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Real-space observation of orbital electrons in multipole ordered states
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In 4d, 5d, and 4f electron systems, the effects of relativistic spin-orbit
interaction can manifest in their physical properties. As a result, the entanglement of spin and
orbital degrees of freedom can reconstruct electron density, leading to the formation of multipole
order. However, until now, there have been no examples of observing multipole order states, referred

to as "hidden order," as electron density distributions in real space. In this study, by combining
high-energy X-ray diffraction at the synchrotron facility SPring-8 with a core differential Fourier
synthesis method developed by the applicant, we successfully achieved real-space observation of
multipole order in pyrochlore-type oxides.
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