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We performed numerical calculations and design, fabrication, and microwave
measurements of phase-gradient magneto-electric (ME) metasurfaces and phase-gradient magneto-chiral
(MCh) metasurfaces with a non-reciprocity. Additionally, we demonstrated experimentally and
numerically that a newly conceived dielectric-magnetic hybrid metamolecule exhibits large MCh
effects. Furthermore, based on the interplay with algebraic geometry, such as the Kummer surface, we

conducted theoretical studies of the bianisotropic metasurfaces in terms of Berry phase optics.
Moreover, we conducted a detailed re-examination of the Kuhn model, which serves as a toy model for
optical activity due to chirality, and demonstrated that an extended Kuhn model shows the MCh
effects. We also made a progress in understanding and classifying the interaction between light and
matter using field theories.
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