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Topological Vector Acoustics
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Abstract— Conventional topological acoustics has mainly been based on scalar acoustic pressure
fields. Particle velocity, as an intrinsic vector degree of freedom of acoustic waves, carries rich physical
information such as polarization and spin, offering a new route to extend topological acoustics. This
presentation shows how acoustic topology can be extended from scalar pressure to vector velocity
fields. By exploiting velocity-related degrees of freedom in momentum space, real space, and the
spatiotemporal domain, we construct novel topological acoustic fields and develop vector-velocity-
enabled applications. (1) In momentum space, we reveal acoustic spin in evanescent waves, its
spin-momentum locking, and the nontrivial topological evolution of velocity polarization through
acoustic metamaterial design. (2) In real space, we construct acoustic skyrmions in velocity and
spin fields, demonstrating robustness, tunability, and stable transport. (3) In the spatiotemporal
domain, we realize two- and three-dimensional spatiotemporal acoustic vortices, enabling flexible
control of orbital angular momentum and revealing spin-orbit interactions in velocity fields. (4) We
further extend vector velocity to applications, achieving high-precision sound source localization,
high-capacity acoustic communication, and multichannel acoustic holography. Overall, topological
vector acoustics provides a new perspective for understanding and controlling acoustic waves and
opens new possibilities beyond scalar-pressure-based applications.
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