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Spin waves in a ferromagnet form band structure. This band structure is endowed with gauge field
structure and characterized by Berry curvature. In this research, we study gauge-field structure
in magnets with artificial periodicity, called magnonic crystals. The band structure and
corresponding Berry curvature can be designed by changing the periodicity. In particular, we show
that in some magnonic crystals, some bands can have nontrivial topological numbers, leading to
topological phases similar to quantumHal | systems. In this case the integral of the Berry curvature
cal led the Chern number becomes nonzero, and it represents a number of topological edge modes

We consider two kinds of structures for magnonic crystals. First we consider a bulk ferromagnet,
within which pillars of another ferromagnet with different saturation magnetization are
periodical ly arranged. When the period is changed, the topological phases are shown to change;
thereby characteristic topological edge states are formed.

Second, we consider an array of thin ferromagnetic disks. The structure considered consists of
clusters, composed of several disks. An equilibrium structure is either a collinear ferromagnetic
spin structure along the magnetic field, or a vortex—I|ike spin structure, depending on the magnetic
field strength. We calculate the Berry curvature and Chern numbers for both cases. We also calculate
how the topological phases and corresponding edge states change as the magnetic field is changed.
The origin of the topological phases is interpreted in analogy with electronic systems.

We also study surface plasmons in metal surfaces, in the context of possible topological phases.
In the present research, we reformulate the band structure for one-dimensional plasmonic crystals,
using hermitian matrices. The existing formulations for plasmonic band structure are based on
non—-hermitianmatrix, for which formulation of Berry curvature is almost impossible. Such hermitian
formulation is expected to be necessary for calculating Berry curvature in two—-dimensional
plasmonic crystals.




