The interaction of the electrically coupled quantum dot and the nanoresonator
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Using modern technologies it is possible to create and to study mesoscopic quantum systems, that have diverse applications in physics. One of those systems is a qubit – quantum two-level system, the basic element for quantum information processing. Another interesting mesoscopic low-dimensional systems are quantum dots, which can sometimes work act as single-electron transistors.

We study the interaction of a nanomechanical resonator with a coupled single-electron transistor [1]. We assumed that the nanoresonator is slow enough and can be described classically. This means that the nanoresonator and the quantum dot evolve with different timescales. An interesting situation occurs if the oscillations of the quantum subsystem contain a slow component whose frequency is of the order of the resonator's characteristic frequency. For example, this slow component can be the relaxation time of the quantum dot 
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 [2].

We made use of a semiclassical description of the system using a so-called delayed-response method. The nanomechanical resonator slowly drives the quantum dot with the response at a time t determined by the resonator's state at some prior time 
[image: image2.emf]. In this case, the resonator is influenced by both the in-phase and out-of-phase forces exerted to the quantum subsystem. The out-of-phase force causes damping or amplification of the resonator oscillations [3] that can be described in terms of periodic Sisyphus-type processes.

It is interesting that such delayed-response method was used to describe a classical electronic oscillatory circuit with capacitor that was a mechanical resonator [4]. The resonator was also influenced by both the in-phase and out-of-phase forces exerted to the electronic oscillations. There are some analogies between the processes in semiclassical and fully-classical oscillating systems.
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