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Abstract:

Photonic approaches to quantum technology are a frontrunner for quantum communication
applications but also hold promise for optical quantum computing, simulation, and remote sensing.
The scaling challenges of current implementations can be overcome through integration of photonic
systems on semiconductor chips that allow for realizing complex functionalities in quantum
technology. We identify quantum light sources, nanophotonic circuit components and single-photon
detectors as essential building blocks and show how they can be integrated and replicated in large
numbers on nanophotonic chips. We efficiently interface nanoscale solid state quantum emitters, such
as defect centers in nanodiamonds or colloidal quantum dots, with nanophotonic waveguides. Further,
we demonstrate a reinforcement learning-based inverse design method that allows for scaling down
nanophotonic circuit components and implement an extraordinary wide range of functionalities.
Lastly, we embed efficient, low noise superconducting nanowire single photon detectors exhibiting
high timing accuracy with a variety of photonic integrated circuit components that enable high-rate
quantum key distribution, among other applications of quantum technology.
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