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In the last few years several experimental realizations of an atom laser have been achieved. From the experimental point of view the challenge was to design an appropriate output coupling mechanism by means of which atoms are transferred out of a Bose-Einstein condensate in a trap, forming a coherent atomic beam, see e.g. [1,2,3].





The theoretical treatment of an atom laser requires the description of the atomic degrees of freedom as well as of their coupling to various reservoirs. Usually this analysis is performed on the level of the Born-Markov approximation, as it is the case in the theoretical description of the dynamics of optical lasers. With the help of a simple model for an atom laser it was recently shown, that for atom lasers this approximation fails [4].





A systematic approach to study deviations from the Born-Markov approximation is provided by the time-convolutionless projection operator technique [5,6]. This technique leads to exact atomic master equations which are  local in time. By means of a systematic perturbation expansion with respect to the strength of the coupling between atoms and various reservoirs it is possible to study non-Markovian effects.





We investigate a continuous-wave atom laser model which includes gravitational effects and interactions inside the Bose-Einstein condensate. Both the occupation number of the condensate and the spectrum of the atoms coupled out of the condensate are determined. The non-Markovian evolution  is shown to yield substantial deviations from results obtained in the Born-Markov approximation, namely a broadening of the spectrum of the atoms coupled out of the trap.





These results indicate that the time-convolutionless projection operator technique could play an important role in all investigations with the aim to identify uniquely non-Markovian phenomena.
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