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§1 - Bose-Einstein Condensation (BEC) for a gas of non-interacting bosons: 
 
- The role of the chemical potential. BEC as a macroscopic occupation of the lowest single-
particle state. 
- Critical temperature TBEC in three and two dimensions for homogeneous and trapped 
systems. 
- Density of the condensate and thermal component for T < TBEC. 
- Density profile, velocity profile, and free expansion for T « TBEC  and T » TBEC. 
 
§2 - Thermodynamic properties of a gas of non-interacting bosons: 
 
- Total energy, specific heat, and entropy of the condensed phase. 
- Chemical potential, total energy, and specific heat of the normal phase at high temperatures. 
- Jump of the specific heat at TBEC  for a three-dimensional trapped system. 
 
§3 - Atomic properties: 
 
- Atomic structure of bosonic (7Li and 39K) and fermionic (6Li and 40K) alkali atoms. 
- Nuclear spin I and hyperfine interaction. Zeeman effect in the presence of an external 
magnetic field. 
- Magnetic traps. Adiabatic approximation. 
- Optical traps. Effects of laser light on atoms. Dynamic polarizability. Blue and red detuning. 
- Evaporative cooling. Metastability of the BEC phase and the role of collisions. 
- Interatomic potentials and van der Waals interaction between fluctuating dipoles. 
- Elements of scattering theory. Scattering from a potential. Scattering amplitude and length. 
The T matrix. 
- Multi-channel scattering problem. Open and closed channels. Threshold energy. Fano-
Feshbach resonances. Tuning of the scattering length by an external magnetic field. 
 

§4 - Trapped interacting bosons and the Gross-Pitaevskii equation: 
 
- Derivation of the Gross-Pitaevskii equation (GPE) for the condensate wave function. 
 
- The Thomas-Fermi approximation within GPE. Chemical potential. Total, potential, and 
interaction energies. Virial theorem within GPE. Release energy. 
- Connection between BEC and superfluidity: The phase of the condensate wave function. 
- The healing length. 
- Irrotational motion of a superfluid. Vortices. Wave function and total energy of a single 
vortex within GPE. Minimum vorticity. 
 
§5 - Trapped non-interacting fermions: 
 
- Degeneracy temperature for fermions. Equilibrium properties. 
- Thomas-Fermi approximation for trapped fermions. 
- Virial expansion of the equation of state in the high-temperature limit. 
 
§6 - Trapped interacting fermions and the BCS-BEC crossover 
 
- Effects of an attractive interaction. Transition to the superfluid phase. 
- From atoms to molecules: The BCS-BEC crossover. 
- The Bogoliubov-de Gennes equation. Two branches of eigenvalues. Self-consistent 
condition for the gap parameter. 
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- Application to a homogeneous system. Coupled equations for gap parameter and density. 
Weak- (BCS) and strong- (BEC) coupling limits. 
- The Ginzburg-Landau equation in the weak-coupling limit. 
- The Gross-Pitaevskii equation in the strong-coupling limit. 
- Overview of the most important experiments with ultra-cold trapped Fermi atoms. 
 

Suggested references: 
- C. J. Pethick and H. Smith, Bose-Einstein Condensation in Dilute Gases (Cambridge University 
Press, Cambridge, 2008). 
- L. Pitaevskii and S. Stringari, Bose-Einstein Condensation (Clarendon Press, Oxford, 2003). 
 

 

 


