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Fig. 1. Magnetic skyrmion structures: (a) Bloch-type skyr-
mion; (b) Neéel-type skyrmion; (c) magnetic domain wall.
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Fig. 2. Binary tree structure and schematic diagrams of genetic operations in symbolic regression: (a) Representing the formula in

binary tree form; (b) copy operation; (c) crossover operation; (d) mutation operation.
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Fig. 3. Flowchart of the symbolic regression.
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Fig. 4. Comparison between the fitting results of Eq. (8) and simulation data of one-dimensional magnetic domain wall under
various values of 4 and K: (a) A = 1x10'% J/m, K = 1x10% J/m? (b) A = 5x10'? J/m, K = 2x10% J/m? (c¢) A = 13x10'2 J/m,
K = 3x10% J/m?.
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Fig. 5. Pareto optimum when A?/h = 0.01: (a) Eq. (10a); (b) Eq. (10b).
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SPECIAL TOPIC—Two-dimensional magnetism and topological spin physics

Exploring approximate analytical expression for magnetic
skyrmion structure based on symbolic regression method®
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2) (University of Science and Technology of China, Hefei 230026, China)
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Abstract

Magnetic skyrmion is a kind of nontrivial topological magnetic structure, which can exist stably in chiral
magnet with Dzyaloshinskii-Moriya (DM) interaction, and its static and dynamic properties are closely related
to its structural characteristics. However, there are no general analytical expressions for skyrmion profiles.
Therefore, many researchers have provided approximate solutions. In this paper, a new approach to exploring
magnetic skyrmion structures is introduced by using a symbolic regression approach. Considering the influence
of DM interaction and external magnetic field on magnetic skyrmion structure, two suitable approximate
expressions are obtained through symbolic regression algorithms. The applicability of these expressions depends
on the dominant interaction. The research results in this work validate the powerful capability of symbolic
regression algorithms in exploring the magnetic skyrmion profiles. So, the present study provides a new method

for finding the analytical expressions for magnetic structure.

Keywords: magnetic skyrmions, symbolic regression, structures of magnetic skyrmions, Dzyaloshinskii-Moriya
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