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 The high level goals of this deliverable are reports on architectures for quantum repeaters and 
their optimisation to maximise throughput, along with reports on advancements made during 
the project for entanglement distribution architectures and protocols, and their potential for 
application in quantum networks. A significant range of published reports comprise the results 
that constitute this deliverable, performed over the complete duration of the project. New 
proposals have been put forward and researched, providing detailed studies of architectures, 
new enabling technologies and strategies/protocols for long distance entanglement 
distribution and networking. All these deliverable report contributions are outlined below, but 
with emphasis placed on the work not reported in detail in previous reports. 
New enabling technologies:  

Loss-resistant state teleportation and entanglement swapping using a quantum-dot spin in an 
optical microcavity has been proposed, studied and reported. The proposed schemes could be 
realised with current technologies. Unit fidelity and >10% efficiency should be achievable 
with weak coupling, and near unit fidelity and >35% efficiency with strong coupling. (See 
publication report [HR1-11].)  
Quantum repeater systems utilising atomic ensemble and linear optics technologies have been 
comprehensively studied, reviewed, analysed in detail and reported. (See publication report 
[SSR2-11].)  
Strategies/protocols:  

A strategy for device-independent quantum key distribution (DIQKD) using heralded qubit 
amplifier technology has been proposed, studied and reported. A key feature of this approach 
is the use of a Bell test to verify long distance entanglement. (See publication report [GPS1-
10].) A very significant extension of this work has been made and reported in [MRS1-12]. 
Here heralded qubit amplifier technology is applied in a quantum repeater scheme. The 
scheme relies on an on-demand entangled-photon pair source, which is built upon on-demand 
single-photon sources, linear optical elements and atomic ensembles. Very conveniently, the 
imperfections affecting the states created from this source (caused e.g. by detectors with non-
unit efficiencies) are systematically purified through an entanglement swapping operation 
based on a two-photon detection. This feature allows the distribution of entanglement over 
very long distances with a high fidelity, i.e. without vacuum components and multiphoton 
errors. As a consequence of this, the resultant quantum repeater architecture does not 
necessitate final post-selections and is thus able to achieve very high entanglement 
distribution rates. This work also provides unique opportunities for device-independent 
quantum key distribution over long distances with linear optics and atomic ensembles. 
The key on-demand entangled source is described in figure 3 below reproduced from [MRS1-
12]. A schematic of the whole repeater system is shown in figure 4 below reproduced from 
[MRS1-12]. A benchmarking distance of 1000 km is often used to illustrate quantum repeater 
performance (a useful long distance that cannot be reached without repetition). Table 1 
reproduced from [MRS1-12] demonstrates that high fidelity states can be distributed over this 
distance with the scheme. 
 



 
 

 
 
 

Architectures:  
An architecture for establishing long distance entanglement through a quantum repeater 
network based on the rapid firing of repeater nodes has been proposed, studied and reported 
(see publication report [MHS1-10]). This architecture requires a number of qubits at each 
node that scales only polylogarithmically with the communication distance. This “transmitter 
redundancy” at each repeater node is illustrated in Figure 1 below reproduced from [MHS1-
10]. For the benchmark 1000 km overall distance, this repeater architecture could achieve 
~2500 entangled pairs per second using a node separation of 40 km, a figure that compares 
very favourably with other schemes. Another appealing feature of the proposed scheme is that 
it only requires memory coherence over the round-trip communication time between adjacent 
nodes, rather than the full network. For detailed comparisons, see the discussion section of 
[MHS1-10].  



 

 
Finally, a review of quantum communication technology, including perspective on the aspects 
of such communications that rely on long distant entanglement has also been reported (see 
publication report [GT1-10]). 
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