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Quantum info & Quantum info & 
communicationcommunication

→→ atomatom--fieldfield networks networks 
[[DuanDuan et et alal.].]

ContinuousContinuous variablesvariables
quantum state ~ noisequantum state ~ noise
highhigh fluxflux
efficient efficient detectiondetection
collective collective couplingcoupling ((∝∝ N N ))

•• NonNon--classicalclassical state state generationgeneration
withwith cold cold atomsatoms

•• AtomicAtomic quantum quantum memorymemory

•• AtomicAtomic teleportationteleportation
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Squeezed state generation
with cold atoms

TMOT ~ 1mK
D2 line @ 852nm
∆ = 45 MHz
Cavity bandwidth = 5MHz
Natomes = 106-107



Squeezed state generation with cold atoms

Innn 20 −=Kerr medium :

V. Josse et al. PRL 91, 103601 (2003)

Kerr effect

cross-Kerr effect



CV entanglement
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Entanglement = sum of squeezings
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Inseparability criterion for a, b orthogonal Gaussian states
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Inseparability criterion measurement
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Direct measurement
→ 2 homodyne detections

V. Josse et al. PRL 92, 123601 (2004) 



Non-classical state generation

• χ(2) : OPO, OPA

• χ(3) : Kerr effect in fibers, atoms

→ Efficient, broad bandwidth, tunable…

→ Storage ?



Atomic variables

• N 2-level atoms ≡ N spins ½

• Collective operators

• Heisenberg inequalities
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Atomic quantum memory

Principle :
• transfer of the field quantum state
Ain  to the atoms → « writing»

• « storage »

• « readout » of the atomic state

Long lifetime spin > ms

Control field



Atomic quantum memory

• Ain broadband squeezed vacuum state
〈Ain〉 = 0 ⇒ 〈Jz〉 = N/2

• Atomic coherence ≡ harmonic oscillator
∆Jx ∆Jy ≥ N/4



Quantum memory



Quantum memory : efficiency

Optimal transfer for δ = 0

• EIT (∆ = 0) « slow light » (Hau, 
Lukin, Kuzmich)

• Raman (∆ >> γ) Polzik

%100≈=
squeezingfield
squeezingatomicη

A. Dantan et al. PRA 69, 43810 (2004)

Efficiency



Storage of entanglement

→ Efficient transfer ~ 100%

A. Dantan et al. Europhys. Lett. 67, 881 (2004)



Atomic teleportation
Goal : teleportation of ensemble 1 quantum state to ensemble 3

11, yx JJ



Atomic teleportation

1) Preparation : Victor
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Atomic teleportation

2) Joint measurements : Alice
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Atomic teleportation

3) Reconstruction : Bob
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Atomic teleportation

3) Reconstruction : Bob
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A. Dantan et al. PRL 94, 50502 (2005)



•• GenerationGeneration & & storagestorage ofof quantum states quantum states usingusing
cold cold atomsatoms

•• ExperimentsExperiments in in progressprogress ……

•• OtherOther systemssystems: : mechanicalmechanical oscillatorsoscillators, , nuclearnuclear
spins, spins, solidsolid state media state media ……

Summary


