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Schrodinger 1952 :

« one never experiments with just one electron,
one atom or one molecule. In thought
experiments we sometimes assume that we do;
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Most "g&dank&n" experiments become real experiments

Quantum theory is definitely stranger than ridiculous!



Cavity QED: manipulating single atoms and photons

Two level atom
One mode of the e.m. field

One harmonic oscillator
Photon lifetime:

cav

Requirement:
strong atom-field coupling

- T i n t « Ta t , Tcav weak coupling with the rest of the world
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The microwaM

- microwave resonance:
A,=6mm, vcav=51GHz
-superconducting mirrors:
photon lifetime:
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Measurement of cavity damping time
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85Rb Laser velocity selection
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Circular atom preparation
- 53 photons process
- pulsed preparation
0.1 to 10 atom/pulse
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Our Cavity QED setup
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Resonant Rabi oscillation in C

Classical jt/2 pulse

Detection
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Measurement of populations
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Measurement of coherences
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Two atoms with different velocity cross the cavity at the same time:

Time

li,e2,0>

Effective coupling:

ri(xK)6)

Rabi oscillation
=> Entanglement



Representation in the complex plane (Fresnel vector)

Heisenberg uncertainty relation:

• 0 to tenth of photons easily injected in C
using a classical source



m
manipuiatibn of the classicar phase

lm(a)

Mm? Re(a)

One atom controls
the field phase

Single atom phase shift: 45(
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M. Brune et al.,
Phys. Rev. Lett. 77, 4887(1996)



Vacuum |0>

Re(a) 'lm(a)

Fock state 11 >
- 2 0

Coherent state |a>
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Schrodinger cat's state

Thermalfield nth= 1th
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- Based on : Cahill and Glauber, PR 177, 1857 and 1882 (1969)

Displaced field density operator

) if n even

) if n odd
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Vacuum |0: Fock state 11 >
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"Vacuum"
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manipulation of entangled qbits:
- longer cavity damping time
- better detection efficiency
- use of non-resonant gates

=> Manipulation of up to 6 atoms and two cavity modes
^demonstration of elementary quantum algorithm: error correction, Grover
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