Continuous Measurement of a Driven
Quantum Electrical Circuit
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Introduction: Continuous Measurement of a Driven
«Two Level Atom »
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Introduction: influence of measurement strength Xl
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See J. Gambetta et al.,, Phys. Rev. A 77, (2008)

Can we address this problem with an electrical circuit ?



The transmon circuit _
A. Blais et al., Phys. Rev. A 69, 062320 (2004)

A. Walraff et al., Nature 431, 162 (2004)
J. Koch et al., Phys. Rev. A 76, 042319 (2007)
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1) How does this system work?
2) Experimental implementation and results



The Cooper pair box (CPB)
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The split Cooper pair box (CPB)
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The split CPB energy spectrum
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The low Ec regime of the Cooper pair box E. <<E,
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Charge noise insensitivity...
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A two Level atom or fictitious spin
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State manipulation of the CPB: 1) microwave drive at WAV
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State manipulation of the CPB:
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2) Z rotations from detuning




The coupled CPB-resonator system A. Blais et al., Phys. Rev. A 69 (2004)
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Jaynes-Cummings in the dispersive regime
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Use cavity pull to measure the CPB
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Homodyne detection of the reflected signal
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Back-action during the measurement process: ideal measure ment time
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Actual measurement and dephasing times
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Implementation

CPWA2 @ ~ 6 GHz
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Implementation
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Experimental setup
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Experimental setup
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Resonator characterization
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Cooper pair box spectroscopy Ay
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Cooper pair box parameters from spectroscopy fit
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Time domain Rabi oscillations: « real-time » mode and
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Coherence times at working point
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Coherence times at working point
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Time domain Rabi oscillations perturbed by resonator fi
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Time domain Rabi oscillations perturbed by resonator fi
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Rabi oscillations in the noise spectrum ?
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Rabi oscillations in the noise spectrum
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Time domain Rabi oscillations: « real-time » mode and
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Rabi oscillations in the noise spectrum
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Rabi oscillations in the noise spectrum
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Rabi oscillations in the noise spectrum
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Bell inequalities in time of a single degree of freedom

Projective measurement on a statistical ensemble: Garg-Legett (1985)
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Not true for a quantum system: large




Violation of Bell inequalities in time with a single spin

Weak continuous measurement during continuous Rabi oscillation
Korotkov (2000)
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Experimental violation of Bell inequalities ?
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more work needed...



Conclusion and perspectives

Quantum dynamics/measurement in a circuit QED setup

- Quantitative understanding of dephasing of Rabi oscillations

during measurement

- Rabi peak in the noise spectrum : coherent
dynamics after steady-state reached

- Rabi spectra : from diffusive Rabi oscillations
to quantum jumps. Quantitative understanding

-Towards a violation of a weak measurement version
of Leggett-Garg inequality?
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- Towards quantum feedback experiments with single quantum system ?

Need quantum-limited amplifier

Superconducting circuits based on Josephson junctions
guantum mechnically: a new test bench for Quantum ph ysics?

can really behave



