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Quantum mechanics provides a mechanism for absolutelyeseommunication betwee
remote parties. For distances greater than 100 kilometerstdjuantum communicatic
via optical fiber is not viable, due to fiber losses, and intgtiate storage of the qua
tum information along the transmission channel is necgs3dis lead to the concept
the quantum repeatér Optically thick atomic ensembles have emerged as an tiis
paradigm for qubit entanglement generation and distrdmytoffering dramatic practics
advantages compared to single-particle qubitslamely, efficient quantum state trans
between ensemble-based qubits and single photons can ieeetin free space withot
the need for a high-finesse cavity by utilizing a very wealeriattion at a single phc
ton/single atom level.

The first realization of coherent quantum state transfenfaonatter qubit to a photon
qubit was achieved using cold rubidium at Georgia Tech in42Q@ollowed by the first
light-matter qubit conversion and entanglement of remtiigi qubits in 2003.

A scheme to achieve long-distance quantum communicatite @bsorption minimur
of optical fibers, employing atomic cascade transitions, heen proposed and its critic
elements experimentally verified In order to boost communication rates, a memc
insensitive multiplexed quantum repeater has been prdgose

Further advances relevant to atomic ensemble based quaraiworks include: Bel
inequality violation between a collective atomic qubit anphotorY, storage and retriev:
of single photon$, collapses and revivals of quantum mem&#), deterministic single
photon sources based on quantum measurement, quantum ynemadrquantum feec
back!!, Hong-Ou-Mandel interference of photon pairs from two ipgledent ensemblé$
robust entanglement of two-isotope matter qubits and aqulight qubits™>.

We will present recent experimental progress and outlingéudirections.
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