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1 Ideal bose gas

1.1 Harmonic potential

Isotropic harmonic potential and oscillator length
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1.2 Critical temperature Tc

Bose distribution and density of states
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Total number of particles in excited states at Tc
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Critical temperature

kTc ≈ 0.94 ~ωhoN
1/3 ⇒ Tc ≈ 500 nK

2 Experimental techniques

2.1 Radiation forces

Scattering force: Absorption of a photon ~q followed by spontaneous emission in a random
direction

Fscatt = ṗ = ~q Γg(ω)

All optical cooling techniques are limited by the recoil of an emitted a photon

kTr =
~2q2

2m
⇒ Tr ≈ 1µK

Dipole force: Stark shift of the time-averaged electric field of the laser leads to a force
towards higher laser intensities.

2.2 Zeeman slower

Zeeman shift VZ cancels decreasing Doppler shift VD while atoms are being slowed down

~ω = ~ω0 + VZ + VD = ~ω0 + gmµBB − kv
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2.3 Magneto-optical trap

A linear magnetic field at the center of the trap and counter-propagating σ+ and σ−

polarized laser beams lead to a trapping and cooling force towards the origin of the trap.

2.4 Magnetic trap and evaporative cooling

Low-field seekers (gm > 0) are trapped within the harmonic trap potential

B =
B′′

2
r2 +B0 and VZ(r) = gmµBB ⇒ F(r) = −∇VZ ∝ −gm r

Loss of atoms above a cut-off energy leads to a lower temperature of the ensemble.

3 Weakly interacting bose gas

3.1 Thomas-Fermi approximation

Neglect kinetic energy in the Gross-Pitaevskii equation for Na
aho
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Density distribution for r ≤ rTF
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3.2 Healing length

Kinetic energy comparable to interaction energy
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ξ is the length scale on which perturbations in the density distribution are “healed”.
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