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We investigate decoherence properties of a device consisting of a highly trans-missive quantum point contact (QPC) embedded in a small superconducting loop, for-ming a non-hysteretic rf-SQUID (Andreev level qubit) [1]. Quantum information is encoded in a quantum state of a single pair of low energy Andreev levels in the QPC, whose dynamics creates quantum superpositions of clockwise and counter clockwise persistent currents in the loop. The system is manipulated by driving magnetic flux through the loop, and measured by measuring the induced magnetic flux, or the persistent current. According to our calculations, this qubit may have very good decoherence characteristics.
We consider the two sources of decoherence: interaction of the Andreev levels with environmental electromagnetic fluctuations, and with acoustic phonons in the superconducting leads. The first mechanism is studied for a particular measurement setup consisting of a large Josephson junction added to the qubit loop (similar to the quantronium [2]), whose resonant frequency is probed with an rf signal. 
We derive and analyze a kinetic equation for the density matrix of the supercon-ducting quasiparticles in the QPC, which includes the relaxation processes within the Andreev level subsystem as well as and the quasiparticles transitions between the AL and the extended states of the superconducting bands. Because of the small relevant frequencies, on the scale of the superconducting energy gap, the amount of nonequili-brium quasiparticles in the band is small, and the interlevel relaxation within the And-reev subsystem plays a major role. The latter has an interesting property, quite differ-ent from the kinetics of the spin-like macroscopic superconducting qubits: due to the fermionic nature of the Andreev levels and the Pauli exclusion principle, the relaxati-on is described by a non-linear equation. This leads to a much slower, power-law time dependence of the relaxation at temperatures smaller than the Andreev level spacing. The effect of the environment could be further significantly reduced by choosing the measurement junction with large plasma frequency compared to the qubit frequency. 

The interaction with phonons does not induce pure dephasing. Furthermore the relaxation rate is found to be much smaller than the electron-phonon relaxation rate in bulk superconductors [3]. The reason for this is the fact that, since both the Andreev levels belong to the same normal conducting mode, the phonon-induced  interlevel transitions are only allowed in the small volume of the QPC, where the transverse size of the spreading out Andreev state wave function is comparable to the phonon wave vector.
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