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B Ab /nitio Prediction of Magnetic Structures Based on Cluster-Multipole Theory

In a magnetic material, magnetic moments align themselves with their neighbors in very
specific formations. While the magnetic structure determines the physical properties of
magnets, accurate prediction of the spin configuration is one of the grand challenges in
solid state physics. This is due to the presence of many degrees of freedom in the system.
In this study, we device the cluster multipole (CMP) theory to treat the degrees of freedom
in a physically meaningful way, and create an exhaustive list of candidate magnetic
structures for which we performed a high-throughput calculation with ~3,000 possible
magnetic structures. With the combination of the CMP theory and the local spin-density
approximation (LSDA) for noncollinear magnetism, our study lays a solid foundation for
the ab initio predictions of various magnetic properties by showing that (1) the CMP
expansion administers an exhaustive list of candidate magnetic structures, (2) CMP+LSDA
can narrow down the possible magnetic configurations to a handful of computed
configurations, and (3) LSDA reproduces the experimental magnetic configurations with
an accuracy of ~0.5uB.

[J M.-T. Huebsch, T. Nomoto, M.-T. Suzuki, R. Arita, Phys. Rev. X 11, 011031 (2021).
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