Generation of time-frequency grid state with integrated biphoton frequency combs
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Abstract: Encoding quantum information in continuous variables is intrinsically faulty. Nevertheless, redundant qubits can be used for error correction, as proposed by Gottesman, Kitaev and

Preskill in Phys. Rev. A 64 012310, (2001). We show how to experimentally implement this encoding using time-frequency continuous degrees of freedom of photon pairs produced by

spontaneous parametric down conversion. Our theoretical model relies on the analogy between operations involving multi- photon states in one mode of the electromagnetic field and single

photons occupying many modes. We illustrate our results using an integrated AlGaAs platform, and show how single qubit gates and error correction can be experimentally implemented in a
circuit-like and in a measurement-based architecture.
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Time-frequency GKP state: a new qubit in the time-frequency continuous variables degree of freedom of single photons
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Creation and Manipulation of time-frequency GKP states

A pump beam illuminates an AlGaAs waveguide
where photon pairs are generated by SPDC.
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HOM interferometer. A time delay performs a one qubit
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Simulated JSI of the state emitted by the nonlinear cavity
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Experimental coincidence measurement (R = 0.3)

Quantum circuit to interpret the
generation of the entangled GKP state.
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Numerical coincidence measurements
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Steane error correction
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Correction of the temporal noise
coming from the generation itself
Preparation of a time-frequency GKP
state by conditional measurement
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