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(1) High-resolution soft x-ray photoemission study on
strongly correlated systems

We performed the core level photoemission and
resonant photoemission spectroscopy in VO, thin film
(metal-insulator  transition),  SrVO; and  CaVO;
(Mott-Hubbard  system metals). In the core level
photoemission spectra, we observed the screening features
from the coherent band at Fermi level and also compared
these results with hard x-ray photoemission spectra. The
spectral changes across the metal-insulator transition were
nicely reproduced by a cluster model calculation. We
performed the resonant photoemission spectroscopy in
SrRuy,Mn,O5. The sharp peak structure near Fermi level,
which is clearly observed in SrRuO; (x=0), is strongly
suppressed in SrRupegMngy 403 (x=0.4). This result indicate
the metal-insulator transition around x=0.4 in SrRu;.,Mn,0O3,
which is originated from the charge transfer from the
itinerant Ru 4d orbitals to the localized Mn 3d orbitals.

(2) High-resolution hard x-ray photoemission study on
strongly correlated systems

Hard x-ray photoemission spectroscopy (HX-PES) has
developed significantly in the last few years mainly due to its
ability to overcome the high surface sensitivity of
conventional photoemission spectroscopy. HX-PES results in
much higher kinetic energies of emitted electrons and hence
longer mean free paths, naturally leading to bulk-sensitive
measurements. Its application to strongly correlated systems
has led to several significant results, making it an
fundamental technique to reveal the true bulk electronic
structure. We have reported bulk sensitive HX-PES of
transition metal (TM) 2p core-level for various TM
compounds (pure and Cr doped V03, high-Tc cuprates). The
present approach reveals features that are hidden in soft-
X-ray photoemission spectroscopy as a reliable probe of bulk
properties.

(3) Hard x-ray and soft x-ray photoemission spectroscopy
for Kondo semiconductor SmBg

SmBg is classical Kondo insulator with mixed-valence
between Sm*" and Sm®' states. In this work, we have
performed hard x-ray excited Sm 3d core level
photoemission spectroscopy (PES), and soft x-ray excited

Sm 3d-4f resonant PES for SmBg.  For hard x-ray excited
(hv = 7940 eV) Sm 3d core-level PES spectra of SmBg, the
component ratio Sm?* / Sm** is enhanced compared to the
case of soft x-ray excitation (hv = 1500 eV), reflecting the
increase of bulk sensitivity. In addition, we have
succeeded to detect a small temperature variation of Sm
valency between 20 K and 150 K.  The results show that
Sm?* component is stronger at 20 K, which may be related to
the Kondo insulating gap formation.  For resonant-PES
spectra, a giant resonance enhancement of Sm?* and Sm®*
features was observed. Despite strongly mixed-valent
behavior, the spectra can be understood by the atomic
multiplet calculations, suggesting the importance of the
localized and dispersionless electronic state. Hence, a
lattice of localized spin singlets is useful for understanding
the mechanism of gap formation in SmBs.

(4) Photoemission and soft X-ray emission spectroscopy
of Diluted magnetic semiconductor

Diluted magnetic semiconductors (DMSs) have
received much attention due to their physical properties and
applications. Recently, room temperature ferromagnetic
DMS of transition metal (Cr or Mn) doped GaN was
predicted theoretically, and was grown by molecular beam
epitaxy method. In this work, we study the electronic
structure of room temperature ferromagnetic DMS
Gay.CryN by using soft x-ray emission spectroscopy (SXES)
and x-ray absorption spectroscopy (XAS). In this year, we
have performed N 1s XAS on the ferromagnetic Ga;,CryN
and highly Cr doped non-magnetic Ga;CryN. Highly Cr
doped sample shows a cubic CrN impurity phase. According
to the result, it is indicate that Ga;,Cr,N exhibits
ferromagnetism, which keep a wurtzite structure by Cr
doping.

On the other hand, we have carried out high-resolution
photoemission spectroscopy (PES) for anti-perovskite nitride,
which has negative expansion coefficient and transition
metal nitride. In the hard x-ray PES result, CrN shows new
feature at the low binding energy side of Cr 2p core level.
The temperature dependence and the cluster calculation
indicate that this feature is “well-screening feature” which is
effective balk electronic structure.
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