
Quantum Optics in diamond. 
 
 
 
The team « Optique cohérente et non-linéaire » at 
the Laboratoire Pierre Aigrain have been studying 
artificial atoms isolated in a solid state system and 
mastering the use of their quantum properties for 
decades. A new activity sets-up in the group which 
will investigate defects in diamonds, composed of 
one atom coupled to a vacancy in the crystalline 
structure. The whole system behaves as a quasi-
ideal single atom that is detectable optically via 
confocal microscopy. 
 
The project will consist in setting-up the optics 
around the defect in diamond to control its 
coupling to vacuum fluctuations (see the figure). 
 
Quantum electrodynamical effects with a colored 
center in diamond will be investigated in detail. A 
so-called « half cavity » set-up will be built for 
which the local density of the vacuum fluctuations around the focal point is strongly modified even 
if the distance between the atom and the mirror is several centimeters. The goal is to measure with 
precision QED effects that have been observed with single atoms, such as the modification of the 
Lamb shift and the rate of spontaneous emission of a single colored center [1, 2, 3]. 
 
It has been predicted that the vacuum fluctuations can be cancelled when the half-cavity that has a 
numerical aperture close to unity [4] even with a distant mirror lying in the far field. For a thesis, 
with the new set-up , the team will have the opportunity to get close to this regime and to 
completely control the electromagnetic environnement of the coloured center. The quality of the 
optical system, together with the zero-phonon line linewidth will be caracterised at low 
temperatures and the use of the defect, not only for fundamental quantum optics, but also for 
quantum communication and metrology will be investigated. 
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Figure 1 : Half-cavity used to induce a modification of the 
vacuum fluctuations. 


