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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 by using soft x-ray spectroscopy. We
study the following subjects:

1. Commissioning of soft x-ray undulator beamline
BL17SU is successfully achieved at SPring-8. We could
achieve performance of the high-resolution soft x-ray
monochromator as we have expected. A resolving power
E/AE over 10,000 has been obtained. A branch-A beam-
line is ready for user experiment since January 2004. De-
sign of branch-B beamline is in progress.

2. Soft X-ray emission spectroscopy is a technique ap-
plicable to various systems like solid, gas, surface adsor-
bate, liquid, and solution. However, energy resolution of
the soft X-ray emission spectrometer is worse in compari-
son with the resolution that the photoelectron energy an-
alyzer has achieved. Thus, we are developing the emission
spectrometer to get much higher energy resolution by im-
proving optics and detection technology. The spectrometer
(HEPA2) that is slitless spectrometer same as HEPAL1 is
now under testing. This spectrometer is estimated to have
5000 [E/AE] resolution for 2.5 pm spot size by ray-trace
simulation. Electronic state around the Fermi level and
electron-phonon coupling mechanism become clear for this
energy resolution. The spectrometer will install in the sys-
tem that aims to measure electronic states of liquid sample
under atmospheric pressure.

3. We have installed an UHV apparatus at a soft x-
ray beamline in SPring-8 for studying electronic structure
of surface adsorbate and new functional materials such as
diluted magnetic semiconductor. The apparatus enabled
us to investigate both occupied and unoccupied electronic
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structures by use of soft x-ray spectroscopy such as ab-
sorption, photoemission, and soft x-ray emission. Using
originally developed high efficiency soft x-ray spectrome-
ter (HEPA1), we are investigating the electronic structure
and chemical bonding in adsorbed molecules on metal sur-
faces such as SO2/Ni(100) and also new functional ma-
terials such as diluted magnetic semiconductor Mn-doped
GaN. Detailed assignments of SO2/Ni(100) soft x-ray emis-
sion spectra are done based on symmetry of molecular or-
bital and reported ultra-violet photoemission spectra. It is
found unambiguously that the electronic state with psym-
metry exists nearby the Fermi edge of Ni. This electronic
state is not related to the valence occupied molecular or-
bital of a free SO2 molecule. The obtained result indicates
hybridization of the unoccupied p’ orbital, which labeled
3bl for a free SO2, with the Ni 3d orbital, which forms
chemical bonding between SOz and Ni(100) surface.

4. We have revised a system for the soft x-ray emission
spectroscopy on biological samples. Last year we have de-
veloped a simple liquid cell with a SisN4 membrane on a Si
wafer to introduce aqueous biological samples into vacuum
for soft x-ray measurements. However, the samples in the
liquid cell suffered from radiation damage. It was difficult
to scan the samples against the focused beam because the
radiation area was limited due to endurance problem of
thin SizNy4 aperture. Instead, we have applied a new sam-
ple freezing system that combines the sample scanning and
an effective use of a small amount of samples. During ex-
periments frozen samples are placed close to the thin Sis
N4 membrane and scanned by the rotation of the disk to
eliminate signals from damaged samples. Inside the sam-
ple chamber a pure helium gas is circulated to increase
transmission of incident and emitted soft x-rays. We are
also developing a high efficiency element specific soft x-ray
absorption spectrometer for metalloproteins.

5. In order to study the electronic states of materials
the photoemission spectroscopy equipment has been de-
veloped 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 super-
conductor. This experimental station equipped with the
high resolution photoelectron analyzer. In addition, polar-
ization 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 pum 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.

6. In order to investigate intrinsic bulk electronic struc-
ture of various materials, we are developing Hard X-
ray Photoemission Spectroscopy (HX-PES). Last year,
we have realized HX-PES for the first time using high
brilliant synchrotron radiation at SPring-8. High energy
(~6-keV) excitation results in larger probing depth of pho-
toelectrons compared to conventional PES, and enables a
study of intrinsic electronic property of materials free from
their surface condition. With this newly realized technique,
requirements for surface preparation are much reduced, if
not eliminated. This year, the electron energy analyzer was
upgraded, and the amazing total energy resolution of 80
meV (E/AE = 75,000) was achieved at 6 keV. Using HX-
PES, various materials, such as nano scale thin films and
particles so far inaccessible due to the lack of proper sur-
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face, were investigated. In core level spectra of 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 trying
to this method to wet and liquid samples including biolog-
ical samples.

7. In order to advance in knowledge of materials science
by means of the soft x-ray spectroscopy, we are develop-
ing the multi-parameter data acquisition system suited for
the coincidence spectroscopy. Measurement for inner-shell
photoelectrons and fluorescent x rays in coincidence are
planned by using the system mentioned above.

8. Recently, Lasers has been applied as new spectro-
scopic methods with a progress of high power laser sys-
tems.

(1) We are developing synchronization system between
an intense femtosecond laser and soft-X-ray pulse at BLL17
SU in Spring 8. This system is useful as the time-resolved
photoemission spectroscopy with laser pump and soft-X-
ray probe. In pomp-probe measurement, time resolution
depends on pulse duration of photon beams. Therefore a
time resolution of 40 ps is obtained for 100-fs and 40-ps
pulse durations of the laser and soft-X-ray respectively.
With irradiation of two-different-energy photon beams, it
is possible to excite from valence and inner-shell coinciden-
tally. Therefore it is useful for measurements of dynamics
of adsorption molecules on solid surface and chemical re-
action with photo-catalysis. Recently photo-induced phase
transition has been reported in organic complexes and di-
electric crystals. In these materials, the localized photo-
exited states or photo-carriers induce the lattice, elec-
tronic, and magnetic structure fluctuations around them
via cooperative interactions. With this system, it is possi-
ble to investigate the photo-excited state dynamics of these
phenomena.

(2) We have also developed the high-resolution pho-
toemission spectroscopy system with a quasi-CW vacuum
ultraviolet light source based on a harmonic of lasers. 7-eV
photon beam with 0.26-meV bandwidth was produced by
KBe>;BO3F2(KBBF), which has been developed as a new
nonlinear crystal since 1996 by C. Chen. In addition, by
improving of electron analyzer, we obtained a 0.34-meV
resolution. This value is the greatest in the world as far
as we know. Because the mean free path of electrons emit-
ted by the 7-eV light is ~100 A it is possible to measure
bulk of a sample sensitively. This system also is able to
cool a sample down to 3.8 K. So we could measure the
superconducting gap of Nb, Pb, V with low T..

9. In order to investigate the dynamics of inner-shell
photoexcitation and relaxation processes in the heavy el-
ements, we are studying the photoabsorption process on
the multiply charged ions along an isonuclear- as well as
an isoelectronic-sequence systematically.

10. Study of multielectron processes in gaseous ele-
ments by means of soft x-ray absorption spectroscopy
as well as angle-resolved resonant Auger emission spec-
troscopy is in progress. Experimental results are compared
with theoretical calculations based on the Hartree-Fock ap-
proximation.

Research Subjects and Members of Soft X-Ray
Spectroscopy Laboratory

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

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

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

4. Element-specific soft-x-ray emission study on the elec-
tronic structure of biological samples in solutions

5. Development of high resolution soft x-ray photoemis-
sion spectroscopy

6. Development of hard x-ray photoemission spec-
troscopy

7. Research and development for the time-resolved spec-
troscopy

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

9. A study of photoabsorption processes on multiply
charged ions

10. A study of multielectron processes using high brilliant
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