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Enhancing the interaction between quantum emitters and light is an ongoing quest in quantum physics. The realization
of efficient photonic nanostructures has led to remarkable progress in manipulating single quanta of light and matter [1].
Here we demonstrate another approach to enhancing light-matter interaction [2], single-photon superradiance (SPS), which
is achieved by storing a single quantum of energy in the collective state of a large quantum dot (QD). The superradiant
state is prepared deterministically with a laser pulse and leads to the generation of a single photon with near-unity proba-
bility. Our work emphasizes the extraordinary potential of large QDs for improving the radiative efficiency, coherence, and
quantum nonlinearities of single-photon sources that may readily be embedded in nanophotonic quantum devices.
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Fig. 1 (a) SPS in an atomic ensemble, where the mesoscopic dipole originates from a constructive interference of atomic wavefunctions.
(b) In a large QD, the elementary excitation is an electron-hole pair whose electrostatic attraction is stronger than the QD quantum
confinement. (c) Time-resolved decay of an optically excited electron-hole pair inside the large QD. An excellent fit (yellow line) of
the theoretical model to the data (black dots) is obtained. The extracted radiative rate of (8.3±0.1) ns−1 is deeply in the superradiant
regime (green area). Inset: The single-photon nature of the emission is demonstrated in a Hanbury-Brown-Twiss experiment from which
a zero-time correlation function of g(2)(0) = 0.13 is found.

The hallmark of SPS is a collective quantum state |Ψ〉 = 1√
N ∑ j

∣∣g1g2...e j...gN
〉
, where N is the number of emitters,

the j-th emitter is in the excited state |e〉, and all others in the ground state |g〉. The remarkable property of |Ψ〉 is that
it couples to light N times stronger than a single emitter. Previous experiments have investigated SPS in non-interacting
atomic ensembles [4], where excitations are localized to a single emitter at a time, cf. Fig. 1(a). Here we explore SPS
in a strongly interacting quantum system. Our mesoscopic ensemble is a monolayer-fluctuation QD with a quantum-
confinement energy smaller than the electron-hole electrostatic attraction. We show that the fundamental excitation in
such a system has a superradiant character with the wavefunction ΨQD(R,r) = ∑ j c(R j)φX(R−R j,r), where c is a slowly
varying envelope, r (R) is the relative (center-of-mass) electron-hole coordinate, the index j runs over the unit cells of the
QD, and the internal electron-hole dynamics is governed by φX. The state ΨQD is in a spatial superposition of excitations
as illustrated in Fig. 1(b) and is a generalization of SPS.

The experimental evidence of SPS is an enhanced radiative emission rate beyond the threshold imposed by conventional
(i.e., small) QDs. The time-resolved decay is illustrated in Fig. 1(c), which is analyzed using a recently developed model [2]
exploiting the fine structure to discriminate between radiative and non-radiative processes. The extracted oscillator strength
of 72.0±0.8 is far beyond the upper limit of 17.4 of conventional QDs. We can faithfully reconstruct the wavefunction
ΨQD and find a quantum-dot diameter of 24 nm enclosing 90,000 atoms. The superradiant enhancement is limited by the
base temperature of our cryostat (7 K) and may lead to oscillator strengths above 1000 at sub-Kelvin temperatures [2].

The subtle interplay between size and symmetry may cause other mesoscopic effects in large QDs. It has been shown
recently that In(Ga)As QDs may break the electric-dipole theory and couple to the magnetic field of light [5]. Microscopi-
cally, this is caused by the lack of parity symmetry of the electronic wavefunction [6].
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