
Bogoliubov Excitation Spectrum
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Observing Sound Wave Propagation in a BEC (1)

from: M.R. Andrews et al. PRL 79, 553 (1997) 
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Observing Sound Waves (2)

from: M.R. Andrews et al. PRL 79, 553 (1997) 
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2-Photon Bragg Spectroscopy

from: N. Davidson (Weizmann Institute)
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Bogliubov Spectrum via Bragg Spectroscopy

from: Steinhauer et al., PRL 88, 120407 (2002)total momentum transferred for
fixed k-vector and varying difference

frequency of Bragg beams.
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Excitation Spectrum - a Roadmap

from: N. Davidson (Weizmann Institute)
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Superßuid Flow 

Flow without friction 
through tubes

Movement of an object thorugh 
a superfluid without friction

Superfluid flow is characterized by a finite critical velocity, 
below which there is:
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Superßuid Flow in a Gaseous BEC

Scanning a focused blue detuned laser 
beam thrugh a BEC

R. Onofrio et al. (2000)

vc=0.2 c

Critical velocity is about a factor 5 
smaller than the speed of sound !

Possible explanation: Vortex 
creation results in dissipation.
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Solitons

Are formstable solutions of a nonlinear wave equation!

Occur in Surface Water Waves, Optical Fibres (Nonlinear Optics), .... and BECÕs

First described by John Scott Russel (1802-1882)
in water canal.

Surface wave soliton

Dispersion of wavepacket is cancelled by 
non-linearity!
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Bright Solitons
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For attractive interactions g<0 there is a a bright soliton soliton solution 
to the time dependent GPE (in 1D).
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¥Solitons propagate without changing shape
¥Stable when colliding with another soliton
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Solitons Experiment

Start with repulsive interactions
and rapidly tune to attractive interactions!

from: K. Strecker Nature 417, 150 (2002)
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Solitons Experiment

from: K. Strecker Nature 417, 150 (2002)
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Dark/Grey Solitons
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Dark soliton (stationary), Grey soliton moving with velocity v

A Solution of the GPE for g>0 is a dark/grey  soliton.
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Dark Solitons

Wednesday, November 25, 2009



Producing a Dark Soliton
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Fate of a Soliton
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Rotating a Classical Fluid

Surface of the fluid is shaped like a 
parabola !
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Below a critical angular velocity the 
quantum fluid remains in rest.

Above a critical angular velocity one or 
more singular lines appear in the fluid.

 

The circulation around such singular lines 
is quantized. 

Rotating a Quantum Fluid

e.g. Rotating bucket 
experiment in He II

Yarmchuk and Packard (1982) 

These vortex lines can be 
detected via trapping of 
electrons on the vortex cores !

Vortices
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Quantization of Circulation

Definition of 
Circulation:

Velocity field of the 
order parameter

Superfluid occupying 
a multiply connected 
region. Contour path
l within the 
superfluid.

Superfluid

The order parameter has to be single valued !

Circulation is 
quantized !
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Stirring a Bose-Einstein Condensate

Magnetic trapping potential:

Use light beams to create a deformation of 
the potential that can be rotated !

X,Y basis is rotated with an angular 
velocity !.

Hamiltonian in the co-rotating frame 

Vortex state 
raises energy Vortex state 

lowers energy
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Vortices as a Ground State of the New Hamiltonian
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Vortices in a Gaseous BEC

Too small to be imaged directly in the trap !

2"

R

Vortex core size is given
by the healing length:

Solution: Use TOF expansion such that 
all dimensions are expanded by a factor 

K. W. Madison 
et al. (2000)
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Abrikosov Vortex Arrays (1)

Phase diagram of vortex 
nucleation

# of vortices: 0 1 8 12
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Large Abrikosov Vortex Lattices 

Up to 150 vortices !

J. R. Abo-Shaeer et al. (2001)
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More Vortices
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Even More...

Wednesday, November 25, 2009


