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Quantum repeater



Quantum state transmission
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L Attenuation for fiber transmission
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L Duan-Lukin-Cirac-Zoller quantum repeater

Raman scheme
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Atomic Cascade Transition



Quantum telecommunication using
atomic cascade transitions

(1) Two-photon excitation of alkalis gives telecom A,

(2) Two photons are polarization entangled,

(3) Storage of the idler then gives telecom-matter .,
2
entanglement. * Telecom A
\ J
%, (signal)
4
|
132 mm 6 281/2 tO 5 2P1/2 ] ;
1.37mm 6 2S,, 10 5 ?Py, .:
1.48mm 42Dy, 105 2Py, .
1.53mm  42D.,t052P,, « Infrared A
N
& (idler)
‘ | 4
T. Chaneliere, et al., PRL 96, 093604 (2006) —



Quantum telecommunication using
atomic cascade transitions
 Polarization correlations
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Telecom wavelength conversion



Quantum memory with telecom-wavelength
conversion
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Cascade: noise-initiated emission Vs
L Diamond: input-output




Hamiltonian and field quantization
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Maxwell-Bloch equations: atomic part
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L Maxwell-Bloch equations: field part
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| Self- and cross-coupling coefficients
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Eiamond configuration: dressed state picture




Optimal frequency conversion

Five variational parameters:
Q. ,Q ,ALA,Aw.
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H. H. Jen and T. A. B. Kennedy, PRA 82, 023815 (2010)



L Pulse conversion: numerical solution

Spatial and temporal integrations:
semi-implicit difference (midpoint) method.

Atomic ensemble in experiment:
p=1.7x10"cm>, L =6mm.
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Down-converted pulse conversion




L Down-converted pulse conversion
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Heisenberg-Langevin equations:

quantum fluctuations
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Quantum fluctuations
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Conclusion

A demonstration of quantum correlation with telecom
wavelength conversion, which provides low-loss
quantum network communication.

Parametric equations for the probe fields are derived
and used to compute conversion efficiencies.
Dressed-state picture tells us the optimum conversion
happens in EIT window.

Numerical solution indicates that for shorter pulses,
pump pulse induced modulation may reduce the
conversion efficiency.
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