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A gas of interacting fermions is in the unitary regime if the average 
separation between particles is large compared to their size (range of 
interaction), but small compared to their scattering length.  
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System is dilute but System is dilute but 
strongly interacting!strongly interacting!

Setting the problem:



  

- Spin up fermion

 - Spin down fermion
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Auxiliary field Monte Carlo for fermions on the lattice



  

Bogoliubov-Anderson  phononsBogoliubov-Anderson  phonons
and quasiparticle contributionand quasiparticle contribution
(d(dashedashed lin linee ) )  

Bogoliubov-Anderson phonons Bogoliubov-Anderson phonons 
contribution only (contribution only (dotted linedotted line))

Quasi-particle contribution onlyQuasi-particle contribution only  
(d(dottedotted line) line)

a =  a =  ±∞±∞
Normal Fermi Gas
(with vertical offset, solid line)(with vertical offset, solid line)

-Equation of state of the unitary Fermi gas, 
-Critical temperature for the superfluid-normal transition



  The radial (along shortest axis) density profiles of the atomic cloud in 
the Duke group experiment at various temperatures. 
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Entropy as a function of energy (relative to the 
ground state) for the unitary Fermi gas in the 
harmonic trap. 

Ratio of the mean square cloud size at 
B=1200G to its value at unitarity (B=840G) 
as a function of the energy. Experimental
data are denoted by point with error bars.

Local density 
approximation with 
Monte Carlo input.

Unitary Fermi gas
in a harmonic trap



  

Results in the vicinity
of the unitary limit:
-Critical temperature
-Pairing gap at T=0

Bulgac, Drut, Magierski, PRA78, 023625(2008)Bulgac, Drut, Magierski, PRA78, 023625(2008)



  

Constraints:

Single particle gap (density of states)



  

Maximum entropy methodMaximum entropy method

From Bayes' theorem:  

A priori probability:

Relative entropy:

Likelihood function:

Maximum entropy method:

SVD method



  
P.Magierski, G. Wlazłowski, A. Bulgac, J.E. Drut, PRL103, 210403 (2009)

Spectral weight function at unitarity



  

Pairing gap and pseudogap

Outside the BCS regime close to the unitary limit, but still before BEC, 
superconductivity/superfluidity emerge out of a very exotic, non-Fermi

liquid normal state

The onset of superconductivity  occursThe onset of superconductivity  occurs
  in the presence of fermionic pairs!in the presence of fermionic pairs!

pseudogap

order parameter

0.15(1)C FT ε=

*T
Monte Carlo calculations



  

Superfluid region (T=0.13) Pseudogap phase (T=0.22) Normal Fermi gas (T=0.26)

Spectral weight function from MC calc. for 



  

Superfluid 
phase: T=0.13

Pseudogap 
phase: T=0.22

Normal Fermi
gas: T=0.26
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Superfluid phase
         Paired fermions                    Condensed bosons       

Pseudogap phase

Noncondensed bosons + fermions

Crossover re
gion

Normal Fermi gas

Tc

Monte Carlo 
uncertainties 

Gap in the single particle fermionic spectrum from MC calcs.
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P. Magierski, G. Wlazłowski, A. Bulgac to be published



  

Preliminary measurements of pseudogap in ultracold atomic gases

40K 

J. P. Gaebler, J. T. Stewart, T. E. Drake, D. S. Jin, A. Perali, P. Pieri, G. C. Strinati,arXiv:1003.1147 



  

Summary
- Finite temperature MC results provide a strong evidence for 
  the existence of the pseudogap phase which opens up around 
  the unitary limit at about 1/(kF*a) =-0.1

Open question:

- How to describe the pseudogap phase within the framework of finite 
  temperature DFT?
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