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Abstract: The recent years have seen an increasing interest in developing efficient light-
matter interfaces for applications in quantum optics and quantum information networks
[1]. In this context, our group has been investigating the interaction of cold atoms and
photons guided by nanoscale waveguides, an emerging field of research called waveguide-
QED. Waveguides provide a tight transverse confinement of light over a long distance,
allowing to achieve both large optical depth and potentially single pass strong atom-photon
interaction.

I will report different experiments realised in our group based on an optical nanofiber. The initial
experimental setup is shown in FIG. 1. A tapered nanofiber of around 400 nm is interfaced with cold
Cesium atoms in an ultra-high vacuum chamber. An all-fibered optical memory at the single-photon
level was implemented using dynamic EIT [2] and an efficiency of storage/retrieval of 10% was obtained.
By tuning the distance between the atoms, the Bragg condition can be achieved (i.e. the distance is
nearly half the resonant wavelength). We demonstrated large chiral Bragg reflection [3], as high as 70%,
by the arrays of trapped atoms.

The recent result of the group was to successfully herald, store and retrieve a single collective atomic
excitation [4]. Following a first ’write’ coherent pulse in free space, we heralded the creation of the
collective excitation by detection of a single Raman scattered photon in the waveguide. After a few
microseconds, we were able to retrieve this excitation by sending a ’read’ coherent pulse, leading to the
emission of a single photon in the guided mode of the nanofiber. We assessed the single-character of the
collective excitation by measuring non-classical correlations between the two emitted photons, as well as
the antibunching in the g(2) function of the emitted heralded single photon.

In this system, we are currently working towards observing non-linear effects, even in the weak coupling
regime of tthe experiment. I will report on ongoing efforts on increasing the optical depth of the atomic
arrays and on controlling precisely the state of the trapped atoms, via optical pumping in the dipole trap.

FIG. 1. (a) Experimental setup.
An external ’write’ pulse create a
collective atomic excitation, wich
can be heralded by a single pho-
ton in the guided mode of the
nanofiber and subsequently read
out as a single photon in the
guided mode using another free-
space ’read’ pulse. These single
photons are filtered and then de-
tected with APDs.
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