?
Hagiri M., Ichinose N. ShlroyamaT Murakami leOShl Kishimoto Makl Daxdo Hiroyuki,
Nakayama T
.Chemical Physics Letters -

2. Proceedmg
1)  Temperature dependence of the ultrafast solvation of a dye molecule in alcohol L~
Murakami Hiroshi, Tanaka Momoko
_Slow Dynamics in Complex Systems: 3rd International symposium, 739-740 (2004) . -

3. Patent pending : :
- 1) Fabrication technique for nano-meter sized crystalhne fibers and crystalline silicon nano-meter

sized fibers
Daido Hiroyuki
Japan patent application numbcr 2003- 389641

Advanced Photon Research
1. JAERI-Reports
1) Proceedings of the 4th Symposium on Advanced Photon Research Novcmber 28-29, Advanced
Photon Research Center, Kyoto, Japan (in Japanese)
JAERI-Conf 2003-008.(2003/07) A
2) Proceedings of the 5th Symposium on Advanced Photon Research; November 20-21, Advanced
Photon Research Center, Kyoto, Japan (in Japanese) : :
JAERI- Conf 2004- 009 (2004/06)
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6.2 List of Publications on Synchrotron Radiation Research Center
Experimental facilities development (Experimental Facilities Developmént Group)

1. Reports ' ' !
1) Annual Report of Kansai Research Establishment 2002; Apnl 1, 2002 - March 31, 2003
KANSALI Research Establishment
JAERI-Review 2003-042,140,(2004/02) _
2) Setup of the X-ray mirror system on BL11XU at SPring-8
KIRIYAMA Koji, TAKAHASHI Masamitsu, SHIWAKU Hldeakl
JAERI-Tech 2004-017,39,(2004/03)
3) Characterization of cryogenically: cooled silicon crystals, for the-double- crystal monochromator on
BL11XU at SPring-8
TOZAWA Kazukiyo, KIRITYAMA Koji, MITSU Takaya, SHIWAKU Hideaki, HARAMI Taikan
JAERI-Tech 2004-041,27,(2004/03)

2. Journals

1) Evidence fora Narrow S= +l Baryon Resonance in Photoproduction from the Neutron .
T. NAKANO, D. S. AHN, J. K. AHN, H. AKIMUNE, Y. ASANO, W. C. CHANG S. DATE, H.
EJIRI, H. FUIIMURA M. FUJIWARA, K. HICKS, T. HOTTA, K. IMAI, T. ISHIKAWA, T.
IWATA, H. KAWAL Z. Y. KIM, K. KINO, H. KOHRI, N. KUMAGALI, S. MAKINO, T.
MATSUMURA, N. MATSUOKA, T. MIBE, K. MIWA, M. MIYABE, Y. MIYACHI, M.
MORITA, N. MURAMATSU, M. NIIYAMA, M. NOMACH]I, Y. OHASHI, T. OOBA, H.
OHKUMA, D. S. OSHUEYV, C. RANGACHARYULU, A. SAKAGUCHI, T. SASAK]I, P. M.
SHAGIN, Y. SHIINO, H. SHIMIZU, Y. SUGAYA, M. SUMIHAMA, H. TOYOKAWA, A.
WAKALI C. W. WANG S. C. WANG, K. YONEHARA, T YORITA, M. YOSHIMURA, M.
YOSOI and R. G. T. ZEGERS
Phys. Rev. Lett. 91, 012002 (2003)

2) ‘Beam-Polarization Asymmetries for the p(g,K+) and p(g,K+) 0 Reactlons forE =1.5t02.4GeV
R. G. T. ZEGERS, M. SUMIHAMA, D. S. AHN, J. K. AHN, H. AKIMUNE, Y. ASANO, W. C.

CHANG, S. DATE H. EJIRI, H. FUJIMURA, M. FUJIWARA, K. HICKS, T. HOTTA, K. IMAI,
T. ISHIKAWA, T. IWATA, H. KAWAL, Z. Y. KIM, K. KINO, H. KOHRI, N. KUMAGAI, S.
MAKINO, T. MATSUMURA, N. MATSUOKA, T. MIBE, K. MIWA, M. MIYABE, Y.
MIYACHI, M. MORITA, N. MURAMATSU, T. NAKANO, M. NIIYAMA, M. NOMACHL Y.
" OHASHI T. OOBA, H. OHKUMA, D. S. OSHUEY, C. RANGACHARYULU, A. SAKAGUCHI
" T. SASAKI, P. M. SHAGIN, Y. SHIINO, H. SHIMIZU, Y. SUGAYA, H. TOYOKAWA, A.
WAKALIL C. W. WANG S. C. WANG, K. YONEHARA, T. YORITA M. YOSHIMURA and M.
YOSOI . :
Phys. Rev. Lett. 91, 092001 (2003)

3) Baking effect for NdFeB magnets against demagnetlzatlon induced by high energy electrons
T.BIZEN, Y. ASANO, THARA, X MARECHAL, T.SEIKE, T. TANAKA, H.S.LEE, D.E.KIM,
C.W.CHUNG and H.KITAMURA
Nucle. Instr. and Methods. A515 850-852 (2003)

3. Proceedmg

1) Radiation measurement around a 10-T superconducting wiggler at SPnng—
M.SHOJILK.SOUTOME,N.KUMAGAILJ.TADA,T.MAGOME,M.OISHI,TOHSHIMA,S.SASA
KI,M.TAKAO,T.TAKAGI, K.TSUMAKILT.YORITA H'YONEHARA and YASANO o
Particle accelerator conference 3p 2003 Orland Oregon USA (2003)

High pressure science (High Pressure Science Group)
1. Journals
1) Addendum to “Dopmg-Dependent Magnetic Structure of Tb;.xCa,MnO;”

MACHIDA Akihiko, MORITOMO Yutaka, OYAMA Kenji
Journal of the Physical Society of Japan,72,5,1312,(2003/05)
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12)

13)
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X-ray structural studies on elemental liquids under high pressures
KATAYAMA Yoshinori, TSUJI Kazuhiko
Journal of Physics; Condensed Matter,15,36,6085-6103 (2003/09)
Congruent melting of gallium nitride at 6 GPa and its application to single-crystal growth .
- UTSUMI Wataru, SAITO Hiroyuki, KANEKO Hiroshi, WATANUKI Tetsu, AOKI Katsutoshi,
SHIMOMURA Osamu
Nature Materials,2,11,735-738 (2003/11)
Phase relations and equations of state for FeS at high pressures and high temperatures and implications
to the internal structure of Mars .
S. URAKAWA, K. SOMEYA, H. TERASAKI T. KATSURA, S. YOKOSHI, K. FUNAKOSHI
W. UTSUMI, Y. KATAYAMA, Y. SUEDA and T. IRIFUNE
Phys.Earth Planet.Inter. 143-144, 469-479 (2004/02)
A Kawai-type High-pressure and High-temperature Apparatus for in situ X-ray observation,
‘SPEED-Mk.II’
T. KATSURA, K. FUNAKOSHI, A. KUBO, N. NISHIYAMA, Y. TANGE Y. SUEDA, T. KUBO
and W. UTSUMI
"New Developments in High Pressure Mineral Phys1cs and Applications to the Earth's Interlor
Phys.Earth Planet.Inter.143-144, 497-506 (2004/02)
Nucleation and growth in bulk metallic glass under high pressure investigated usmg in situ x-ray
diffraction _
W. H. WANG, P. Pen, D. 0. ZHAO, M. X. PAN, T. OKADA and W. UTSUMI
Appl. Phys.Lett..83, 5202-5204 (2003/12)

' Melting and crystallization of NdgoAloFe20Co10 bulk metallic glass under high pressure

