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Photonic quantum state transfer
between a cold atomic gas and a crystal

| 2 - Praseodymiundoped-crystal
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1 - Rubidiumcold atomic cloud

A Large number of stationary atoms with optical and spin transitio
A Excellent coherent properties (T<4K).
A Static inhomogeneous broadening (~ GHz) which can be tailore

Longest light storage (with bright pulses)

in the order of seconds, up to one minute
J.J.Longdellet. al., PRL95, 063601 (2005)
G. Heinze et al, PRL111, 033601 (2013)

High storage and retrieval efficiency

Classical 76%, Quantum 69%
D. Schraft et al.,PRL 116, 073602 (2016)

M.P. Hedges, et. al., Natu4651052, (2010

EmissiveQuantummemory
Duan Lukin Cirag Zoller Nature,414,413-418 (2001)

Tuneablesinglephoton source
P.Farrerg et al.Nat Com.7, 13556 (2016

Quantumprocessingvia Rydbergexcitations
M. Saffman Rev.Mod. Phys 3,23132363 (2010)
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Challenges

Noiseless channel

Frequency conversion interface

U 39ngle photon interacts strongly with the two nodesoisefree
U Wavelength and bandwidth matching (narrowband nodes)

U Preserve quantum superposition



Challenges

Telecom channel

Frequency conversion interfaces

U 39ngle photon interacts strongly with the two nodesoisefree
U Wavelength and bandwidth matching (narrowband nodes)

U Preserve quantum superposition
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Long-distance quantum communication
with atomic ensembles and linear optics
L.-M. Duan*+, M. D. LukinZ, J. I. Girac* & P. Zoller*
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Cold atomic cloud

8’Rb MOT
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Rareearth doped crystal
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Rareearth doped crystal
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Quantum freqguency
conversion interface

Cascadedonversion
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U Pump induced noise (Raman, parametric fluorescence)



Quantum freqguency
conversion interface
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Quantum freqguency
conversion interface

Cascadea@onversion

Single photons 1570 nm 994 nm Tocrystal
Pump Pump
1552 nm C—\
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U 2 PPLN nofinear waveguides
U 1 % total conversion efficiency includinglafises € T D
U Pump induced noise (Raman, parametric fluorescence)

U Also used to lock the frequency of the converted light
making sure the read photon in always resonant with the crystal
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Results

Photon generation, conversion and storage
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