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Optical levitation of dielectric nanoparticles is an extremely promising platform to create macroscopic
guantum states as it allows for a unique combination of optical control techniques of atomic physics
with the detection methods and size of solid-state objects. One such example, and a significant milestone
in the field of levitated optomechanics, is the realization of motional quantum ground state cooling of a
single levitated nanoparticle in an optical cavity [1]. Although an important result, a pure ground state
is just a prerequisite to show genuine quantum behavior, such as entanglement between multiple
particles or creating macroscopic superpositions.

In my talk, I will report on our recent progress in extending the control to tweezer arrays of levitated
nanoparticles. I will show how particles couple through nonreciprocal light-induced dipole-dipole forces
and how we program arbitrary interactions in an experiment [2]. | will present our recent study of non-
Hermitian collective dynamics of two particles, which results in parity-time symmetry breaking and a
collective mechanical lasing phase [3]. Finally, I will discuss our new experiment that combines an
ultrahigh finesse optical cavity with tweezer arrays, which will enable the realization of multipartite
entanglement and the study of collective effects in the presence of nonreciprocal interactions.
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