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Broken symmetry brings about novel electromagnetic (EM) phenomena and functionalities.
Time reversal symmetry is broken in a magnetized medium. Polarization rotation of EM waves
called Faraday rotation occurs in the magnetic medium. Space inversion symmetry is broken
in a chiral medium. Polarization rotation also occurs in the chiral medium.

Magnetochiral (MCh) effects known as directional birefringence for unpolarized
electromagnetic waves are induced in a system with magnetism and chirality. The MCh effects in
natural materials are usually very weak. Moreover, it is necessary to prepare a high dc magnetic
field or a very low-temperature environment to enhance the MCh effect. In contrast to natural
materials, it is possible to enhance the effects in metamolecules under a low dc magnetic field
and at room temperature.

In this study, a numerical and experimental study shows unity-order MCh effects exhibited by
asingle metamolecule at microwave frequencies. The magnetism is given by the ferromagnetic
resonance of ferrite under dc biased magnetic fields. The chirality is given by a spatial
arrangement of dielectric cubes with Mie resonance. The interference between the magnetism
and chirality results in a large nonreciprocity in power transmittance. The nonreciprocity has
a two-order of magnitude enhancement compared with that reported in the previous studies.
In addition to the amplitude of transmittance, we focus on the phase characteristics of the
transmittance coefficient and evaluate the effective refractive index of the metamolecule. The
directional birefringence caused by the MCh effects is nearly unity. We also show that the MCh
effects by metamolecules with spontaneous magnetization are two orders of magnitude greater
than those of previous studies.

Following the experimental demonstration of unity -order MCh effects, we develop a
theoretical model based on electric circuits.

This study paves the wave for practical use of the MCh effects.
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