D. Q. ZHAO, M. X. PAN, W. H. WANG B. C. WEIL, T. OKADA and W. UTSUMI
J. Phys.: Condens. Matt. 15, L1-L5 (2003/10)

Effect of pressure on nucleation and growth in the ZrT1CuN1Be bulk glass formmg alloy investigated

using in situ x-ray diffraction .
W. H. WANG, T. OKADA, P. WEN, X.-L. WANG, M. X. PAN and W. UTSUMI
Phys.Rev.B 68, 184105-1-184105-6 (2003/06) e
Formation and crystallization of CuZrHfTi bulk metallic glass under ambient and hlgh pressures
Z.X. WANG, D. Q. ZHAO, M. X. PAN, W. H. WANG, T. OKADA and W.UTSUMI -~
J.Phys.: Condens.Matter 15, 5923-5932 (2003/05)
In situ x-ray diffraction of graphite-diamond transformation using various catalysts under hlgh
pressures and high temperatures
W. UTSUMI, T. OKADA, T. TANIGUCHI K. FUNAKOSHI, T. KIKEGAWA N HAMAYA.
and O. SHIMOMURA
J.Phys.: Condens.Matt.16, S1017 81026 (2004/01) .
Anharmonicity of platinum under HP and HT
M. OKUBE, A. YOSHIASA, O. OHTAKA and Y. KATAYAMA
High Pressure Res. 23, 247-251(2003/09)
Structural transformations in liquid, crystalline and glassy B,O5 under high pressure
V. V. BRAZHKIN, Y. KATAYAMA, Y. INAMURA, M. V. KONDRIN, A. G. LYAPIN, S. V. .
POPOVA and R. N. VOLOSHIN,
JETP Lett, 78, 393-397 (2003/09) »
Stability of magnesite and its high-pressure form in the lowermost '
Maiko ISSHIKI, Tetsuo IRIFUNE, Kei HIROSE, Shigeaki ONO, Yasuo OHISHI, Tetsu
WATANUK]I, Eiji NISHIBORI, Masaki TAKATA and Makoto SAKATA
Nature 427, 60-62(2004/01)

Structilral physics research (Structural Physics Research Group)

4 A 1. Journals
1) Electrochemical synthesis of superconductive MgB, from molten salts

YOSHII Kenji, ABE Hideki .
Physica C,388-389,1-4,113-114,(2003/05)

"2). Resonant X-ray scattering study on the filled skutterudite PrFe Py,
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ISHII Kenji, INAMI Toshiya, MURAKAMI Yoichi, Hao, L., IWASA Kazuaki, KOGI Masafumi,
AOKI Yuji, SUGAWARA Hitoshi, SATO Hldeyukl IMADA Shin, NAKAO leonon SAWA
Hiroshi, WAKABAYASHI Yusuke
_Physica B; Condensed Matter,329-333,1-4,467-468,(2003/05)

3) Time-resolved X- -ray dlﬂ“ractlon study on surface structure and morphology during ‘molecular beam

epitaxy growth

TAKAHASHI Masamitsu, YONEDA Yasuhlro INOUE Hirotane, YAMAMOTO Naomasa,
MIZUKI Junichiro
Journal of Crystal Growth,251,1-4,51-55,(2003/04)

4) RHEED observation of BaTiOs thin films grown by MBE
YONEDA Yasuhiro, SAKAUE Kiyoshi, TERAUCHI Hikaru
Surface Science,529,3,283-287,(2003/04)

5) Relation between the structure and catalytic activity for automotive emissions; Use of X-ray

anomalous dispersion effect
MIZUKI Junichiro, NISHIHATA Yasuo, TANAKA Hirohisa - .
“Journal of the Crystallographic Society of Japan”(in Japanese) 45,3,203- 208 (2003/06)

6) Stacking-fault-induced intermediate structure in bismuth titanate
YONEDA Yasuhiro, MIZUKI Junichiro, KATAYAMA Ryoko, YAGI Kemchlro TERAUCHI
Hikaru, HAMAZAKI Shinichi, TAKASHIGE Masaaki

. Applied Physics Letters,83,2,275-277,(2003/07)
7) Domain boundaries in the GaAs(001)-2x4 surface
- TAKAHASHI Masamitsu, YONEDA Yasuhiro, YAMAMOTO Naomasa MIZUKI Junichiro
. Physical Review B,68,8,085321 1-085321_5,(2003/08)

8) Charge-ordered state in single- crystallme CaFeOs; thin film studied by X-ray anomalous diffraction
AKAO Tadahiro, AZUMA Yusuke, USUDA Manabu, NISHIHATA Yasuo, MIZUKI Jumchlro
HAMADA Noriaki, HAYASHI Naoaki, TERASHIMA Takahito, TAKANO Mikio
Physical Review Letters,91,15,156405_1-156405_4,(2003/10)

9) Electrochemical thin-film fabrication of superconductlve boride MgB,

YOSHII Kenji, ABE Hideki
“Chemistry and Industry”(m Japanese) 56,7, 802-804,(2003/00)

10) Sagittal focusing bender for SPring-8 bending magnet beamlines
YONEDA Yasuhiro, MATSUMOTO Norimasa, FURUKAWA Yukito, ISHIKAWA Tetsuya
“SPring-8 Information”(in Japanese) 8,6,397-400,(2003/11)

1) Surface structure of electrode by X-ray scattering measurement
TAKAHASHI Masamitsu
“Electrochemlstry”(m Japanese) 72,2,128-132 (2004/02)

2. Report

1) Setup of the cryogemc cooling system on BLl 1XU at SPring-8
KIRIYAMA Koji, SHIWAKU Hideaki, TOZAWA Kazukiyo
JAERI-Tech 2003-061,21(2003/07)

~ Surface chemistry research (Surface Chemistry Research Group)

1. Journals
1) ' Orientation effect on phot-fragmentatlon and ion- desorptlon from the topmost layers of molecular
solids

