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Mean-Field Effects
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Free expansionFree expansion

Free expansion: variational approachFree expansion: variational approach
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A superfluid has an irrotational velocity field

Complex order parameter:

Smv ∇= )/(h

iS
en

2/1=Ψ

0=×∇ v

n : density

S : phase

Velocity field :

which implies:

Rotations and quantized vortices 

in Bose superfluids
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Vortices observed at:

• JILA-Boulder

• ENS-Paris

• MIT 

• Oxford

Produced with different techniques:

• Phase imprinting, rotating laser spoon, 
rotating magnetic trap, rotating thermal 
cloud, selective evaporation, decay of 
solitons, etc. 

A lot of physical questions:

• Nucleation mechanisms.

• Observation of density and phase.

• Stability, decay, precession.

• Shape and dynamics of a single vortex.

• Formation and dynamics of vortex lattices.

• Fast rotating condensates and giant vortices.

• Coreless vortices and textures in spinor condensates.

• Interaction with thermal atoms, solitons, surface modes.

• Vortex rings, vortex-antivortex pairs, etc.

A lot of theoretical papers !!
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Phase imprinting method



 

 

 

8

Atom lasersAtom lasers
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Uniwersytet Warszawski Wydział Fizyki

Nonlinear Optics versus BECNonlinear Optics versus BEC
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Four Wave Mixing
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Uniwersytet Warszawski Wydział Fizyki

Full collisionFull collision

Uniwersytet Warszawski Wydział Fizyki

Half collisionHalf collision
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Conservation of energy

Conservation of momentum

Resonant conditionsResonant conditions
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(W.D. Phillips, 

Nature, 1999)

Four Wave MixingFour Wave Mixing
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Qualitative agreementQualitative agreement

Simple model

After we apply Bragg pulses

… and separate using SVA
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Full phase matching case

Simple model
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Time dependence

When we integrate over the whole space

τ=τ(after separation)

Final results
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Atomic amplifierAtomic amplifier
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Atomic amplifierAtomic amplifier

Atomic AmplifierAtomic Amplifier
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Ketterle (Nature, 1999)

AmplifierAmplifier

Supperradiant Rayleigh scattering

(W. Ketterle, 

Science 1999)
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New field  …


