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Integrating Photonics into Trapped-lon Architectures

Trapped-ion platforms are being developed for use in applications such as
atomic clocks, quantum sensing, quantum networking, and quantum
information processing. The use of trapped ions in these applications comes

’ from their long coherence times, reproducibility, and high-fidelity
- operations. However, to fully utilize these systems, efforts need to be made
to minimize the technical challenges related to interfacing bulk optical
systems with atomic particles. In this talk | will describe experiments which
utilize integrated photonic systems to improve the stability and scalability of

— ‘
~/

trapped ion platforms used for quantum information processing.

By implementing optical routing on chip, the relative phase stability of
different optical paths can be maintained, which allows for the demonstration of phase stable polarization
gradient cooling [1,2], a cooling technique that can be used for fast motional state preparation. To address
challenges of scalability, we develop integrated diffractive emitters to drive electronic transitions in
trapped-ions and diffractive collectors to collect the light scattered from the ion [3]. Further, | will describe
how these structures can be used to generate entanglement through the application of spin dependent
forces and through photon-mediated entanglement generation [4]. Integrating photonic circuits into
trapped-ion architectures could offer new capabilities to scale up the complexity of these systems while
also offering avenues for making these systems more compact.
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