SEKIGUCHI Tetsuhiro, IKEURA H1r0m1 BABA Yuji
Surface Science,532-535,1-3,1079-1084,(2003/06)
2) Real-time monitoring of oxidation on the Ti(0001) surface by synchrotron radiation photoelectron
spectroscopy and RHEED-AES e
TAKAKUWA Yuji, ISHIZUKA Shinji, YOSHIGOE Akitaka, TERAOKA Yuden, YAMAUCHI
Yasuhiro, MIZUNO Yoshiyuki, TONDA Hideki, HOMMA Teiichi
Applied Surface Science,216,1-4,395-401,(2003/06)
3) Coexistence of passive and active oxidation for O,/Si(001) system observed by SiO mass spectrometry
and synchrotron radiation photoemission spectroscopy
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TERAOKA Yuden, MORITANI Kosuke, YOSHIGOE Akitaka
Applied Surface Science,216,1-4,8-14,(2003/06)
4) SiO mass spectrometry and Si-2p photoemrssron spectroscopy for the study of oxidation reaction
dynamics of Si(001) surface by supersonic O, molecular beams under 1000 K
‘TERAOKA Yuden, YOSHIGOE Akitaka, MORITANI Kosuke
o Japanese Journal of Applied Physics, Part 1,42,7B,4671-4675,(2003/07)
5) Real-time observation of initial stages thermal oxidation on Si(001) surface by using synchrotron
radiation photoemission spectroscopy '
YOSHIGOE Akitaka, MORITANI Kosuke TERAOKA Yuden
* “Vacuum”(in Japanese) 46,5,424-428,(2003/05)
6) Real time observation of initial thermal oxidation using O, gas on Si(001) surface by means of
synchrotron radiation Si-2p photoemission spectroscopy
YOSHIGOE Akitaka, MORITANI Kosuke, TERAOKA Yuden
Applied Surface Science,216,1-4,388-394,(2003/06)
- 7) Real-time monitoring of initial thermal 0x1dat10n on Sl(OOl) surfaces by synchrotron radiation -
photoemission spectroscopy
'YOSHIGOE Akitaka, MORITANI Kosuke, TERAOKA Yuden v
Japanese Journal of Applied Physics, Part 1,42,6B,3976-3982,(2003/06)
8) Real-time observation of initial stage on Si(001) oxidation studied by O-1s photoemission
spectroscopy using synchrotron radiation
- YOSHIGOE Akitaka, MORITANI Kosuke, TERAOKA Yuden
Japanese Journal of Applied Physics, Part 1,42,7B,4676-4679,(2003/07)
9) Oxidation of aqueous HF-treated Si(001) surface induced by translatlonal kinetic energy of 02 at room
temperature
YOSHIGOE Akitaka, TERAOKA Yuden
Japanese Journal of Applied Physics; Part 1,42,9A,5749- 5750 ,(2003/09)
10) Spectroscopic study of site selective DNA damage induced by mtense soft X-rays
. FUJII Kentaro ’
“Synchrotron Radiation”(in Japanese) 16,3,151-158,(2003/05)
11) In-situ observation of growth of very thin oxide on Ti surfaces by real-time photoelectron
spectroscopy
TAKAKUWA Yuji, ISHIZUKA Shinji, YOSHIGOE Akitaka, TERAOKA Yuden
“Chemical Industry”(in Japanese) 54,9,687-692,(2003/09)
12) Chemical-state analysis for low-dimensional Si and Ge films on graphite
NATH, K. G,, SHIMOYAMA Iwao, SEKIGUCHI Tetsuhiro, BABA Yuji
Journal of Applied Physics,94,7,4583-4588,(2003/10)
13) In-situ observation of oxidation of Ti(0001) surface by real-time photoelectron spectroscopy using
- synchrotron radiation
TAKAKUWA Yuji, ISHIZUKA Shinji, YOSHIGOE Akitaka, TERAOKA Yuden, MIZUNO
Yoshiyuki, TONDA Hideki, HOMMA Teiichi
“Surface Science”(in Japanese) 24,8,500-508,(2003/08)
14) Actively controlled oxidation of Cu{001} with hyperthermal O, molecular beam
OKADA Michio, MORITANI Kosuke, GOTO Seishiro, KASAI Toshio, YOSHIGOE Akitaka,
TERAOKA Yuden
Journal of Chemical Physics, 119 14, 6994—6997 ,(2003/10)
15) Characterization of B-C-N hybrid prepared by ion implantation
' SHIMOYAMA Iwao, BABA Yu_u SEKIGUCHI Tetsuhiro, NATH, K. G, SASAKI Masayoshl,
OKUNO Kenji
Journal of Vacuum Science and Technology A,21,6,1843-1848,(2003/11)
16) Control of O, adsorption and SiO desorption by incident energy of O, molecules in the OZISI(OOI)
surface reaction system
TERAOKA Yuden, YOSHIGOE Akitaka, MORITANI Kosuke
Atomic Collrslon Research in Japan, No.29,68-70 (2003/00)
17) SR-excited process
TERAOKA Yuden
“chtlonary of Nanotechnology”(m Japanese) 340-351,(2003/12)
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18) Active Control of Site-Specificity in Ion Desorption by Core Excitation

19)

Shin-ichi WADA, Erika O. SAKO, Ryohei SUMII, Satoshi WAKI, Kouji ISARI, Tetsuhiro
SEKIGUCHI, Tetsuji SEKITANI, and Kenichiro TANAKA
Nucl.Inst. Meth. Phys. Res. B, 199, 361-365 (2003/04).

Active control of chemical bond scission by site-specific core excitation
Shin-ichi WADA, Ryouhei SUMII, Kouji ISARI, Satoshi WAKI, Erika O. SAKO, Tetsuhiro
SEKIGUCHI, Tetsuji SEKITANI, Kenichiro TANAKA
Surface Science, 528, 242-248 (2003/04).

3. Report

1)

Chemisorption of CH;Cl on Si(001) surface under UHV condltlon
IMANAKA Soichi, OKADA Michio, KASAI TOSth TERAOKA Yuden, YOSHIGOE Akitaka
JAERI-Tech 2003-066,36,(2003/08)

Heavy atoni' science (Heavy Atom Science Research Group) -

Journals

1y

2)

. 3)

4)

5)

6)

7)

&

9)

10)

Charge disproportionation and magnetic properties in perovskite iron oxides
KUZUSHITA Kaori, MORIMOTO Shotaro, NASU Saburo
_ Physica B; Condensed Matter,329-333,1-4,736-737,(2003/05)
Magnetic ordering and spin dynamics in potassium jarosite; A Helsenberg kagome lattice
antiferromagnet
NISHIYAMA Masahide, MAEGAWA Satoru, INAMI Toshiya, OKA YOSth
Physical Review B,67,22,224435_1-224435_11,(2003/06) .
Development of scanning-type synchrotron radiation m"ossbauer microscope using focused X-ray -
MITSUI Takaya, KOBAYASHI Yasuhiro, SETO Makoto
Japanese Journal of Applied Physics, Part 1,43,1,389-393,(2004/01)
Resonant X-ray Study on the Bi-Layered Perovskite Mn Oxide LaSr,Mn;0y,
Yusuke WAKABAYASHI, Youichi MURAKAMI, Ichiro KOYAMA, Tsuyoshi KIMURA, Y.
TOKURA, Y. MORITOMO, Y. ENDOH and Kazuma HIROTA
'J. Phys. Soc. Japan 72, (2003) 618-626. .
The appearance of the spin-Peierls phase under pressure in Cu;xMgxGeOs,
T.MASUDA, D. YANO, R. KURODA, K. UCHINOKURA, H. KUROE, T. SEKINE, Y.
KATSUKI, K. OHWADA, Y. FUJII, H. NAKAO and Y. MURAKAMI, '
Phys. Rev. B 67, 024423 (2003).
Orbital excitations in LaMnQO;s studied by resonant melastlc_x-ray scattering,
T. INAMI, T. FUKUDA, J. MIZUKI, S. ISHIHARA, H. KONDO, H. NAKAO, T.
MATSUMURA, K. HIROTA, Y. MURAKAMI, S. MAEKAWA and Y. ENDOH
Phys. Rev. B 67 (2003) 045108 1-6.
Pressure effects on an organic radical ferromagnet: 2,5-difluorophenyl- & -nitronyl nitroxide,

M. MITO, H. DEGUCHI, T. TANIMOTO, T. KAWAE, S. NAKATSUIJI, H. MORITOMO H.
ANZAI H. NAKAO, Y. MURAKAMI, K. TAKEDA
Phys. Rev: B 67 (2003) 024427-1-8.

‘Pressure Effects on an S=1 Haldane Compound Ni(CsH;4N2),N3(PFé),

Masaki MITO, Hironori AKAMA, Hiroyuki DEGUCHI, Seichi TAKAGI Tatsuya KAWAE,
Kazuyoshi TAKEDA, Tomohiko ISHII, Masahiro YAMASHITA Hironori NAKAO, Youichi
MURAKAMI and Shoji YAMAMOTO, :
J. Phys. Soc. Japan 72 (2003) 399-404.
Resonant X-ray Scattering in Perovskite Manganite Superlattice -- Observation of “Orbltal
Superlattice” —
" Takashi KIYAMA Yusuke WAKABAYASHI, Hironori NAKAO, Hiroyuki OHSUMI, Youichi
‘MURAKAMI, Makoto 1ZUMI, Masashi KAWASAKI, and Yoshinori TOKURA
J. Phys. Soc. Japan 72 (2003) 785-788
Experimental Elucidation: MlCl‘OSCOpIC Mechamsm of Resonant X-Ray Scattermg in Mangamte

