Adiabatic passage in superconducting nanocircuits
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The rapid experimental progress in the field of superconducting nanocircuits gives rise to an increasing quest for advanced quantum-control techniques for these macroscopically coherent

systems. 

Here we demonstrate theoretically that stimulated Raman adiabatic passage (STIRAP) should be 

possible~[1] with the quantronium setup of a Cooper-pair box[2]. 

STIRAP is a powerful method in quantum optics~[3] which has remained largely unknown to solid-state physicists.  It is used to achieve highly efficient andcontrolled population transfer in (discrete) multilevel quantum systems. In this presentation, we explain the idea of the method and discuss the control and design requirements for the implementation of the Hamiltonian in a superconducting 

nanodevice and describe examples of controlled quantum dynamics by applying adiabatic passage. 

We show that STIRAP can be optimally realized in a single superconducting charge-phase nanodevice used as a qutrit, whereas it is surely more demanding in other implementations.

The scheme appears to be robust against decoherence. We discuss effects of quantum noise and of low-frequency noise, which present novel aspects with respect to the usual 

scenario in quantum optics. 

Apart from other potential applications in solid-state physics, adiabatic passage offers interesting possibilities to manipulate qubit circuits. As an application we present a realistic method to generate single-phonon states of a nanomechnical resonator by vacuum-stimulated adiabatic passage with the 

superconducting nanocircuit coupled to the resonator~[1]. 
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