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Electronic States of Solids Probed by Bulk-Sensitive
High-Resolution Soft X-ray Photoemission Spectroscopy

Akira SEKIYAMA
Graduate School of Engineering Science, Osaka University

Abstract
High-energy and high-resolution soft x-ray photoemission studies have been performed on strongly correlated Ce com-
pounds and vanadium oxides at BL25SU of SPring-8. The bulk spectra of CeRu, are explained by a band-structure calcu-
lation (itinerant model) whereas the other Ce 4f spectra are well reproduced by calculations based on the single impurity
Anderson model (model from a localized limit) . In a strong contrast to so far reported results, the bulk spectral functions
are revealed to be insensitive to x for Sr;_,Ca,VOs. Our study has demonstrated the importance of high-energy and high-
resolution photoemission spectroscopy for revealing detailed bulk electronic states of strongly correlated systems.
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Figure 1. Schematic picture of the different mean free path of the
valence-band photoelectrons, whose kinetic energy is nearly the
same as the excitation photon energy.
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Figure 2. Schematic picture of the single impurity Anderson model
(SIAM). Filled and open circles represent electrons and holes,
respectively, while shaded circles stand for a photoelectron. Eg
denotes the Fermi level.
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Figure 3. (a) Bulk-sensitive Ce 3d—-4f (close circles) and surface-
sensitive Ce 4d—4f (open circles) resonance photoemission spectra
of a very strongly hybridized CeRu,, a heavy fermion system CeRu,
Si, and a low-Tx compound CeBg, where Ty denotes the Kondo tem-
perature. (b) High-resolution 3d—4f and 4d—4f resonance photomis-
sion spectra near Eg.
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Figure 4. Bulk-sensitive Ce 3d—4f off-resonance spectra of CeRu,
in comparison with the surface-sensitive 4d—4f off-resonance spec-
trum. For all spectra, the secondary electron backgrounds with in-
tegration type have been properly subtracted.
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Figure 5. Comparison of the Ce 3d—4f resonance photoemission
spectra with the result of the band-structure calculation for CeRu,.
The upper panel compares the ‘‘off-resonance’” spectrum with the
Ru d partial density of states. The lower panel comapres the Ce 4f
spectrum obtained by subtracting the ‘‘off-resonance’ spectrum
from the ‘‘on-resonance’’ spectrum with the Ce f partial density of
states.
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Figure 6. Comparison of the Ce 4f spectrum near Er of CeRu,
(closed circles) with the f partial density of states (solid line) ob-
tained from the band-structure calculation (upper panel). Compari-
son of the Ce 4f spectra near Ep (closed circles) obtained from the
3d-4f resonance photosmission with the spectra calculated using the
non-crossing approximation (NCA) based on the single impurity
Anderson model (dashed lines) for CeNi, CeRu,Si,, CeBs and
CeRu,Ge,.
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Figure 7. Schematic picture of the 3d electronic structures for (a)
the Mott insulator, (b) strongly correlated metal and (c) itinerant
metal. These pictures are valid for the transition metal oxides. PES
and IPES stand for photoemission spectra and inverse photoemis-
sion spectra, respectively.
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Figure 8. High-resolution V 3d spectral weights near Er of Sr_
Ca,VO; at (a) low-energy hy=40.8 and (b) high-energy hv=900
eV, which have been obtained by subtracting the fitted tails of O 2p
contributions from the raw spectra (dashed line and squares in the
inset (c), respectively).
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Figure 9. Photon-energy dependence of the V 3d spectral weights
for Sr;_,Ca,VOj3. The V 3d spectra are normalized by the integrated
intensities of the incoherent part ranging from 0.8 to 2.6 eV.
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Figure 10. (a) Bulk V 3d spectral functions of SrVO; (closed cir-
cles), SrosCagsVO; (solid line) and CaVO; (open squares). (b)
Comparison of the experimentally obtained bulk V 3d spectral func-
tion of SrVO; (closed circles) to the V 3d partial density of states for
SrVO; (dashed curve) obtained from the band-structure calcula-
tion, which has been broadened by the experimental resolution of
140 meV. The solid curve shows the same V 3d partial density of
states but the energy is scaled down by a factor of 0.6.
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