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Engineering of entanglement:

Åatoms ðlight
Åatoms ðatoms
Åatoms - nanomechanics

Applications:

Åteleportation
Åatom clock
Åspin probing



Cavity QED

1012 atoms ïCs gas at RT

Quantum interface between atoms and light

106 cold Cs atoms

Caltech, MPQ, many others Copenhagen, Harvard, many others



Quantum interface ðbasic processes
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Light-Atoms Entanglement

Cirac, Zoller, EP

Kimble, Kuzmich, Lukin
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Light-to-Atoms mapping (memory)

EP, Mølmer, Lukin, Cirac



detectorAtoms Light out
Light in

Light ðatoms quantum interface
Atomic quantum correlations created

and probed via interaction with light

Quantum

measurement

Quantum feedback

Teleportation, quantum memory, atomic squeezing,
QND probing of strongly coupled systems, etc

Applications:

Atoms

entangled

AtomsAtoms

entangled
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Homodyning

99% q.e.

60-70% q.e.

Photon counting
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In the context of the state transfer there is no difference 

between 

òcontinuousò variables and òdiscreteò variables
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Coherent states ïcontinuous variables Qubits ïdiscreet variables

Interface which works for coherent states with fidelity F 

will have nearly the same fidelity for a qubit



Phase

Amplitude

Benchmark I: quantum noise of Coherent State of Light ï ,VarX P N´

ÅPhotodetectors with

q.e.>99% and dark

noise << shot noise of

light

ÅStabilization of phase

and amplitude noise

of light down to the

SQL = shot noise

Mach-Zehnder Interferometer



Wigner function

Schrödinger kitten state

Poster Bo Melholt

Nielsen

Coherent state

Quantum tomography ðhomodyning on many copies of a state


