Amplifying quantum signals with a RF-driven Josephson  oscillator:
Quantum activation over a meta-potential barrier 
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We have constructed a new type of cryogenic amplifier whose primary purpose is the readout of superconducting quantum bits. It is based on the dynamical bifurcation of an RF-driven Josephson tunnel junction from a low-amplitude to a high-amplitude plasma oscillation state [1-3]. Although this bifurcation manifests itself experimentally by a sudden phase-shift in a pulsed microwave reflection measurement, and can appear quite similar to the switching of a DC current-biased junction out of its zero-voltage state, it is fundamentally a strong non-equilibrium phenomenon.  
The main advantages of the Josephson bifurcation amplifier are speed, high-sensitivity, low back-action, and the absence of on-chip dissipation. In the quantum regime corresponding to qubit operation, switching occurs not through tunneling but through the novel phenomenon of quantum activation, which bears some resemblance to the Unruh effect explaining the evaporation of black holes. We will present recent results of the measurement of this quantum activation, and show what the bifurcation amplifier is bringing to decoherence measurement and quantum non-demolition in the particular case of the readout circuit of the quantronium qubit.
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