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Entanglement plays a central role in fundamental tests of quantum mechanics as well as 

in the burgeoning field of quantum information processing. Particularly in the context of 

quantum networks and communication, a major challenge is the efficient generation of 

entanglement between distant stationary (spin) qubits. Here, we report the realization of 

heralded quantum entanglement between two semiconductor quantum dot spins separated by 

more than five meters. Our results extend the previous demonstrations of distant spin 

entanglement in single trapped ions or neutral atoms, in atom ensembles and nitrogen 

vacancy centers to the domain of artificial atoms in semiconductor nanostructures that allow 

for on-chip integration of electronic and photonic elements. Moreover the efficient spin-

photon interface provided by self-assembled quantum dots[1] allows us to reach an 

unprecedented rate of 2300 entangled spin pairs per second, which represents an 

improvement of four orders of magnitude as compared to prior experiments[2].  

The entanglement generation scheme relies on single photon interference of Raman 

scattered light from both dots[3]. A single photon detection projects the system into a 

maximally entangled state. We developed a delayed two-photon interference scheme that 

allows for efficient verification of quantum correlations. Our results lay the groundwork for 

the realization of quantum repeaters and quantum networks on a chip.  

 

 

 

Figure 1 : (a) Energy level of the quantum dots. The two optically generated hole ground states serves as the 

stationary qubit to be entangled; (b) Quantum correlations of the generated entangled state, determined by the 

normalized two-fold coincidences between the scattered photons during the entanglement generation pulse and a 

non-local measurement pulse. (c) Classical correlations, measured by three-fold coincidences between photons 

detected during the entanglement pulse and two measurement pulses, performing measurement of the four 

combinations of the spin eigenstates.  

 

 

[1] W.-B. Gao et al., Nature 491, 426 (2012) 

[2] L. Slodička et al., Phys. Rev. Lett. 110, 083603 (2013)  

[3] C. Cabrillo et al. Phys. Rev. A 59, 1025 (1999) 

-1 0 1 2 3 4 5 6 7 8

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

 

 

 data

 sine fit

ra
ti
o

pulse duration (arb. u.)

F
x
 = 29.8 ± 2.6 %

180 min

0.13 /s

0

19

37

56

74

93

112

0.0

0.1

0.2

0.3

0.4

0.5

0.6

total fidelity = 55.2 ± 3.5 %

 

 

F
Z
 = 80.6 ± 6.6 %

c
o

in
c
id

e
n

c
e

s
 /

 1
0

6
.5

 h

measurement

 coincidences

 ideal case

F = 100 % limit


