Fractional skyrmions
restore symmetries to

support magnonic
corner states.
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Abstract

Isolated antiskyrmions, a kind of skyrmion with opposite topological charge,
as well as antiskyrmion crystals have been recently observed in acentric
tetragonal Heusler compounds with D, crystal symmetry [1]. Our theoretical
findings [2] reveal that the formation of fractional antiskyrmions plays a key
role in the emergence of higher-order topological states of magnons, the
quanta of spin waves.

We predict that magnetic antiskyrmion crystals can realize a magnonic
quadrupole topological insulator, whose hallmark signature are robust
magnonic corner states. Tuning an applied magnetic field induces the self-
assembly of fractional antiskyrmions along the sample edges, which, crucially,
restore the protecting crystalline symmetries that allow the formation of
magnonic corner states.

[1] A. Nayak, et al., Nature 548, 561 (2017).
[2] T. Hirosawa, S. Diaz, J. Klinovaja, and D. Loss, Phys. Rev. Lett. 125, 207204
(2020).

Introduction

* Magnonic higher order topological insulator (MHQOTI) is characterized by
corner-localized magnon modes in 2D systems. In contrast to Chern
Insulating phases supporting magnonic edge states, MHOTI requires
crystalline symmetries such as rotations and mirror-reflections. MHOTI has
remained elusive so far partly due to the fact that in the vicinity of sample
boundaries, the magnetization field can get easily deformed, making it
difficult to preserve crystalline symmetries.

« Magnetic skyrmions are microscopic, stable, swirling spin configurations
characterized by an integer topological charge. They can be stabilized in
ferromagnets with Dzyaloshinskii-Moriya (DM) interaction. The strict
requirements for the integer-valuedness of the net topological charge are
no longer met in confined systems, thus allowing a net fractional
topological charge. In fact, skyrmion nucleation has been predicted to take
place from the sample edges [3,4] through continuous growth of
iIntermediate states with fractional topological charge.

[3] H. Du, et al, Nat. Commun. 6, 8504 (2015).
[4] ). Mdller, A. Rosch, and M. Garst, New J. Phys. 18, 065006 (2016).

Method

* Model Hamiltonian on 2D square lattice
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* Monte Carlo annealing + LLG equation to obtain spin configurations of
antiskyrmion crystals. Magnon bands are obtained by linear spin wave
theory, performing Holstein-Primakoff transformation.

* Using the machinery of nested Wilson loops, adapted to magnonic
systems supported by noncollinear magnetic textures, we demonstrate the
quantization of the bulk quadrupole moment, edge dipole moments, and
corner charges.

Experimental work

correspondence”, in preparation.

Quantized quadrupole moment and Symmetry
of Antiskyrmion Crystal
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