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Abstract:

Diversity of physical properties of magnets provides a fascinating playground in condensed matter
physics. What is interesting to note is that there are many restrictions for physical properties in
magnets imposed by magnetic structure. It is often useful to represent some aspect of magnetic
structure by using symmetry, order parameter, and topology. For example, it has been known that
the finite elements of a linear response tensor are identified by the magnetic point group, which
characterizes macroscopic symmetry of the magnetic structure.

Cluster multipole method is first suggested to identify the multipole order parameters related to
anomalous Hall effect in antiferromagnets [1, 2] and is further developed to generate the
orthonormal symmetrized magnetic structure bases providing multipole expansion for a given crystal
structure [3]. The symmetrized magnetic bases are useful to produce high symmetric magnetic
alignments which can be good candidates of stable magnetic structures for a magnetic compound.
We recently applied the cluster multipole method combined with first-principles theory to
investigate the transport phenomena of magnetic systems with predicting stable magnetic structures
[4, 5] and established a framework to systematically evaluate the stable magnetic structures for given
crystal systems [6]. In this talk, | introduce an overview of cluster multipole method and application
to the study of magnetic compounds.
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