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The Photonic Forces group studies light-matter interactions at the
nanoscale, in particular the coupling between light and nanomechanical
motion in optomechanical systems. We seek to understand how

the behavior of light and sound in nanoscale devices is governed by
fundamental principles such as spatiotemporal symmetries and quantum
mechanics. We explore how suitable system design and control over
light-matter interactions can induce unusual phenomena for photons and
phonons such as nonreciprocity and topological states of sound and light.
Using such insights, we challenge the conventional limits to nanophotonic
and nanomechanical functionality, in application domains from quantum
sensing and metrology to communication.

Highlights 2017-2022

« Demonstrated optical nonreciprocity in
optomechanical systems, including magnet-free
circulation and optomechanical birefringence

[5].

- Demonstrated that strong pulsed, projective optical
measurements of a mechanical resonator can be
brought to the quantum regime [4].

« Observed topologically protected flow of light in
silicon photonic crystals [3].

« Proposed and demonstrated effective magnetic
fields for phonon transport in nanomechanical
networks through radiation pressure control, and
discovered gauge fields that control non-Hermitian
dynamics [1,2].

Plans

The group’s research in the next years comprises two
synergetic main thrusts: On the one hand, we chal-
lenge the conventional limits of mechanical quantum
metrology through strong, projective optomechanical
measurements. We study how quantum squeezing
and entanglement can be used to boost sensing per-
formance, and develop high-resolution chip-based op-
tomechanical sensors. On the other hand, we explore
exotic states of light and sound that in metamaterials
where temporal and spatial symmetries can be
controlled through nanophotonic design and active
radiation pressure control. This includes nonreciprocal
behavior as well as non-Hermitian and nonlinear
topological bosonic phases, with applications from
sensing to communication.
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Nanoscale optomechanical system, where radiation pressure
control fields induce nonreciprocal and topological states

states of sound.
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