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Lecture 2. Molecular regimes in Fermi-Fermi mixtures
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Mixtures of Fermi gases

Molecules of different fermionic atoms
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What happens with collisional stability and molecular BEC?
Is there something else interesting ? . – p.2/13



Molecule-molecule interaction

Interaction between the molecules ( �� � ) Petrov et al 2005
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Nothing dramatic happens, but why I stop at

� � � ��� �

?

. – p.3/13



Collisional relaxation. Mediated potential

Exact solution for the dependence on � and

� �

� � Born-Oppenheimer picture
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� � � One bound state of a light atom with two fixed heavy ones
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Effective potential

Pauli principle � Centrifugal potential
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Mediated attraction competes
with Pauli principle
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� � � ��� � � fall into center short-range physics
Many nodes of the wavefunction. Many (trimer) bound states
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Relaxation rate
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Long-range intermolecular repulsion

Molecules of heavy and light fermions Born-Oppenheimer picture
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� � � � � Collisional stability independent of �
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Many-body system of molecules

Petrov, Astrakharchik,
Papoular, Salomon, GS

No interaction between light fermions
Born-Oppenheimer approach
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Phase diagram

2D motion of heavy atoms
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2D motion of light atoms � � �� � � � � 	 
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triangular lattice
3D motion of light atoms � � �� � � � � 
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Quantum transitions
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Realization of the crystalline phase
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or �
� � � � � no gas phase possible

How to obtain the crystalline phase?

Optical lattice for heavy fermions

Small filling factor � Increase of
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Increase of by a factor of 20 or more is possible

Formation of a superlattice
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Stability of the crystalline phase

Relaxation into deep bound states

heavy atoms in neighboring sites � � � � � � �� � � � � �� � � �
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Conclusions

Remarkable physics of weakly bound molecules in cold
Fermi gases

Novel physics of molecular collisional stability in
mixtures of Fermi gases

Possibilities to create new macroscopic quantum
systems
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