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            Abstract
A critical requirement for diverse applications in quantum information science is the capability to disseminate quantum resources over complex quantum networks1,2. For example, the coherent distribution of entangled quantum states together with quantum memory (for storing the states) can enable scalable architectures for quantum computation3, communication4 and metrology5. Here we report observations of entanglement between two atomic ensembles located in distinct, spatially separated set-ups. Quantum interference in the detection of a photon emitted by one of the samples projects the otherwise independent ensembles into an entangled state with one joint excitation stored remotely in 105 atoms at each site6. After a programmable delay, we confirm entanglement by mapping the state of the atoms to optical fields and measuring mutual coherences and photon statistics for these fields. We thereby determine a quantitative lower bound for the entanglement of the joint state of the ensembles. Our observations represent significant progress in the ability to distribute and store entangled quantum states.
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                    Figure 1: 
                        An overview of our experiment to entangle two atomic ensembles is shown.
                      


Figure 2: Coherence between the atomic ensembles  L, R  induced by a measurement event of the fields 1L and 1R at detector D1a or D1b.


Figure 3: 
                        Inference of the concurrence 
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                         (a) and density matrix 
                         (b) at the three locations 
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                         indicated in Fig. 1b.
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Quantum qubits: total recall
Two groups this week report a significant step on the long road to quantum computing: the storage and retrieval of single photons onto and from atomic quantum memories. ChaneliÃ¨re et al. produced single photons from an atomic quantum memory in one lab, transported them through a 100-metre-long optical fibre and stored them for a time in a second memory. The atomic excitation was then converted back into a single photon. Previously, weak coherent laser pulses have been stopped and retrieved in atomic media, but single photons are ideal for realizing quantum bits. Eisaman et al. report a similar approach, using the coherent control technique known as electromagnetically induced transparency for the generation, transmission and storage of single photons. A third paper reports progress in another technology critical for quantum communication and computation: the storage and distribution of entangled quantum states. Chou et al. have achieved entanglement between two samples of atoms separated by 2.8 metres that jointly store one quantum bit of information.
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