_ Films,

H. OHSUMI, M KUBOTA Y. MURAKAMI, T. KIYAMA, H. NAKAO Y. WAKABAYASHI Y.
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KONISHI, M. IZUMI, M. KAWASAKI and Y. TOKURA
J. Phys. Soc. Japan 72 (2003) 1006-1009. :
11) Charge and orbital ordered states in Nd;.xSr1-xMnOy (x=0.67, 0.75),
" H.NAKAO, T. SATOH, J. SATOH, Y. MURAKAMI, M. KUBOTA, Y WAKABAYASHI, H.
SAWA, T. KIMURA, Y. TOKURA -
~ Physica' B 329-333 (2003) 809-810.
12) Pressure effect on the magnetism and structure of a spm—Pelerls substance: MEM-[TCNQ},
Kouji EJIMA, Takayuki TAJIRI, Hiroyuki DEGUCHI, Masaki MITO, Seishi TAKAGI, Kenji
OHWADA, Hironori NAKAO, Youichi MURAKAMI '
, " Physica B 329-333 (2003) 1195-1196. -
13) Critical phenomena in helical magnet B-MnO,: X-ray magnetlc scattering study
Hirohiko SATO, Yoichi KAWAMURA, Toshiyuki OGAWA, Youichi MURAKAMI, Hiroyuki
OHSUMI, Masaichiro MIZUMAKI, Naoshi IKEDA
Physica B 329-333 (2003) 757-758.
"14) Resonant X-ray scattering study on the filled skutterudlte PrFesP;;
© K.ISHII, T. INAMI, Y. MURAKAM], L. HAO, K. IWASA, M. KOHGI Y. AOKI, H.
SUGAWARA, H..SATO, S. IMADA, H. NAKAO, H. SAWA, Y. WAKABAYASHI
Physica B 329-333 (2003) 467-468. .
15) High Pressure X-Ray Diffraction Study of URu,Si; -
' K.KUWAHARA, H. SAGAYAMA, K. IWASA, M. KOHGI, S. MIYAZAK]I, J NOZAKI J
NOGAMI, M. YOKOYAMA, H. AMITSUKA H.NAKAO and Y. MURAKAMI
Acta Physica Polonica B, 34 (2003) 4307-4310.
16) Reply to “Comment on ‘X-ray resonant scattering studies of orbital and charge ordering in
Pr;xCa,MnO;5’ ”
M. V. ZIMMERMANN, S. GRENIER, C. S. NELSON, J. P. HILL, DOON GIBBS, M. BLUME,
D. CASA, B. KEIMER, Y. MURAKAMLI, C.-C.KAO, C. VENKATARAMAN, T. GOG, Y.
"TOMIOKA and Y. TOKURA
Phys. Rev. B 68, 127102: 1-2 (2003)
17) Low-temperature zigzag charge-ordering structure of alpha’-NaV,Os,
H. SAWA, Y. WAKABAYASHI, E. NINOMIYA, T OHAMA, H. NAKAO, Y. MURAKAMI K.
OHWADA, Y. FUJII, Y. NODA, M. ISOBE and Y. UEDA
Physica B, 329, 878-879 (2003).
18) Change in Mn 3d orbital state related to a metal-insulator transition in a bilayer manganite studied by
magnetic Compton profile measurement
A. KOIZUMI, T. NAGAO, Y. KAKUTANI, N. SAKA], K. HIROTA andY MURAKAMI
Phys. Rev. B 69 060401: 1-4 (2004).
19) Commensurate-Incommensurate Crossover of Charge Stripe in La,. xerN103(x—l/3)
K. ISHIZUKA, T. ARIMA, Y. MURAKAMI, R. KAJIMOTO H. YOSHIZAWA, N. NAGAOSA -
-and Y. TOKURA A
Phys. Rev. Lett. 92, 196404: 1-4 (2004).
~'20) Resonant magnetic x-ray scattering from antiferromagnetic order in GdAs,
D. OKUYAMA, T. MATSUMURA, Y. MURAKAM]I, Y. WKAKABAYASHI, H. SAWA and D. B. LI
Physica B 345, 63-65 (2004).
21) Application of a portable pulsed magnet to synchrotron radiation experiments
Y. H. MATSUDA, Y. UEDA, H. NOJIRI T. TAKAHASHI, T. INAMI, K. OHWADA, Y.
MURAKAMI and T. ARIMA
Physica B 346-347, 519-523 (2004).
22) Controlled Carrier Generation at a Polarity-Discontinued Perovskite Heterointerface
Jun NISHIMURA, Akira OHTOMO, Atsushi OHKUBO, Youichi MURAKAMI, Masashi
KAWASAKI '
Jpn.J. Appl. Phys. Vol.43 (2004) No 8A pp-L1032 - L1034

Electric material science (Electronic Material Science Group)
1. Journals

1) Nearly localized nature of f electrons in Ce[T]Ins ([T]=Rh, Ir)
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FUJIMORI Shinichi, OKANE Tetsuo, OKAMOTO Jun, MAMIYA Kazutoshi, MURAMATSU
Yasuji, FUJIMORI Atsushi, HARIMA Hisatomo, AOKI Dai, IKEDA Shugo, SHISHIDO Hiroaki,
TOKIWA Yoshifumi, HAGA Yoshinori, ONUKI Yoshichika

Physical Review B,67,14,144507_1-144507_5,(2003/04)

2) Angle-resolved soft X-ray emission and absorptnon spectroscopy of hexagonal boron nitride
MURAMATSU Yasuji, KANEYOSHI Takahiro, GULLIKSON, E. M., PERERA ,R. C. C.
Spectrochimica Acta, Part A,59,9,1951-1957,(2003/07) _

3) Take-off/incident-angle-dependence of 7n/c peak intensity ratio in soft X-ray emission and

absorption spectra of graphite and hexagonal boron nitride
" MURAMATSU Yasuji, GULLIKSON, E. M., PERERA, R. C. C.
“Advances in X-ray Chemical Analysis” (in Japanese) 34,153-163,(2003/00) _

4) Characterization of carbon films on the Japanese smoked roof tile "Ibushi-Kawara" by high-resolution

soft X-ray spectroscopy o ’
MURAMATSU Yasuji, MOTOYAMA Muneyuk1 DENLINGER, J. D., GULLIKSON, E. M.,
PERERA, R.C. C.
Japanese Journal of Applied Physxcs, Part 1,42,10,6551-6555,(2003/ 10)
5) Soft X-ray emission and absorption spectra of typical solid carbon compounds
' MURAMATSU Yasuji, GULLIKSON, E. M., PERERA, R. C. C. N
“Advances in X-ray Chemical Analysis” (in Japanese) 35,125-136,(2004/00)

2. Reports
1) Study of closed orbit distortion from high speed phase switching of variably-polarizing undulator
APPLE-2 in 2001 March-June
- NAKATANI Takeshi, TANAKA Hitoshi, TAKAO Masaru, AGUI Akane, YOSHIGOE Akltaka,
TAKEUCHI Masao, AOYAGI Hideki, OKUMA Haruo
. JAERI-Tech 2003-048,29,(2003/05)
2) Four-blade-drive style X-ray beam position monitor for soft X-ray beamline BL23SU at SPrmg-8
" AGUI Akane, AOYAGI Hideki, YOSHIGOE Akitaka, NAKATANI Takeshi
JAERI-Tech 2003- 089 23 (2003/12)

Synchrotron radiation simulation research (Simulation Group for Materials Science)

1. Journals
1) Bandgaps of Ga,.InN by all- electron GWA calculation
' USUDA Manabu, HAMADA Noriaki, SHIRAISHI Kenji, OSHIYAMA Atsush1
Physica Status Solidi (C),0,7,2733-2736,(2003/12) - '
2) Cooperative Jahn-Teller effect on the X-ray dlffractlon spectra in DszCz
NAGAO Tatsuya, IGARASHI Junich
Physica B; Condensed Matter,345,1-4,70-73,(2004/03)
3) Lattice distortion and resonant X-ray scattering in DyB,C,
- IGARASHI Junichi, NAGAO Tatsuya -
Journal of the Physical Society of Japan,72,5,1279-1286,(2003/05)
. 4) X-ray magnetic circular dichroism at the K edge of Mn;GaC
- TAKAHASHI Manabu, IGARASHI Junichi
Physical Review B,67,24,245104 1-245104_5,(2003/06)
5) Interference between thomson scattering and resonant scattermg in X-Ray dlffractlon from CeBs
NAGAO Tatsuya, [IGARASHI Junichi -
Journal of the Physical Society of Japan,72,9,2381 2384 (2003/09)
6) Ab-Initio calculation of magnetic resonant X-ray scattering spectra in NiO
USUDA Manabu, TAKAHASHI Manabu, IGARASHI Junichi
Physical Review B,69,1,014408 1-014408_7,(2004/01) .
7) Band structures of Wurtzite InN and Ga,.xInN by all-electron G calculation
USUDA Manabu, HAMADA Noriaki, SHIRAISHI Kenji, OSHIYAMA Atsushi
Japanese Journal of Applied Physics, Part 2,43,3B,L407-L410,(2004/03) .
8) Magnetic resonant x-ray scattering at the Ga K edge in UGas: A band theoretical approach,
M. USUDA, J. IGARASHI and A. KODAMA,
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Phys. Rev. B 69, 224402(1-5), 2004.
9) Higher Order Perturbation Expansion for Pairing Interaction in Repulsive Hubbard Model,
T. NOMURA and K. YAMADA,
J. Phys. Soc. Jpn. 72, 2053-2063, 2003.
10) Theory of Superconductivity in Strongly Correlated Electron Systems,
Y. YANASE, T. JUJO, T. NOMURA, H. IKEDA, T. HOTTA AND K. YAMADA
Phys. Reports 387, 1-149, 2003.
11) Possibility of f~-Wave Spin-Triplet Superconductivity in the CoO, Superconductor: A Case Study ona
2D Triangular Lattice in the Repulsive Hubbard Model,
H. IKEDA, Y. NISIKAWA and K. YAMADA
J. Phys. Soc. Jpn. 73, 17-20, 2004.

