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Abstract

In recent years, research on the excitation of spin waves carrying orbital angular momentum (0AM)
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in magnetic materials has attracted intense research interests. In this study, we employ micromag-
netic simulation methods to excite spin waves carrying transverse orbital angular momentum
which is perpendicular to the wave propagation direction in permalloy nanostrips, using two ap-
proaches. The first approach utilizes a combination of a biased unidirectional magnetic field and an
oscillating magnetic field to generate distorted spin waves within the nanostrip. The second ap-
proach involves setting a magnetic vortex domain wall, without core, at the center of the nanostrip,
where the topological structure converts plane waves into distorted spin waves. Furthermore, by
altering the chirality of the magnetic vortex state and the arrangement of magnetic moments on
both sides of the domain wall, the direction of the OAM carried by the spin waves is controlled. This
reveals the mechanism by which the chirality of the magnetic vortex state and the arrangement of
magnetic moments lead to the reversal of the OAM direction. Our research expands and improves
effective methods for generating spin waves carrying OAM in two-dimensional magnetic nanostrips,
achieving directional control. These findings provide new insights and data support for the appli-
cation of spin waves in information transmission and magnetic devices.
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Figure 1. Schematic diagram of the ferromagnetic nanostrip sample with length of 2500 nm, width of 160 nm, and thickness
of 5 nm. The white dashed line indicates the position of the excitation magnetic field, the black arrows represent the orientation
of the magnetic moments, the black isosceles triangles on both sides denote the spin wave absorption regions, and the black
dashed box indicates the FFT region
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Figure 2. This figure shows the vibration image (a) and the phase image (b) corresponding to the eigenmode of spin waves
with an eigenfrequency of 11.2 GHz. (c) displays the FFT image obtained by fast Fourier transform
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Figure 3. Schematic diagram of the magnetic nanostrip sample with a width of 202 nm. A magnetic vortex domain, without
vortex core, is located at the center. The rectangular coordinate system indicates the coordinate origin of the model. The color
of the strip indicates the magnitude of the initial magnetic moment of the sample in the x-direction. The white dashed line
indicates the position of the excitation magnetic field. The black isosceles triangles on both sides represent the absorption ports,
and the black dashed box denotes the FFT region
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Figure 4. The vibration image (a) and the phase image (b) corresponding to the eigenmode of spin waves with an eigenfre-
quency of 9.2 GHz, illustrating the spin waves before and after passing through the core-free magnetic vortex domain wall. (c)
displays the FFT image of the sample
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Figure 5. Four combinations of chirality and magnetization configuration of the magnetic vortex domain wall. (a) chirality ¢
= —1, with magnetic moments arranged in a tail-to-tail configuration; (b) ¢ = +1, with tail-to-tail configuration; (c) ¢ = —1, with
head-to-head configuration; (d) ¢ = +1, with head-to-head configuration
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Figure 6. The set of four figures shows the phase images of the 9.2 GHz eigenmode spin waves after passing through the
magnetic vortex domain wall under four parameter combinations, respectively: (a) chirality ¢ = —1, with magnetic moments
arranged in a tail-to-tail configuration; (b) ¢ = +1, with tail-to-tail configuration; (c) ¢ = —1, with head-to-head configuration;
(d) ¢ =+1, with head-to-head configuration
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