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Abstract

When the magnetic moment lined order in the magnetic materials generates collective movement,
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we call this phenomenon as spin wave. The spin wave that not only has momentum but also has
orbital angular momentum in the propagation process is called twisted spin wave. Different from
the plane wave, twisted spin wave will twist alone the central axis during its propagating. Finally,
the twisted spin wave will distribute in spiral way, meanwhile the spin wave always possesses
angular momentum. This paper studies eigenmodes of twisted spin waves in ferromagnetic nano-
cylinder; through applying a sinc pulse magnetic field in the bottom of the nanocylinder and using
FFT, analyzes the component of dynamic magnetic moment; and gets the resonant spectrum of
twisted spin waves. Then we use inverse Fast Fourier Transform to acquire the mode of twisted
spin wave with I = 1. Moreover, by applying an in-plane rotating field, a twisted spin wave with
topological charge I = 1 can be excited.
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TEASCH, FE R A 9K A BT S0 2 A B, P oK AR B4 d 2 200 nm, = h 9 200
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Figure 1. The initial magnetization distribution of the magnetic vortex state
in a permalloy nanocylinder with a diameter and height of 200 nm, the polar-
ity is upward, and the spin is counterclockwise, as shown by the arrow
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Figure 2. The spectrum diagram of the vortex spin wave, where the purple solid
line represents the vortex spin wave spectrum of | = —1 when the vortex core polar-

ity p = +1, and the black dots represent the spectrum of the vortex spin wave with |
= +1 when the vortex core polarity p = —1
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Figure 3. Inverse Fourier analysis (IFFT) modal diagram of a vortex spin wave with an intrinsic fre-
quency of 3.5 GHz at different positions on the z-axis. (a) The vortex spin wave mode diagram with
topological charge | = —1; (b) The vortex spin wave mode diagram with topological charge | = +1
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Figure 4. (a) When the propagation time t = 0.3 ns, the topological charge number | = -1 is the magnetic moment m, ampli-
tude diagram at different positions of the nanocylinder along the propagation direction; (b) When the propagation time t =
0.3 ns, the magnetic moment m, amplitude diagram of the spin wave with topological charge | = +1 at different positions
along the propagation direction of the nanocylinder; (c) (d) | = —1 and | = +1 vortex spin wave Schematic diagram of the
wave front
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