2. Proceedings
1) Resonant X-ray scattering in KCuF3;
TAKAHASHI Manabu, IGARASHI Junichi
Physica B; Condensed Matter,329-333,Part2,870-871,(2003/05)
2) Mechanism of resonant X-ray scattering in DyB,C;
NAGAO Tatsuya, IGARASHI Junichi
Physica B; Condensed Matter,329-333,Part2,628-630,(2003/05)
3) Magnetic resonant X-ray scattering in RbMnF;: an ab initio study
Manabu USUDA, Manabu TAKAHASHI and Jun-ichi IGARASHI
Physica B, 345, 30-33, 2004. '
4) Ab initio study of magnetic nonresonant and resonant X-ray scattering in KCuF3,
Manabu TAKAHASHI, Manabu USUDA and Jun-ichi IGARASHI
Physica B, 345, 26-29, 2004.
5) Cooperative Jahn-Teller effect on the X-ray diffraction spectra in DyB,C,
‘ T. NAGAO and Jun-ichi IGARASHI
Physica B, 345, 70-73, 2004.
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Appendix A Activities of the Research Committee

1. The research committee was organized in FY1996 to promote activities on advanced photon and
synchrotron radiation research in Kansai Research Establishment, JAERI. There were three technical
subcommittees for Laser System, Laser Utilization and Synchrotron Radiation Utilization, under the
committee until FY2001. In FY2002 the technical subcommittees are re-organized to the two
subcommittees.

1.1 Committee for Advanced Photon and Synchrotron Radiation Research

First meeting March 21 1997 Tokyo

Second meeting February 3 1998 Tokyo

Third meeting March 9 1999 Tokyo

Fourth meeting February 10 2000 Tokyo

Fifth meeting March 2 2001 Kashiwa

Sixth meeting March 11 2002 Kizu

Seventh meeting February 18 2003 Kizu (Joint meeting*1)

Eighth meeting Pecember 19 2003 Kizu
Technical Subcommittee for Laser System

First meeting December 8 1997 Tokyo

Second meeting July 30 1998 Tokyo

Third meeting December 13 1999 Tokyo

Fourth meeting February 1 2001 Tokyo

Fifth meeting February 12 2002 Kashiwa (Joint meeting*2)
Technical Subcommittee for Laser Utilization

First meeting December 10 1997 Tokyo

Second meeting December 3 1998 Tokyo

Third meeting December 24 1999 Tokyo

Fourth meeting February 15 2001 Kizu

Fifth meeting February 12 2002 Kashiwa (Joint meeting*2)

! Re-organized
1.2 Technical Subcommittee for Advanced Photon Research

First meeting February 18 2003 Kizu (Joint meeting*1)
Technical Subcommittee for Synchrotron Radiation Utilization

First meeting December 9 1997 Tokyo
Second meeting November 27 1998 Harima (SPring-8)
Third meeting February 8 2000 Harima (SPring-8)
Fourth meeting February 28 2001 Harima (SPring-8)
Fifth meeting February 25 2002 Harima (SPring-8)
| Re-organized

1.3 Technical Subcommittee for Synchrotron Radiation Research
First meeting February 18 2003 Kizu (Joint meeting*1)

2. The local organizing committee for the 25th International Free Electron Laser Conference was
organized in FY2002 to prepare and organize the International Conference. There is a technical
subcommittees for the Conference Program under the committee.

2.1 Local Organizing Committee for the 25th International Free Electron Laser Conference

First meeting October 11 2002 Kashiwa
Second meeting August 7 2003 Tokyo
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2.2 Technical Subcommittee for the Program of the 25th International Free Electron Laser

Conference

3. The technical subcommittee for photon science under the committee for evaluation of JAERI research
was organized in FY2001. ;

Technical Subcommittee for Photon Science under the Committee for Evaluation of JAERI

Research ‘
First meeting June 21 2001 Kizu
Second meeting November 26 2002 Kizu

4. Two technical subcommittees for advanced photon and synchrotron radiation under the committee for
JAERI’s Facility Use were organized in FY2000.

4.1 - Technical Subcommittee for Advanced Photon under the Committee for JAERI’s Facility Use

First meeting December 19 2000 Kizu
Second meeting January 18 2002 Kizu
Third meeting January 20 2003 Kizu
Forth meeting January 16 2004 Kizu

4.2 Technical Subcommittee for Synchrotron Radiation under the Committee for JAERI’s Facility

Use

First meeting January 22 2001 Harima (SPring-8)
Second meeting January 21 2002 Harima (SPring-8)
Third meeting January 24 2003 Harima (SPring-8)
Forth meeting January 21 2004 Harima (SPring-8)

— 139 —



JAERI-Review 2004-030

Member of Committee

Committee for Advanced Photon and Synchrotron Radiation Research (FY2003)

Chair Susumu NAMBA Professor, Technical Research Center, Nagasaki Institute of Applied Science
Vice-Chair Seishi KIKUTA Executive Director, Deputy Director General,
Synchrotron Radiation Research Laboratory,
Japan Synchrotron Radiation Research Institute
Yoshiyuki AMEMIYA Professor, Graduate School of Frontier Science, University of Tokyo

Toshiyuki  1IDA Professor, Graduate Schoo! of Engineering, Osaka University

Yasukazu  1ZAWA Director, Institute of Laser Engineering, Osaka University

Kenichi IMAI Professor, Graduate School of Science, Kyoto University

Kenichi UEDA. Director, Institute for Laser Science, University of Electro-communications

Tokuhiko ~ OKAMOTO  Professor, Research Organization of Science and Engineering,
Ritsumeikan University

Hiroshi KAWATA Professor, Institute of Materials Science,
High Energy Accelerator Research Organization
Shinichi KUROKAWA  Deputy Director, Accelerator Laboratory,
High Energy Accelerator Research Organization
Hiroyuki SAKAKI Professor, Institute of Industrial Science, University of Tokyo
Noriko SHIOMI Professor, Research Center for Advanced Science and Technology,
Nara Institute of Science and Technology
Akira NODA Professor, Institute for Chemical Research, Kyoto University

Tatsuhiko ~ YAMANAKA  Director, Institute of Laser Engineering, Osaka University
Katsumi MIDORIKAWA Principal Scientist, Laser Technolbgy Laboratory,

. Institute of Physical and Chemical Research
Hirotake MORIYAMA  Professor, Graduate School of Engineering, Kyoto University

Tamio YOSHIDA Director, Shimadu Corporation
Toshiki TAIIMA Director General, Kansai Research Establishment, JAERI
Sohei OKADA Director, Office of Planning, JAERI

Secretary’ Toyoaki KIMURA Director, Advanced Photon Research Center, JAERI
Osamu SHIMOMURA Director, Synchrotron Radiation Research Center, JAERI
Haruyuki KIMURA Senior Staff, Office of Planning, JAERI
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Local Organizing Committee for the 25th International Free Electron Laser Conference (FY2003)

