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Ideal Fermi gas

Atoms are trapped in a conservative potential 
U(r), normally harmonic



Density distribution



Identical Fermions do not interact …

… at ultracold temperatures …

only s-wave scattering occurs



Identical Fermions do not interact …

… need distinguishable particles …



Weakly interacting fermions



How to tune a?

• Scattering length can be much larger than the range of the

potential:



Scattering resonances

Zero-energy resonance

Move a bound state to the threshold!
…Tune the depth of the potential …



Controlling the scattering length

unitarity occurs here (a →∞)

• One can make a much larger than the size of the potential!!!

• With cold atoms: Use Feshbach resonances to tune scattering length, by

applying a magnetic field.

• for a review, see: C. Chin et al., arXiv:0812.1496
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Mixture of fermions
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Interacting fermions

U(r)

EF

We can tune the

interactions using

Feshbach resonances



Strongly interacting fermions
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First experiments

Science 298, 2179 (2002)



„Feshbach“ molecules

unitarity occurs here (a →∞)
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A BEC of molecules?

• Collective modes as a probe for the equation of state ….



BEC of molecules



A very exciting playground ….

… for many-body physics

Cho, Science (2003)



Dynamics of a strongly interacting Fermi gas



Estimating the viscosity …

• Radial breathing mode damping varies

strongly with temperature!

PRL 94, 170404 (2005)



Temperature and entropy

Make use of entropy conservation: Measure T, S in 
noninteracting sample 

J Low Temp Phys 54,1 (2009)



Entropy and temperature calibration
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J Low Temp Phys 54,1 (2009)



Entropy vs. temperature

arXiv:cond-mat/0701251v4



Another approach

• A rotating Fermi cloud expands …..

PRL 99, 140401 (2007)



Expanding rotating cloud

• Irrotational flow: Expect quenching of moment of inertia …



Quenching of moment of inertia



Estimation of shear viscosity

Nuclear Physics A 830, 665c (2009) 


