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photon autocorrelation function g(2)(✁=0). For a LED, it
takes on a value of 2, for a coherent laser a value of 1, and
smaller values indicate non-classical emission. Fig. 1 illustrates how g(2)(✁=0) allows the identification of the laser
threshold in a seemingly “thresholdless laser”. For this
reason, both the measurement of g(2)(✁=0) via an HanburyBrown and Twiss setup and the calculation in theories beyond rate-equation approximations have become an important tool in the development of new nanolaser devices
[2].

Index Terms—Nanolasers, cavity-QED, photon statistics,
quantum dots, microscopic theory, radiative coupling, superradiance, strong coupling

I. LASING IN THE CAVITY-QED REGIME 1
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of spontaneous emission itself is amongst the
most intriguing and, at the same time, applicationdefining aspects of cavity-quantum electrodynamics (QED).
In tailored dielectric structures, such as photonic crystal or
micropillar cavities, light is confined to the cubic wavelength. Gain material embedded in such tiny mode volume
interacts much more strongly with the electromagnetic
field. The resulting enhancement of the spontaneous emission rate, in combination with small losses, put the realization of lasing with a single quantum-emitter in the solidstate within close reach. At the same time, a large ratio of
coupling strength to dissipation rates is the requirement for
strong light-matter coupling, the ultimate demonstration of
which are vacuum Rabi oscillations— the temporal reflection of a coherent energy exchange between a single photon
and a single electronic excitation [1].
In addition to the presence of strong coupling, the formation of radiatively mediated correlations between several
emitters to one and the same cavity mode is fostered in the
cavity-QED regime. These correlations are the origin of
superradiance, which is emission at an enhanced rate, in
which emitters do not participate individually, but synchronize in phase and act as a collective.
The need for integrable and power efficient nanolasers is
the driving force behind the ongoing miniaturization of
semiconductor lasers. This quest is taking the concept of
lasing into regimes, where new paradigms dictated by cavity-QED effects are responsible for device characteristics
that can strongly differ from that of conventional lasers.
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Figure 1 Input-output characteristics in terms of mean
photon number (left axis) and autocorrelation function
(right axis) versus pump current for a thresholdless
( =1) nanolaser. Figure reprinted from [3].
III. STRONG COUPLING AND LASING
Small mode volumes of nanocavities can accommodate
only few solid-state emitters. To achieve lasing with few or
even a single emitter, their emission into the laser mode
must be enhanced so that gain is sufficient to compensate
losses. This typically implies laser operation in or close to
the regime of strong light-matter coupling.
Strong coupling and lasing are usually observed in different operational regimes. The regime where both effects
intermingle is widely unexplored, but has stirred interest
since it was first reported in a semiconductor nanolaser [4].
Strong coupling is generally identified by the occurrence of
two well-separated peaks in the emission spectrum, the socalled vacuum Rabi doublet. In the presence of stimulated
emission, the vacuum-Rabi doublet is modified and the
established criterion for strong coupling no longer applies.
In [5] we have provided a generalized criterion for strong
coupling and the corresponding emission spectrum, which

II. IDENTIFICATION OF LASING
One consequence of strongly enhanced spontaneous emission is that radiative losses can be made almost irrelevant in
quantum-dot nanolasers. This regime is defined by the
absence of a visible threshold in the input-output curve and
a
factor close to unity (“thresholdless laser”). Distinguishing such a laser from a LED requires the analysis of
fluctuations in the emission as given by the second-order
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