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Generation of single indistinguishable photons from resonantly-driven semiconductor quantum 
dots 
 
The project relies on the experimental study of the resonance fluorescence of semiconductor 
InAs quantum dots by optical spectroscopy and quantum optics experiments. 
 
The semiconductor quantum dots are nanostructures where the three-dimensional electron 
confinement leads to a discrete energy spectrum comparable to that of atoms. This analogy with 
atomic physics currently stimulates the development of cavity quantum electrodynamics experiments 
in devices based on single quantum dots. In particular, these nanostructures are promising for 
achieving integrated indistinguishable single photon sources for eventual applications in quantum 
information. The most natural idea to develop such sources is to exploit the resonance fluorescence of 
the two-level system that constitutes the fundamental excitonic transition of a quantum dot.  
With an original setup based on an orthogonal excitation-detection geometry which allows the 
selective study, at low temperature, of a single quantum dot inserted in a planar microcavity or in a 
photonic wire, the quantum dots are resonantly-driven in order to minimize the decoherence processes 
due to the coupling with their environment [1-3]. The photons are then emitted one by one and present 
high degrees of indistinguishability.   
The objective of our work is to study the photon indistinguishability in the rarely studied resonant 
Rayleigh scattering regime where the QD emission spectrum can be much narrower than the natural 
linewidth imposed by the radiative limit while still exhibiting sub-Poissonian statistics [1]. We have 
recently shown in this regime that photon indistinguishability can be tuned by the excitation laser to 
unprecedented values in the same way of the photon coherence time [4]. The internship will consist in 
implementing interferometric and quantum optics experiments on order to distinguish the resonant 
elastic and inelastic components of the resonance fluorescence emission of a single QD and give a 
comprehensive study of the photon emission statistics and indistinguishability for both components.  
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Methods and techniques: Optical spectroscopy (photon counting spectroscopy, confocal microscopy, 
time-resolved spectroscopy, Fourier-transform spectroscopy) – Quantum optics experiments (one- and 
two-photon interference experiments) – Cryogenic techniques – Lasers. 
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