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Atom-Light interfaces on an 
atom chip

We combine the flexibility of an atom chip in manipulating cold atom clouds with direct access of optical devices to atomic 
and matter wave quantum states by integrating micro- and nano-optics on the chip. We present a high-efficiency fibre-based 
single atom fluorescence detector situated along an elongated atom trap to measure in-situ densites and atomic correlations 
in both position and momentum space. A second device makes use of microfabricated spherical mirrors in order to further 
increase the detection efficiency. Finally, the setup includes two tapered nano-fibres, one with a Bragg mirror cavity, at the 
position of the atom cloud which will allow us to perform light storage and cavity QED experiments with an ultracold atomic 
ensemble.
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Scaling of light-matter 
interfaces

Scalability of light-matter interfaces is an important step on a path towards large-scale quantum devices. Here we will 
describe the creation of an array of independently tuneable optical microcavities with small mode volume and high finesse. 
The fabrication, characterisation and optimisation of the devices will be discussed, as well as their current limits in 
performance and size scaling. We will furthermore show how these microcavities can be used to form arbitrarily large arrays 
of highly efficient light-matter interfaces in conjunction with solid-state emitters, trapped ions and cold atoms.
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Cqed with nanofibers We present an experimental apparatus in which we combine a nano-fibre based Fabry-PASrot micro-resonator with an atom 
chip. The resonator consists of a tapered optical fibre with a sub-wavelength diameter waist, and two fibre Bragg gratings. It 
provides a high quality factor and low mode-volume making it attractive for non-linear optical applications such as high- 
cooperativity CQED. The resonator is placed on an atom chip which enables us to create highly anharmonic magnetic atom 
traps, with which it is possible to produce ultra-cold ensembles or Bose-Einstein condensates in a quasi-one-dimensional 
regime. This unique system will allow the exploration of a realm of inventive physics, such as the realization of strong 
nonlinear interactions between individual photons, quantum phase transitions of a superfluid gas in an optical cavity or even 
fermionization of the quantum light field in a one-dimensional medium, to name a few.


