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1. Bose condensation
Bose statistics 
Phase space density

2. Mean-field approach 
Gross-Pitaevskii equation

3.  Experiments
Time of flight
Ground state population
Expanding gas

4. Other interesting experiments          
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Phase space density

φ =nλ3 = 10-7

Magneto-optical trap
Molasses
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Quantum Mechanics: 
# of particle in the ground state

Classical mechanics:
# of particle in a unit phase space
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Atomic wavefunction
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Product state: all atoms occupy ground state.

Non-interacting BEC
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Assume all atoms have the same wave function

Weakly-interacting BEC: Mean-field approximation
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A “self-consistent” Gross-Pitaevskii equation
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BEC in free space

Chemical potential = zero-point energy + gn

BEC in a harmonic trap
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Gross-Pitaevskii equation

Repulsive atomic interaction g>0
⇒ increasing mean-field energy
⇒ increasing wavefunction spread
⇒ increasing potential energy
⇒ decreasing kinetic energy

Thomas-Fermi approximation (Ek << V ~ gn)



Physics 471 - Introduction to Modern Atomic Physics 

Thomas-Fermi approximation: KE << int.
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Stability of BEC of size L 
in a box

Kinetic energy =  L-2

Interaction energy = a N L-3

L

E

L-2 L-3  (a>0)

L-3  (a<0)

in a harmonic trap

Kinetic energy =  L-2

Interaction energy = a N L-3

Potential energy = L2

L2
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Finite temperature

Total particle number N=N0 (condensed) +N’ (uncondensed)
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Experiment: Expanding thermal gas and expanding condensate

3 106 atoms in an anisotropic
magnetic trap

100 µm * 5 µm
0,5 to 1 µK

Time of flight

T > Tc

Boltzmann
gas
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T < Tc

condensate
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isotropic expansion anisotropic expansion

Camera
CCD 

atomsLaser
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Light sheet Absorption imaging

TOF: free expansion of cold gas in vacuum



BEC as a coherent source of matterwave (1995~2001)

Matter wave
laser
(MPQ group, 2000)

lamp laser

Vortices in 
Bose-Einstein
Condensation
(JILA group, 2000)

Quantum phase 
transition in 
optical lattice
(Mainz/MPQ group, 
2002)

Matter waves
Interference
(MIT group, 1997)
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