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Various interesting physical properties, such as colossal magnetoresistance effects and magneto-
electric effects, have been discovered in strongly correlated electron systems (SCES). There the
strong coupling among charge, spin, orbital of the 3d electrons and lattice degrees of freedom
play important roles. The study of these electronic ordering states is essential to understand the
phenomena microscopically. Here the synchrotron radiation with the feature of high brilliance
flux of photon, the polarization property, and energy tunability is indispensable for such studies.
Resonant X-ray scattering (RXS) is a powerful tool for observing the spatial ordering of charge and
orbital degrees of freedom.[1] Moreover, the spin ordering is important to elucidate the origin of
the physical properties in the SCES. A complementary use of X-ray and neutron diffraction tech-
niques becomes more important, since the neutron scattering is suitable for the study of magnetic
structure. In this talk, I will present the studies of electronic ordering states in SCES.
In RVO3 (R: rare earth or Y), the two valence electrons of the V3+ ions occupy the near-triply
degenerate t2g orbitals, and there are orbital and spin degrees of freedom. Hence, RVO3 shows
various physical properties owing to the orbital and spin states. Two types of orbital-spin ordering
have been reported in RVO3 systems [2]; the ground state of YVO3 is C-type orbital order (C-
OO)/G-type spin order (G-SO) phase, and that of TbVO3 is G-OO/C-SO one. These compounds
locate near the phase boundary between these phases, so the phases compete with each other.
There we noted hydrostatic pressure effect on the orbital-spin states. Therefore the orbital and
spin ordered states of RVO3 (R=Y, Tb) have been systematically investigated the diffraction
techniques under high pressure. [3,4]
The superlattice [(LaMnO3)m(SrMnO3)m]n was fabricated as a stage to control the Mn valence
artificially. The films are composed of same number of LaMnO3 and SrMnO3 layers, and the
average Mn valence is kept to be 3.5+. The Mn valence is commonly 3+ (4+) in the LaMnO3

(SrMnO3) layer, and the valence distribution is expected to be controlled by the stacking sequence
of LaMnO3/SrMnO3 layer. Recently, new CMR effect was discovered in this superlattice system,
that can never been realized in alloy (La,Sr)MnO3. [5] To understand the physical property in
[(LaMnO3)m(SrMnO3)m]n microscopically, we have evaluated the stacking structure of Mn valence
states,[6] and also try to determine the magnetic structure.
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