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This laboratory has two missions to develop the cutting
edge spectroscopy in soft X-ray region and to study the
solid state physics using soft x-ray spectroscopy. We study
the following subjects:

1. Construction of a soft x-ray beamline for
spectroscopic studies

In order to advance the soft x-ray spectroscopy in the
research area of solid state physics, we have been carry-
ing out commissioning of BL17SU at SPring-8. We could
achieve an optimal performance of the high-resolution soft
x-ray monochromator (E/AE~10,000) as well as a newly
installed refocusing mirrors (ultimate beam spot as small
as 40 qu). Now the branch-A beamline is partially ready
for user experiment since early 2004. Design of the branch-
B has been accomplished by summer of 2004, and the con-
struction is going to start early 2005. Furthermore, the
commissioning of the insertion device of BL17SU is also in
progress to achieve its multi-polarization capability.

2. Development of high resolution soft x-ray
emission spectrometer

Soft X-ray emission spectroscopy is a technique appli-
cable to various systems like solid, gas, surface adsorbate,
liquid, and solution. However, the energy resolution of
a soft X-ray emission spectrometer is insufficient for the
study of the electronic structure of these systems. Thus,
we have developed a new emission spectrometer (HEPA?2)
that has much higher energy resolution and detection effi-
ciency than our conventional one (HEPA1), by improving
optics and detection technology. We have estimated the
energy resolution of the spectrometer around 5,000 [E/AE]
for the size of the light source 2.5 ym by ray-trace sim-
ulation. The spectrometer will be installed in a system
where we study the electronic structure of samples under
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atmospheric pressure. Using this system, we can study the
electronic states that are related to hydrogen bonding of
liquid, the electronic states of ions and proteins in water.
Feasibility test was done at BL17SU, in SPring-8. We have
achieved the energy resolution around 2,000 [E/AE] for the
size of the light source 5 ym using this spectrometer.

3. Soft x-ray spectroscopy on adsorbed mole-
cules and functional materials

We have installed an UHV apparatus at a soft x-
ray beamline BL27SU in SPring-8 for studying electronic
structure of surface/interface and new functional materi-
als. The apparatus enables us to investigate both occupied
and unoccupied electronic structures by use of soft x-ray
spectroscopy such as absorption, photoemission, and soft
x-ray emission. Using originally developed high efficiency
soft x-ray spectrometer (HEPA1), we can investigate dilute
system such as surface adsorbates, atomic layer interface.
This year, we have studied valence electronic structure
of Si02/Si(100) in collaboration with Prof. Yoshinobu’s
group (ISSP, Univ. Tokyo). Soft X-ray emission spectra
at O K-edge enabled us to selectively probe valence band
structure of Si'* and Si®** chemical species at the inter-
face. The electronic structures of these two interface com-
ponents are different from that of bulk SiO2. Furthermore,
the band gap variation in depth direction depends on the
chemical state. We are preparing to transfer the appara-
tus to RIKEN Soft X-ray Beamline BL17SU, and to start
the study on chemical bonding between functional organic
molecules and metal electrodes.

4. Element-specific soft-x-ray emission study on
the electronic structure of biological samples in so-
lutions

We have developed a system for soft X-ray spectroscopy
of water, solutions and biomaterials. Water is one of the
most interesting and difficult liquids to study. We have
constructed our own system in which water flows continu-
ously from an ultrapure water supply without any contact
with the air using a Teflon tube. The purity of the water is
constantly monitored by an electrical ohmmeter. We have
succeeded in measurements of the soft X-ray absorption
and Ols resonant emission of water, and obtained spectra
that depend on the purity of the water. In case of bioma-
terials, we should not put them in a vacuum to investigate
their electronic structure since they control their functions
in solutions. Moreover, they are severely damaged by soft
X-ray irradiation. To overcome these problems we have
applied a new rapid sample cooling system that combines
sample scanning and effective use of small amount of bio-
materials.

5. Development of the time-resolved and high-
resolution photoemission spectroscopy systems
with lasers

Recently, Lasers has been applied as new spectroscopic
methods with a progress of high power laser systems. In
this study we are planning time-resolved spectroscopic sys-
tems by a pump-probe method.

6. High resolution photoemission spectroscopy
in BL17SU

In order to study the electronic states of materials the
photoemission spectroscopy equipment has been developed
at the RIKEN soft X-rays beam line. The main target is
the correlated materials such as the 3d transition metal
compounds, 4f electron systems, and high Tc supercon-
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ductor. This experimental station equipped with the high
resolution photoelectron analyzer. In addition, polariza-
tion dependence of photoemission spectra can be mea-
sured using linearly (vertical and horizontal) and circu-
larly polarized soft X-rays and small spot size (few um at
a sample) of the incident soft X-rays enable to study small
size samples, which are characteristics of this end station.
Photoemission apparatus is connected to laser molecular
beam epitaxy (laser MBE) equipment in ultra high vac-
uum, enabling in situ observation of the electronic states
of transition-metal oxide or nitride thin films fabricated in
laser MBE equipment.

7. Development of hard x-ray photoemission
spectroscopy

In order to investigate intrinsic bulk electronic struc-
ture of various materials, we have realized Hard X-ray Pho-
toemission Spectroscopy (HX-PES) using high brilliant
synchrotron radiation at SPring-8 in collaboration with
Coherent X-ray Optics Laboratory, JASRI and HiSOR.
High energy (6keV) excitation results in larger probing
depth of photoelectrons compared to conventional PES,
and enables a study of intrinsic electronic property of ma-
terials free from their surface condition. Present appara-
tus achieves the amazing total energy resolution of 75 meV
(E/AE = 79,000) and high detection efficiency at 6keV.
Using HX-PES, various materials, such as nano scale thin
films and particles so far inaccessible due to the lack of
proper surface, were investigated. In core level spectra
of high-Tc cuprates and thin films of strongly correlated
materials, we found new features those have never been
observed by conventional PES. The origin is successfully
interpreted and is possibly related to the magnetic and/or
electron conductivity. We are also developing a new system
in collaboration with Coherent X-ray Optics Laboratory to
improve energy resolution down to 50 meV and to realize
angle resolved measurement for valence band mapping.

8. Research and development of the x-ray
emission photoelectron Coincidence Spectroscopy
(XEPECS)

In order to realize the x-ray emission photoelectron co-
incidence spectroscopy (XEPECS), we have been develop-
ing an end-station consisting of the time-resolved soft x-
ray emission spectrometer and the electron time-of-flight
spectrometer. Feasibility experiments were performed at
the Photon Factory (KEK). The multi-parameter data ac-
quisition system suited for the coincidence spectrometry
was also updated.

9. A study of photoabsorption processes on mul-
tiply charged ions

The end-station for the photoabsorption spectroscopy
of multiply charged ions was operated in the PHOton
Beam Ion Source (PHOBIS) mode at BL17SU for probing
the highly-correlated multiply-excited states of Ne atom.
Multiply charged Ne ions produced following the inner-
shell photoexcitation were measured as a function of inci-
dent photon energy. The obtained photoion yield spectrum
was analyzed in terms of the multi-configuration Dirac-
Fock method. We could measure and give assignments to
the observed [1s2s]nsn’p doubly excited states of Ne atom,
where square brackets indicate hole states, for the first
time.
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