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Levitodynamics, studying the dynamics of levitated massive particles in vacuum, is currently finding applica-
tions in high-end sensing. Within fundamental physics, investigating quantum mechanics or thermodynamics
at the mesoscale are driving forces of the emerging field. All these areas of levitodynamics rely on tightest
control over the center-of-mass (c.m.) motion of the particle.

Here, we experimentally realize \1 cavity cooling of all three c.m. motional degrees of freedom of a levitated
nanoparticle in vacuum. The particle is trapped in an optical tweezer and is cooled by coherently scattering
tweezer light into the cavity mode. We discuss \2 methods, limits, and opportunities of our approach.
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