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Abstract

Future heterogeneous quantum architectures require connecting diverse physical systems--
superconducting qubits for computation, solid-state spins for memory, and optical photons for
networking. Microwave-frequency acoustic waves (phonons) offer a universal platform to bridge these
domains due to their compact wavelength, long coherence times, and versatile coupling. In this talk, I
present an integrated quantum acoustics platform harnessing these advantages. First, we realize on-chip
"phononic atoms" using phononic crystal resonators on lithium niobate. Leveraging the electro-acoustic
effect, we demonstrate cavity quantum acoustodynamics (cQAD), including Autler-Townes splitting, AC
Stark shifts, Rabi oscillations, and non-reciprocal frequency conversion. Second, I discuss how integrated
phonons act as essential quantum interfaces. I will detail the acoustic driving of diamond silicon-vacancy
(SiV) centers and the acoustic-wave-mediated microwave-to-optical converter, highlighting how phonons
link atomic systems, microwaves, and light.
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