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Elucidation of orbital degrees of freedom in strongly correlated electron materials by
synchrotron X-ray scattering measurements.
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The physical properties of condensed matter crystals are governed by the “orbital” states of the valence electrons of
the constituent atoms. The electron orbitals can be regarded as the smallest units that determine the anisotropy of the
physical properties. We have proposed a core differential Fourier synthesis (CDFS) method that can visualize the
distribution state of the valence electrons, which is a quantum mechanical basic information that has been extremely
difficult to observe directly, as a real-space three-dimensional image information. In the history of X-ray diffraction for
more than a hundred years, it is possible to obtain the precise electron density information by changing the viewpoint like
Columbus’ egg. This method requires high-energy and high-quality synchrotron X-rays from SPring-8, but does not
require special measurement techniques. Valence electron information can be extracted by subtracting the Fourier
coefficient component of the spherically localized core-shell electrons from the experimental crystal structure factor based
on the measured diffraction intensities, which in principle can be applied to all elements. In this project, we have elucidated
various electronic states due to orbital degrees of freedom in several strongly correlated electron systems, including spinel-

type vanadium oxides.
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