Josephson junction quantum bits and the quantum measurement process
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Several realizations of quantum bits have been proposed.  We suggest to use low-capacitance Josephson junctions.  They combine intrinsic coherence of the superconducting state with the possibility to control single charges by Coulomb blockade effects.  These systems constitute (charge) qubits, with two logical states differing by one Cooper pair charge on a superconducting island.  In a design with SQUID-controlled Josephson couplings [1,2] the qubit's hamiltonian can be switched off and on.  In this circuit interqubit interaction can also be controlled, independently for each pair of quantum bits.  Elementary quantum logic operations on one or two qubits can be performed by applying a sequence of voltage and current pulses.  Coupling to the environment limits the time of coherent evolution.  We estimate the coherence time to be long enough to allow a series of elementary steps.  A single-qubit operation in this system has been recently demonstrated experimentally by Nakamura et al.  [3]. We also discuss a ``dual'' design based on classical Josephson junctions where the phase/flux degree of freedom is utilized to store and process quantum information. Similarly to the charge qubits, we propose a design of a many-qubit register where qubits are coupled via an oscillator mode. This allows one to control interactions using the same control lines as for individual qubits. We also estimate the effect of electromagnetic environment on the qubits' evolution [4]. In addition to manipulations the final state of qubits should be read out. Such quantum measurement process can be accomplished by coupling a single-electron transistor to charge qubits or a SQUID to flux qubits. We study this process by investigating the time evolution of the density matrix of the coupled system of qubit and meter. This evolution is characterized by three time scales. On a fast dephasing time scale the meter destroys the phase coherence of the qubit's state. After a longer time the resolution becomes sufficient to deduce the information about the initial quantum state of the qubit from the output signal of the meter. On a third, ``mixing'' time scale the measurement-induced transitions between qubit's eigenstates destroy the information about initial occupations of these eigenstates (i.e. about the initial qubit's state). We study the statistics of the output signal and demonstrate that these time scales can also be determined from its noise spectrum [5]. 
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