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Taming individual atoms and photons
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Individual atoms and photons are ideal systems for quantum information processing. For example, trapped atoms can be used to store quantum information in long-lived internal or motional states. Single photons allow one to reliably transmit quantum information with the speed of light. To exchange quantum information between atoms and photons in a future quantum network, a light-matter interface is needed. It requires full control over the atom's internal degrees of freedom, the atom's motion and its radiation properties. All these tasks can simultaneously be addressed by using state-of-the-art techniques from cavity quantum electrodynamics (QED). 

The talk introduces basic properties of cavity QED in the optical domain and reviews some of the most spectacular recent achievements. For example, it is now a standard technique to observe in real-time a single laser-cooled atom slowly moving between two highly reflecting mirrors [1]. The atom can be captured and trapped in a light field containing less than one photon on average [2]. The atom's motion can be manipulated and its residence time in the light field can be increased by means of feedback control [3]. Moreover, an adiabatic passage technique can be used to generate photons without atomic excitation [4]. This allows one to emit on demand a bit stream of mutually coherent single-photon pulses [5]. Such photons are ideal for all-optical quantum information processing [6]. 
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Advertisement:

State-of-the-art cavity quantum electrodynamics allows one to increasingly tame individual atoms and photons. For example, the motion of a single atom can be manipulated by means of real-time feedback control, and highly efficient single-photon light sources can emit a bit stream of single photons on demand for all-optical quantum information processing. 

