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Figure 1| Encoding and manipulating a qubit in a single photon.
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Photonic quantum technologies. Nature Photonics, 3(12), 687-695.
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A state-of-the-art large-scale integrated quantum photonic circuit in silicon. The device
fully integrates 16 waveguide SPSs (spirals), 93 reconfigurable TOPSs (orange
parts), 122 MMIs, 376 crossers and 64 grating couplers, in total 671 optical
components. The device was re-programmed to demonstrate the on-chip GMM of
multidimensional entangled states with high controllability and universality, to
certificate up to 15x 15 dimensional two-photon entangled states, and to implement
multiple quantum information tasks. The two insets are photographs of the device.
Silicon waveguides and 16 SFWM sources can be observed as blue lines. Gold wires
allow the electronic access of each TOPS.
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Cavity Quantum Electrodynamics Fundamentals
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"Photon blockade in an optical cavity with one trapped atom.," Nature 436, 87 (2005).



Duan-Kimble scheme

Atom-photon gate
Duan, Kimble 2004
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e The chipis adhered to a metal holder for mechanical stability.

e Vacuum pressure maintained at 5 x 10~ mbar.



Free Space
Coupling

Free Space
Coupling

e Free space coupling.
e NA =0.43 (corrected for 3.5 mm glass wall).
e We use background fluorescence for the

calibration.



e Modified MOT configuration allows for full optical access around the glass cell.

e MOT temperature: 50 pK.

e MOT distance to the chip surface: 0.3 ~ 1 mm.
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e PGC cooling does not works for our setup. e The trap lifetime is about 54 ms.
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TMO
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e [For our cavity quality factor, we are now far
away from strong coupling regime.
e With state-of-the-art cavity (Q = 4 x 109), it is

promising to reach strong coupling regime.
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Loading zone

e Atoms can be loaded and moved to the storage zone from a MOT.
e Atoms can be moved among the photonic chip surface to interact with different photons.

e Atoms can be moved away from the chip to implement Rydberg-mediated interactions.
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