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Motivated by recent experiments with Josephson-junction qubits [1], we analyze the influence of various noise sources on the dynamics of quantum two-level systems. We focus on the experimentally relevant 1/f and Ohmic noise power spectra. We study decoherence at optimal operation points, where the linear longitudinal coupling to low-frequency fluctuations is suppressed. The remaining quadratic coupling leads to a power-law decay of the free induction signal [2], which compares well with experimental findings. We provide an explanation for the observed relation between the noise at low- and high-frequencies, in terms of a model where a bath of coherent two-level systems is coupled to the qubit [3]. 

We also study relaxation processes of electron spins in quantum dots that are mediated by spin-orbit coupling, and show that higher order contributions provide a relaxation mechanism that dominates in the limit of low magnetic fields [4]. This decoherence mechanism is of geometrical origin. We further observe that in the low-field limit the relaxation processes are dominated by coupling to electron-hole excitations and possibly 1/f noise rather than by phonons.
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