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Ultrafast Dynamics of Magnon Propagation
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Spin waves, or magnons, are waves resulting from the disturbance of spin alignment in magnetic materials. When magnons
propagate within a solid, the absence of moving parts is believed to lead to smaller heat dissipation. This review introduces
experimental methods for generating and measuring propagating magnons in magnetic materials using ultrafast laser pulses. Modern
ultrafast lasers typically feature short pulse widths of 100 femtoseconds, enabling a wide bandwidth ranging from gigahertz to
terahertz frequencies. In this scenario, optically generated magnons exhibit much longer wavelengths than the lattice parameters of
solids, underscoring the crucial role of long-range interactions among magnetic dipoles in the dispersion relation near the Brillouin
zone center. Such interactions manifest not only in ferromagnets but also in antiferromagnets, providing a foundational framework for
investigating magnon transport and advancing the development of future magnonic devices.
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Fig. 1. (Color online) (a) Schematic of spin wave propagating within a magnetically ordered material. Figure reproduced from Ref. 1 (b) A
simplified cartoon of a time-resolved magneto-optic experiment. The (green) pump beam photoexcites the spin waves, whose propagation is
subsequently captured by the (red) probe beam (c) Dispersion relations of magnetostatic spin waves in a YIG (Yttrium iron garnet) film. A finite
velocity (slope) can be observed at q = 0. Figure reproduced from Ref. 5. (d) After photoexcitation with the pump pulse, magnetization initiates
precessional motion by spiraling to align with H,. Figure reproduced from Ref. 1.
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Fig. 2. (Color online) (a) Overview of a time-resolved MOKE microscopy setup. The galvanometer mirrors and the 4/ geometry enable scanning
of the pump beam. Figure reproduced from Ref. 14. (b) A tr-MOKE measurement performed at T =2.5 K with an out-of-plane field of 0.5 T
applied to a single crystal Fe;Sn, sample.
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Fig. 3. (Color online) (a)~(h) Snapshots of 2D MOKE microscopy maps. The images are obtained by raster scanning the pump beam and
measuring the MOKE signal at each fixed time delay between the pump and probe laser pulses. The propagation is clearly anisotropic at later time

delays.
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Fig. 4. (Color online) (a) Schematic of a time-resolved microscopy measurements taken on a van der Waals antiferromagnet CrSBr. (b), (c) Both
24 GHz and 34 GHz magnon modes are observed to propgate macroscopic distances Figures reproduced from Ref. 16. (d) Snapshots of 2D
microscopy maps taken on CrSBr clearly reveal uniform, radial propagation. Figure reproduced from Ref. 17.
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