Coherent control of quantum states in a Cooper-pair box
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A Cooper-pair box is a small superconducting electrode connected to a reservoir via a Josephson junction. By means of the charging effect, the fluctuation (due to the Josephson effect) in the number of Cooper pairs in the box is limited to one at most. The two different charge states corresponding to the superconducting ground states with each number of Cooper pairs in the box constitute an artificial two-level system in the mesoscopic solid-state circuit. In the previous conference (MQT&C’98), we reported observation of energy-level splitting due to the coherent superposition of the two charge states; that was a result of a frequency-domain experiment, i.e., photon-assisted Cooper-pair tunneling spectroscopy [1].


Complementary time-domain experiments will be discussed in this talk. By using a high-speed gate-voltage pulse, we controlled the quantum states of the two-level system nonadiabatically, and observed coherent oscillations between the two charge states [2]. Rabi oscillations in the presence of microwave irradiation were also observed. The Cooper-pair box should be a useful device for studying the properties of a driven two-level system.
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