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In our lecture we will provide an introduction to quantum interfaces between light and
matter. We will explain how material degrees of freedom, in particular of cold trapped
atoms, quantum dots, and micromechanical oscillators, can be coupled highly
efficiently to one-dimensional guided modes of light. Such light-matter interfaces can
then be used to interconnect ensembles of atoms and even hybrid setups of atoms
and mechanical oscillators when these systems are coupled to propagating light
fields in a cascaded fashion. In this way it is possible to engineer the quantum state
of distant material degrees of freedom, for example, to cool to quantum mechanical
ground states or to generate entangled states, as well as to engineer the quantum
state of light transmitted through an ensemble of cascaded atoms.
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