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Quantum communications bring together different emerging technologies using the laws of quantum mechanics in
order to exchange inviolable encrypted keys. Several proofs of concept have been shown using single photons emitters
such as molecules1,2, NV centres in diamond3,4, semiconductors nanocrystals5, 6 or self assembled quantum dots7. For
instance, entanglement at room temperature between two NV centres has been reported recently8. One can also
mentioned the quantum teleportation of a single photon emitted by a single self assembled quantum dot9,10.
Nevertheless, all these very nice experiments have been performed at wavelengths ranging from the visible to near
infrared (~900nm). The deployment of quantum information technology outside the laboratory, such as long distance
quantum cryptography, requires the development of quantum emitters working at telecommunication wavelengths
(1.3mm or 1.5 mm). In order to reach these wavelengths, one possibility is to use parametric conversion. Nevertheless,
these complicated processes may encounter large losses (up to 50%). Another possibility is to use attenuated laser or
parametric sources. However, these sources do not provide single photon states and the probability of producing two
(or more)-photon states limit the fidelity of the communication. Therefore, the most efficient way to obtain such
quantum light sources would be to use single emitters which emit single photons at telecommunications wavelengths.
First, self assembled InAs/InP quantum dots emit single photons in this spectral range. Nevertheless, their growth is not
as controlled as the one of InAs/GaAs quantum dots (emission at ~900nm). Moreover, quantum states delivered by
these sources are not pure enough in terms of unicity of the emitted photons, indistinguishability and entanglement.
During this internship, and the thesis that follows, we will explore one alternative: single wall carbon nanotubes.
Indeed, it has been shown recently that carbon nanotubes could be single photon sources11,12,13. This observation opens
a whole field of research in quantum optics of this 1D object. This internship will address the question of the origin of
the antibunching behaviour of the nanotube emission. The applicant will study the statistics of light emission of carbon
nanotubes using a microphotoluminescence experiment coupled with a Handbury-Brown and Twiss setup in the near
infrared. Cryogenic techniques will be used to study the influence of temperature on these statistics (from 10 K to
300K). These experiments can be compared to ultrafast optical experiments also conducted in the lab. Finally, the
applicant will use and develop theoretical models related to the above experiments. The applicant should have a good
knowledge of solid state physics and optics.
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