Chair Koichi SHIMODA Professor Emeritus, University of Tokyo

Vice-Chair Tetsuo YAMAZAKI  Professor, Institute of Advanced Energy, Kyoto University

Vice-Chair Takio TOMIMASU  Team Leader, Saga Prefectural Regional Industry Support Center
Haruo KURODA Professor, Research Institute for Science and Technology,

Science University of Tokyo

Hiroyuki HAMA Professor, Graduate School of Science, Tohoku University
Kazuo IMASAKI Principal Scientist, Laser Process Group, Institute for Laser Technology
Kawakatsu YAMADA Prime Scientist, Photonics Research Institute,
National Institute of Advanced Industrial Science and Technology

Kunio AWAZU Professor, Graduate School of Engineering, Osaka University
Yusuke TOMITA Director, Kansai Research Institute, JAERI
Toyoaki KIMURA Director, Advanced Photon Research Center, JAERI
Taikan HARAMI Principal Scientist, Synchrotron Radiation Research Center, JAERI
Haruyuki ~ KIMURA Senior Staff, Office of Planning, JAERI

Secretary Eisuke MINEHARA  Principal Scientist, Advanced Photon Research Center, JAERI
Ryoichi HAJIMA Principal Scientist, Advanced Photon Research Center, JAERI
Masaru SAWAMURA  Senior Scientist, Advanced Photon Research Center, JAERI
Ryoji NAGAI Senior Scientist, Advanced Photon Research Center, JAERI
Shigeru MORI Administrative Manager, Advanced Photon Research Center, JAERI
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Technical Subcommittee for the Program of the 25th International Free Electron Laser Conference

(FY2003)

Chief Tetsuo

Committee Kawakatsu
Kunio

Subcommittee Kuniyoshi
Akira

Ken

Hideo
Tsumoru
Isamu
Masayuki
Natsuro
Makoto
Goro

Ryuko
Shuji
Yoshiaki
Masahito

Hideaki
Kai

Hirobumi
Takahide
Shigeru

Shigenori

Ken
Shuichi

Norihiro

Hironari

Hiroshi

YAMAZAKI
YAMADA

AWAZU

YOKOO
TWATA

TAKAYAMA

KITAMURA
SHINTAKE
SATO
KAWAI
TSUBOUCHI
ASAKAWA
ISOYAMA
KATO

MIYAMOTO

TSUNAWAKI
HOSAKA

OGAKI
MASUDA
SAITO

MIZUNO

YAMAMOTO

HIRAMATSU

HAYAKAWA
OKUDA

SEI

YAMADA
HORIIKE

Professor, Institute of Advanced Energy, Kjfoté University

Prime Scientist, Photonics Research Institute,

National Institute of Advanced Industrial Science and Technology
Professor, Graduate School of Engineering, Osaka University

Professor, Research Institute of Electrical Communication, Tohoku University
Professor, Research Institute for Science and Technology,

Science University of Tokyo

Professor, Accelerator Laboratory,

High Energy Accelerator Research Organization

Principal Scientist, Harima Institute, Institute of Physical and Chemical Research
Principal Scientist, Harima Institute, Institute of Physical and Chemical Research
Professor, Institute of Quantum Science, Nihon University

Special Advisor, Kawasaki Heavy Industries, Ltd.

Professor, Graduaté School of Engineering, Osaka University

Assistant Professor, Graduate School of Engineering, Osaka University
Professor, Institute of Scientific and Industrial Research, Osaka University
Assistant Professor, Institute of Scientific and Industrial Research,

Osaka University

Assistant Professor,

Laboratory of Advanced Science and Technology for Industry,

Himeji Institute of Technology

Professor, Faculty of engineering, Osaka Sangyo University

Assistant Researcher, Institute for Molecular Science,

Okazaki National Research Institute

Assistant Professor, Institute of Advanced Energy, Kyoto University
Assistant Researcher, Institute of Advanced Energy, Kyoto University
Professor, Research Division for Spacecraft Engineering,

Institute of Space and Astronautical Science

Assistant Professor, Center for Advanced Spacecraft Technology,

Institute of Space and Astronautical Science

Professor, Institute of Material Structure Science,

High Energy Accelerator Research Organization

Professor, Accelerator Laboratory,

High Energy Accelerator Research Organization

Assistant Professor, Institute of Quantum Science, Nihon University
Professor, Research Institute for Advanced Science and Technology,
Osaka Prefecture University

Principal Scientist, Collaboration Department,

National Institute of Advanced Industrial Science and Technology
Professor, Faculty of Science and Engineering, Ritsumeikan University

Professor, Graduate School of Engineering, Osaka University
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Technical Subcommittee for Advanced Photon under the Committee for JAERI’s Faclhty Use

(FY2003)
Chief Kunio .

Vice-chief Takashi
Subcommittee Yoshihiko

Hiroo
Yutaka

Katsunobﬁ
Akira
Atsushi

" Shigeru
Toyoaki
Akira
Mitsuru
Masato

'SHINOHARA

FUJIMOTO
KANAMITSU

KINOSHITA
TSUCHIYA

NISHIHARA
NODA

YOKOYAMA
TANAKA
KIMURA -

'NAGASHIMA

YAMAGIWA
KOIKE

Visiting Professor, Tokyo Metropolitan Organization for Medical Research,
The Tokyo Metropolitan Institute of Medical Science

Professor, Graduate School of Engineering, Kyoto University

Professor, Graduate School of Materials Science,

Nara Institute of Science and Technology (until December)

Professor, Institute for Chemical Research, Kyoto University (from January)
Professor, Laboratory of Advanced. Science and Technology for Industry,
Hime;ji Institute of Technology

Deputy Director General, Central Research Laboratory,
Hamamatsu Photonics K.K.

Professor, Institute of Laser Engineering, Osaka University
Professor, Institute for Chemical Research, Kyoto Univcfsity
Directér, Department of Materials Science, JAERI

Deputy Director, Department of Material Development, JAERI

- Director, Advanced-Photon Research Center, JAERI ‘

Deputy Director, Advanced Photon Research Cenier, JAERI
Principal Scientist, Advanced Photon Research Center, JAERI
Principal Scientist, Advanced Photon Research Center, JAE_RI

Technical Subcommittee for Synchrotron Radlatlon under the Commlttee for JAERD’s Facility Use

(FY2003)
Chief N Yoshichika

Vice-chief  Haruki
Subcommittee Hiroshi

Makoto

Ken’ichiro
Kazuhisa
Hirofumi
Osamu
Jur’ichiro

OHNUKI

KAWAMURA
SAWA

N

SAKATA

TANAKA’

'KAKURAI

NAMATAME
SHIMOMURA
MIZUKI

Professor, Graduate School of Science, Osaka University
Invited Researcher, Advanced Science Research Center, JAERI
Professor, Faculfy of Science, Himeji Institute of Technology
Assistant Professor, Institute of Materials Structure Science,
High Energy Accelerator Research Orgamzauon

Professor, Graduate School of Engmeermg, Nagoya Umver51ty

" Invited Researcher, Synchrotron Radiation Research Center, JAERI

Professor, Graduate School of Science, Hiroshima Universiiy

Group Leader, Advanced Science Research Center, JAERI

Professor, Hiroshima Synéhrotron Radiation Center, Hiroshima University
Director, Synchrotrbn Radiation Research Center, JAERI ‘

. Deputy Director, Synchrotron Radiation Research Center, JAERI
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Appendix B Organization of Kansai Research Es‘tabl_ishment

(April 1, 2003~March 31, 2004)

— Advanced Photon Research Center |

H Laser System Development Group |

- X-ray Laser Research Group |

-| Novel Optics Research Group l '

" | Laser Acceleration Research Group |

~ Simulation Group for Advanced Photon Science | -

 Free Electron Laser Research Group |
| Applied Photon Research Group |

— Synchrotron Radiation Research Center |

—{ Synchrotron Radiation Administration Division|

-[ Experimental Facilities Development Group |

H High Pressure Science Group |

H Structural Physics Research-Group |

H Surface Chemistry Research Group |

. Heavy Atom Science Group |

-| Electronic Material Science Group I

— Simulation Group for Materials Science |

_ G. M.: General Manager
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~ Administrative Services Division | (G.M.: T.SATO)
[ Accounts Division | , (G. M.: HL.TANAKA)

| Kansai. Research Establishment | * (Director General: T.TAJIMA)

‘[Department of Administrative Services | (Director: Y. TOMITA(until September)
' T.KANAZAWA(from October))

) —[ Utilities and Maintenance Division ] (G. M.: T.KONNO(until Septémber)
' T.KANAZAWA(from October))
— Safety Division | (G:M.: LMANABE)

(Director: T.KIMURA')

(G.L.:
(G.L.:
(G L.

