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Abstract

Photonic crystals with twisting micro-structures can be used to realize non-resonant metamaterials with
multiple index ellipsoids centered at arbitrary nonzero k-points and topological materials with topological Weyl
points. All natural and artificial materials have one index ellipsoids centered at k=0. This is consistent with the
fact that the photon momentum has to go to zero as frequency goes to zero. However, some metallic photonic
crystals with subwavelength helical structures can possess more than one index ellipsoids centered at arbitrary
nonzero k-points. The centers of the index ellipsoids in momentum space are determined by the connectivity
of the metallic elements. Different from the majority of metamaterials which derive their properties from an
array of subwavelength resonators, the functionality of the metamaterial is derived from the topology of the
structure, not from resonances of individual resonators. We will also show that twisting structures can also be
used to realize Weyl points. Weyl points, as analogue of magnetic monopoles in momentum space, have
captured much attention recently in various branches of physics. One-way edge modes are found on the
boundary of these systems. In the microwave regime, such structures can be fabricated using planar fabrication
technology.
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