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Cavity quantum electrodynamics (CQED) addresses the properties of atom-like emitters such as InAs/GaAs
quantum dots (QDs) strongly coupled to a single light mode in a microcavity. QD excitons not only interact
with the cavity photons, but also with their solid-state environment [1]. Common approaches to treat several
interactions rely on a perturbation approach often within the Markovian approximation. Here, we investigate
theoretically the photon statistics and phonon signatures in quantum light emission from a QD based on a non-
perturbative equation of motion approach [2]. Our model includes non-Markovian effects in the calculation of
the combined electron, photon, and phonon dynamics [3].
In Fig.(a), the absorption spectrum α(ω ,∆) for different detunings ∆ is depicted for a temperature of 300 K. For
the case of a detuning between the QD and the cavity mode of an LO-phonon frequency, LO-phonon assisted
cavity feeding is visible and additional strong coupling signatures (anti-crossings) appear in the spectrum (at
2 and 3). Remarkably, phonon-induced anharmonicities in the photon density dynamics prove the mixing of
transition and phonon sidebands dynamics beyond the Markovian limit. At elevated temperatures, a temporal
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beating occurs in the photon density dynamics and the photon statistics is degraded from an initially thermal
distribution into the anti-bunching regime [3]. The photon statistics, experimentally accessible via the intensity-
intensity function g(2)(t,0), is strongly affected by the presence of the LO-phonons. The average value of the
g(2)(t,0)-function is reduced from 1.1 at 3 K within the bunching regime to 0.8 at 300 K, the anti-bunching
regime. This result is depicted in Fig. (b) for 3 K and (c) for 300 K. The occurrences of a given g(2)(t,0)-value
is plotted, taken from the time traces over a time interval chosen so that further increase in measurement time
does not change the basic shapes of the shaded regions. For 300 K, the occurence of g(2)(t,0)-values larger
than 1 is drastically decreased. The energetically flat phonon dispersion imparts regularity in the beating of the
different Rabi oscillations and introduces hereby non-classical features into the light field.
We propose in our presentation more experimental studies of quantum optical properties in semiconductor
nanostructures [1] and provide a fully solvable quantum mechanical model to investigates such properties,
which is extendable to further interaction schemes [2].
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