- (G L.

(G. L.

’(G; L.:
(G L.

— Division of Advanced Photon Research Promotion | (G. M.: ANAGASHIMA)

A.NAGASHIMA)
K.NAGASHIMA)
M.KOIKE)
K.NAKAJIMA)
M.YAMAGIWA)
E.MINEHARA)
H.DAIDO)

(Director: 0.SHIMOMURA)

(G-M.

(G. L.
(G.L.:
(G L.
(G L.:

(G. L.

(G. L.
(G L.:

G L.

(until March)

: HYOSHIDA)

(until March)
T.HARAMI)
K.AOKI)
J.MIZUKI)
Y.BABA)
Y.MURAKAMD)
Y.MURAMATSU)
JIGARASHI)

(until March)
Group Leader
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(April 1, 2003~March 31, 2004)

Personnel at Advanced Photon Research Center

Toyoaki KIMURA Rika SUMITANI
Akira NAGASHIMA Masako SHIGENARI
Norio OGIWARA (until September) Yoko GENBA (from November)
Osamu YAMASHITA Miwa ARAI(from December)
Shigeru MORI Yasuo HOTTA(from June)
Masaaki AKUTSU
Division of Advanced Photon Kouta SUKEGAWA Shuji KONDO
Research Promotion Renzhong TAI Masaki KANDO
Akira NAGASHIMA Masaharu NISHIKINO Takayuki HONMA
Masataka KADO Kazumichi NAMIKAWA Shinichi MASUDA
Sayaka HARAYAMA (from October) Igor V. SNETANIN

Shuichi FUJITA (until May)
Ichiro YAMASAKI(from June)
Jun NAKAJIMA (until August)
Midori NAKAO
(from September)
Naoyuki SINOHARA
(until December)

- Masamitsu OIKAWA
(from January until February)
Toshihiro OSAKI(from March)

Laser System Development
Group
Koichi YAMAKAWA
Akihiko NISHIMURA
Junji KAWANAKA
Hiromitsu KIRTYAMA
Yutaka AKAHANE
Makoto AOYAMA
Keiichi YOKOYAMA
Fumiaki MATSUOKA
Norihiro INOUE
Yoshiki NAKAI
Tadashi TAMADA
Yuji FUKUDA
Kazuhiko SUMIMURA
Yukio TOYA
Hidetaka YAMADA
Akihiro SUGITA
Hideki UEDA
Koichi TSUJI
Yoichi YAMAMOTO

X-ray Laser Research Group
Keisuke NAGASHIMA
Maki KISHIMOTO
Yoji SUZUKI
Tetsuya KAWACHI
Noboru HASEGAWA
Momoko TANAKA
Yoshihiro OCHI

Novel Optics Research
Group
Masato KOIKE
Yuichi SHIMIZU
Osamu YODA
Akira SUGIYAMA
Masahiko ISHINO
Yasunaga NARA
Takashi IMAZONO
Kazuo SANO

Applied Photon Research
Group
Hiroyuki DAIDO
Yuzuru KUROSAKI
Koichi OGURA
Hiroshi MURAKAMI
Akito SAGISAKA
Satoshi ORIMO
Yukio HAYASHI
Mamiko NISHIUCHI
Michiaki MORI
Etsuya YANASE(until May)
Hisanao HAZAMA
(from June)
Yoshiaki TERANISHI
Shu NAKAMURA
Kenichi TAKAGAKI
Koji MATSUKADO
Atsushi FUKUMI
Zhong LI
Alexander PIROZHKOV
(from November)

Laser Acceleration

Research Group

Kazuhisa NAKAJIMA
Yuichi SHIMIZU
Shuhei KANAZAWA
Hideyuki KOTAKI

— 145 —

(until September)

Atsushi YAMAZAKI

(from October)

Izuru DAITO(from January)

Simulation Group for
Advanced Photon Science

Mitsuru YAMAGIWA

Akira SASAKI

James KOGA

Kengo MORIBAYASHI
Yutaka UESHIMA

Takayuki UTSUMI

Takao KONDO(until September)
Nayu TSUJ(until September)
Kanji SAITO(from November)
Timur ESIRKEPOV

Sergei V. BULANOV

(from October)

Free Electron Laser Research
Group

Eisuke MINEHARA
Toshihiko YAMAUCHI
Ryoichi HAIIMA
Masaru SAWAMURA
Ryoji NAGAI

Takehito HAYAKAWA
Nobuhiro KIKUZAWA
Nobuyuki NISHIMORI
Toshiyuki SHIZUMA
Kiyomi ENDOH
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(April 1,2003~March 31, 2004)

Personnel at Synchrotron Radiation Research Center
-Osamu SHIMOMURA (until March)
Jun’ichiro MIZUKI
Noboru TSUCHIDA
[sao TAKARIKO(until September)
Teikichi SASAKI(until March)

Hiroko NISHIZAKI
Sae TAMURA
Experimental Facilities Development Group Surface Chemistry Research Group
Taikan HARAMI Yuji BABA
Hiroyuki KONISHI Akinari YOKOYA (until March)
Yoshihiro ASANO Yuden TERAOKA
Hideaki SHIWAKU Tetsuhiro SEKIGUCHI
Kazukiyo TOZAWA (until March) Akitaka YOSHIGOE
Takahisa SHOBU . Iwao SHIMOYAMA
Koji KIRIYAMA Kentaro FUJII(until March)
Masayoshi TAKEYAMA(from July) Krishna G. NATH
Kosuke MORITANI

High Pressure Science Group

Katsutoshi AOKI

Nozomu HAMAYA

Makoto SAKATA (until March)
Wataru UTSUMI

Yoshinori KATAYAMA

Tetsu WATANUKI

Akihiko MACHIDA

Hiroshi KANEKO
. Yasuhiro INAMURA (until March)
Tomohiro IKEDA (until March)
Hiroyuki SAITOH(from April)

Structural Physics Research Group
Jun’ichiro MIZUKI
Yasuo NISHIHATA
Kentaro SUZUYA(until September)
Norimasa MATSUMOTO(until March)
Kenji YOSHII
Masamitsu TAKAHASHI
Yasuhiro YONEDA
Tatsuo FUKUDA
Kazuhisa TAMURA
Yuka OKAJIMA
Takahiro SHINOHARA (from April)

Simulation Group for Materials and Science
Jun’ichi IGARASHI(until March)
Takuji NOMURA(from April)-
Manabu USUDA
Yunori NISHIKAWA (from April)

Shunsuke HACHIUE(from April)
Masahito TANAKA(from April- until March)
Uddin Md. NIZAM(from April)

Heavy Atom Science Group
Youichi MURAKAMI
Makoto SETO
Toshiya INAMI
Takaya MITSUI
Kenji ISHII
Kenji OHWADA
Kaori KUZUSHITA

Electronic Material Science Group
Yasuji MURAMATSU
Atsushi FUJIMORI
Tetsuo OKANE
Yuji SAITOH
Akane AGUI
Takeshi NAKATANI(until March)
Shin’ichi FUJIMORI
Jun OKAMOTO(until March)
Kazutoshi MAMIYA(until August)
Kota TERAI(from April)
Yukiharu TAKEDA(from October)
Kentoro KURAMOTO(until March)
Ayuko FUJIMOTO(from April- until March)

