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Interaction with acoustic phonons leads to a dephasing of the optical polarization in semiconductor nanostructures. Dephasing in quantum dots (QDs) and QD molecules has been studied by time-integrated four-wave mixing measurements [1, 2]. Recently we have developed a novel approach to solve the coupled exciton-phonon problem and calculated the measured optical response in QDs using the cumulant technique [3, 4].

The phonon-induced dephasing in QDs is due to two basic sources: real and virtual phonon-assisted transitions between excitonic states. Dephasing due to real transitions is always accompanied by the exciton relaxation to other levels. Virtual transitions do not change the level occupation and thus result in pure dephasing.

In the present work we study these two different processes leading to the dephasing in QDs calculating both the optical polarization and the level occupation dynamics. We show that depending on the energy distance between exciton levels in QDs, the dephasing can be dominated by real acoustic phonon-assisted transitions, or by virtual transitions. In particular, for the ground state exciton transition in typical single QDs, virtual processes are the major mechanism of the dephasing, since the energy distances to higher confined states are much larger than the typical energy range of the acoustic phonons coupled to the QDs. In contrast, the energy distance between excited states in QDs and QD molecules can be small thus allowing also real phonon-assisted transitions between the levels to come into play.
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