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The investigation on the quantum properties of the light emitted by nanoscale objects has 
been brought to the forefront of scientific interest due to the need to develop new devices for 
future Quantum Information technologies. In particular, the development of single-photon 
emitters has attracted much attention in the last decades, and nowadays many different 
systems have been found showing antibunching of the emitted photon pulses (color centers in 
diamond, functionalized carbon nanotubes, etc.) Single-photon emission is a fundamental 
quantum effect and, alongside the pure technological interest, developing single-photon 
sources is also envisaged to open new research avenues for the characterization of nanoscale 
matter. 

Another set of quantum effects that have recently attracted the attention of the scientific 
community are those related to the regime of strong light-matter coupling. In the strong light-
matter coupling regime, the optical modes in a nanocavity (photons or plasmons) become 
inextricably linked to the excited electronic states of the matter inside the cavity (excitons), 
leading to a plethora of physical effects from Rabi oscillations to thresholdless lasing. For these 
effects to be observed it is important that the photon and matter modes occur at very close 
energies, in order to maximize the hybridization between them. Systems in which this regime 
is achieved are expected to play a key role in many future technologies as, for example, 
sources of entangled photons for quantum information processing, or light amplifiers and 
repeaters. 

The aim of this project is to study the possible quantum properties of the light emitted by 
injection of current between the tip and the sample in a Scanning Tunneling Microscope 
(STM). We are particularly interested in characterizing the time-lapse between the emission of 
two consecutive photons (single-photon emission) due to the injection of current into an 
organic molecule decoupled from the metallic substrate by an ultra-thin insulating layer by 
adding a Hanbury-Brown-Twiss interferometer to the already operational light-collecting 
system of our STM. On the other hand, we are also interested in the characterization of the 
coupling between the plasmonic modes in the metallic nanocavity between the tip and the 
sample of the STM and the excitonic modes of the individual molecular emitters placed at the 
cavity. For strong enough coupling, we would expect a Rabi splitting in the emission spectra 
with energy differences that must depend on the tunneling parameters. In order to explore 
this possibility, we will choose our molecules among those which are expected to have a rather 
strong bond with the insulating thin film. These experiments will improve our current 
understanding of the properties of light emitted in tunnel junctions, and can lead to new 
device architectures for single-photon emitters, which are essential for the development of 
Quantum Information Technologies, or nanolasers with a negligible power threshold 
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