Synchrotron Radiation Administration Division
Hiroshi YOSHIDA (until March)
Yukio SHINPO(until March)
Masahiko MATSUMOTO
Toshinori SUZUK I(until March)
Sachiko MITSUDERA
Junko MARUO(until September)
Kyoko NISHIMURA (from October)
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(April 1, 2003~March 31, 2004)

Personnel at Kansai Research Establishment
Toshiki TAJIMA
Takashi ARISAWA
Hitoshi IHARA

Personnel at Department of Administrative Services
Yusuke TOMITA(until September)
Tetsuo Kanazawa(from October)
Hiroshi YOSHIDA

Administrative Services Division
Takashi SATO
Hiroshi YOSHIDA
Mamoru SUZUKI
Daisuke USHIJIMA
Tatsuki SUKEGAWA
Yuji HASHIMOTO
Yuko HASEGAWA
Michiyo HASHIMOTO
Sumika HATAYAMA

Accounts Division
Hiroshi TANAKA
Shintaro EJIRI
Yuichi SUNAQOSHI
Yoji MIYAMOTO
Hitoshi YAMAGUCHI
Nobuyuki UENO
Keiichi TSUKAMOTO
Kazumi TAKEDA
Reiko IYORI

Utilities and Maintenance Division
Toshio KONNO(until September)
Toshihiko SENZAKI
RyuichiOI
Yuki MIYOSHI
Akio SUGANUMA((from October)
Tetsuya YAMAMOTO
Kotomi WAKI

Safety Division
Iwao MANABE
Masayuki UENO
Yaichi FUKUSHIMA
Akira MIHARA
Koichi IKENO(from October)
Isao TAKARIKO(until September)
Sadahisa RINSAKA (from November)
Izumi TAMURA
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Appendix D Symposia

FY1997
(1) The first JAERI-Kansai International Workshop on Ultrashort-pulse Ultrahigh-power Lasers
and Simulation for Laser-plasma Interactions (held as “Joint ICFA/JAERI-Kansai International
Workshop ‘97", organized by International Committee for Future Accelerators, hosted by Japan Atomic
Energy Research Institute and High Energy Accelerator Research Organization)
July 14-18, 1997, Kyoto, Japan
JAERI-Conf 98-004, ‘Proceedings of The first JAERI-Kansai International Workshop on
Ultrashort-pulse Ultrahigh-power Lasers and Simulation for Laser-plasma Interactlons July 14-18, 1997,
Kyoto Research Park, Kyoto, Japan”, March 1998.

(2) The 6th International Conference on Synchrotron Radiation Instrumentation (cosponsored by
Japan Atomic Energy Research Institute, Japanese Society for Synchrotron Radiation Research, RIKEN
and Japan Synchrotron Radiation Research Institute)

August 4-8, 1997, Himeji, Japan
J. Synchrotron Radiation, 5 part 3, “SRI’97 Proceedings”, May 1998.

FY1998
(3) 6th International Conference on X-Ray Lasers (cosponsored by Japan Atomic Energy Research
Institute and Osaka University)
August 31-September 4, 1998, Kyoto, Japan
Institute of Physics Conference Series Number 159, “Proceedings of the 6th International Conference
on X-Ray Lasers held in Kyoto, Japan, August 31-September 4, 1998~

-(4) The Second International Conference on Synchrotron Radiation in Materials Science
(cosponsored by Japan Atomic Energy Research Institute, RIKEN and Japan Synchrotron Radiation
Research Institute)

October 31-November 3, 1998, Kobe, Japan
Jpn. J. Appl. Phys. Suppl., 38-1, “Proceedings of the SRMS-2”, June 1999.

FY1999
(5) The First Symposium on Advanced Photon Research
November 8-9, 1999, Kyoto, Japan
JAERI-Conf 2000-006, “Proceedings of The First Symposium on Advanced Photon Research,
November 8-9, 1999, Keihanna Plaza/Advanced Photon Research Center, Kyoto, Japan”, March 2000.

(6) Workshop on Surface and Interface Us{ng Synchrotron Radiation
March 16-17, 2000, SPring-8, Japan

FY2000
(7) The Second Symposium on Advanced Photon Research
November 9-10, 2000, Kyoto, Japan
JAERI-Conf 2001-011, “Proceedings of The Second Symposium on Advanced Photon Research,
November 9-10, 2000, Advanced Photon Research Center, Kyoto, Japan”, July 2001.

' (8) 2nd UK-Japan International Seminar of Application Radiation to Studies of Nano-structured
Materials
(cosponsored by institute of Molecular Science, Japan Atomic Energy research Institute, RIKEN and
JASRI)

July 9-10, 2000, SPring-8, Japan

(9) International Workshop on “Crystallography at High Pressure and High Temperature using
X-ray and Neutrons”
(cosponsored by Synchrotron Radiation Research Center of JAERI, JASRI and International Union of
Crystallography Commission on High Pressure)
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September 30-October 3, 2000, SPring-8, Japan

FY2001
(10) OECD Global Science Forum “Workshop on Compact High-Intensity Short-Pulse Lasers:
Future Directions and Applications”
(cosponsored by OECD Global Science Forum and JAERI)
May 28-30, 2001, Kansai Research Establishment, Kyoto, Japan
OECD Global Science Forum, “Final Report from the Workshop”

(11) The Third Symposium on Advanced Photon Research
December 13-14, 2001, Kyoto, Japan
JAERI-Conf 2002-008, “Proceedings of The Third Symposium on Advanced Photon Research,
December 13-14, 2001, Advanced Photon Research Center, Kyoto, Japan”, July 2002.

(12) Korean-Japanese International workshop on Strongly Correlated Electron Systems
September 3-4, 2001, SPring-8, Japan

FY2002
(13) International Workshop on Photoionization (IWP2002)
(hosted by Japan Synchrotron Radiation Research Institute (JASRI), RIKEN (The Institute of Physical
and Chemical Research), Japan Atomic Energy Research Institute (JAERI), Hyogo Prefecture)
August 22-26, 2002, SPring-8, Hyogo, Japan

(14) JAERI Symposium on Control of Lasers for Strong Field Phenomena
September 12-13, 2002, Kyoto, Japan

(15) The 5th SRRTNet Workshop “Interface between theory, computation and experiments”
(Organized by Japan Atomic Energy Research Institute (JAERI), Research Institute of Chemical
Sciences (RIKEN), High Energy Physics Research Organization (KEK-PF) and Japan Synchrotron
Radiation Research Institute (JASRI))

October 15-16, 2002, SPring-8, Japan

(16) The Fourth Symposium on Advanced Photon Research
November 28-29, 2002, Kyoto, Japan
JAERI-Conf 2003-008, “Proceedings of The Fourth Symposium on Advanced Photon Research,
November 28-29, 2002, Advanced Photon Research Center, Kyoto, Japan”, July 2003.

FY2003
a7 25th International Free Electron Laser Conference & 10th FEL Users Workshop (FEL2003)
Septemberr 8-12, 2003, Tsukuba, Japan
Proceedings of the 25th Free Electron Laser Conference, August 2004

(18) The Fifth Symposium on Advanced Photon Research
November 20-21, 2003, Kyoto, Japan
JAERI-Conf 2004-009, “Proceedings of The Fifth Symposium on Advanced Photon Research,
November 20-21, 2003, Advanced Photon Research Center, Kyoto, Japan”, June 2004.

(19) JAERI International Workshop on “X-Ray Scattering and Electronic Structure”
(Supported by Japan Atomic Energy Research Institute (JAERI), Japan Synchrotron Radiation Research
Institute (JASRI))
December 11, 12, 2003, SPring-8, Japan

(20) International Kickoff Workshop; Relativistic Engineering and Extreme Field Science
Januray 6-7, 2004, Kyoto, Japan

(21) Domestic Workshop “Development and View of Physical-properties Science using Synchrotron

— 149 —



JAERI-Review 2004-030

Radiation”
(Supported by Japan Atomic Energy Research Institute (JAERI))
March 18-19, 2004, SPring-8, Japan
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