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We present a theoretical and experimental study of exciton recombination dynamics and the related
polarization of emission from asymmetric nanostructures [1]. To illustrate the effects of size and
geometry we use an example of application-relevant InAs/AlGaInAs elongated quantum dots
(QDs) emitting at telecom wavelengths. They offer broadly varied carrier/exciton confinement
conditions defined by shallow confinement for holes and the broken structural symmetry. We
show that a transition from the strong through intermediate to even weak confinement regime can
be obtained in such structures with a critical impact on emission dynamics and polarization [2].

Results of polarization- and time-resolved photoluminescence (PL) from such structures could
not be understood based on treatment known from typical QDs. Thus, we performed a theoretical
analysis of both the system in question and the impact of experimental conditions on its response.
We divide these considerations into comprehensible reasoning within simple approximations and
detailed modeling of the system followed by calculation of exciton states and their properties.

Using the available morphological data, we modeled structures of various geometry and
performed a detailed study of the morphology’s impact on both single-particle and exciton states
as well as the resulting optical properties. We found a dispersion of exciton lifetime different
from that typically observed in smaller symmetric objects. It has to be analyzed in terms of two
distinct lifetimes for exciton bright states, which differ substantially due to the asymmetry-induced
light-hole admixture combined with the anisotropic electron-hole exchange interaction. In addition,
both lifetimes are strongly driven by the increased and varying role of Coulomb correlations.

Moreover, polarization depends not only on the exciton states but also on excitation conditions
in PL experiments. The latter is manifested mainly in a strong dependence on excitation power due
to the dark-exciton activity. Thus, the degree of PL polarization does not fully reflect the intrinsic
exciton-light coupling properties. We propose a way to determine the latter based on resolution
of the two decays in the time-resolved PL. This not only supports the available experimental
data, but essentially delivers a method of their proper interpretation and reliable extraction of
the information on the system kinetics and polarization of emission. Importantly, we are able to
characterize exciton states based on a single unpolarized time-resolved PL trace.
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