BEC-BCS Crossover: Mean-Field Theories and Beyond
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Introduction

Density Profiles: LDA

e Preforming of fermionic pairs Trapped Fermi Gas: Local density approximation (LDA)
below 7},.;; (Mean field).

In an experiment: Confinement of the gas by some harmonic

strength g,

2000

Approximate partition function as Z ~ Zyy = Tr{e—BﬁMF}
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e e e Spatial dependent self-consistency equations have to be solved.
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Hartree-Fock-Bogoliubov (HFB) Approximation )
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17 1 Temperature fit for x, axis of experimental data of [7]. Temperature fit for x, axis of experimental data of [7].
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_ WI%)%% i WIW)?M% + (Ple)) <¢I¢T>_> Fock e Fit of experimental data |7| to minimze mean square error between data and
theoretical estimation of the HF theory.

: _ _ e Location of minimal total error yields temperature 71" for known particle num-
Different MF-Theories by selection of channels her N

Channels Bogoliubov (B) Hartree-Fock (HF) HFB

e (Good estimations above critical temperature = Direct temperature measure-

Theory BCS MF-Theory Interacting Fermi gas Interacting Superfliud ment

Order Parameters | A= g(dyir) | g0 = aolibi)o= i) | Augy with =0

e For lower temperatures one needs also to include Bogoliubov equation (1).
Temperature estimations with superfluid fraction (Preliminary)

1D -density of y —axisat N = 788239, Tg = 565.576 nK

Diagonalization | Bogoliubov Trafo Unitary Trafo Bogoliubov Trafo

Bogoliubov channel gives regular BCS theory = Superfluidity

1D-densityof y—axisat N = 788239, Tg =565.576nK, —k=—1.119
as Kr

Hartree-Fock describes interaction effects = Contact interaction: No Fock contribution [4] | T A

HFB allows interactions in superfluid phase = Separation of thermal and superfluid density

Including different channels is important e

Temperature fit of HF theory for experimental data of [7]. Temperature fit of HFB theory for experimental data of [7].
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Beyond MF

Expand Z = Tr{e-#(Hve+[H-HnreD ) in orders of V = H — Hyr.
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Conclusion

MF theory is sufficient to directly measure the temperature of the weakly
interacting Fermi gas above 1,
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Interactions play a crucial role above the critical temperature in the BCS

Conversion to Dirac picture and construction of Dyson series. regjme.

Truncation at zeroth order yields MF theory. . . .
Below 1., and towards unitarity the HFB MF theory improves the regular

BCS MF theory.

To Do: Comparison of second order series results of free energy with Gaussian
fluctuations above the MF saddle point for the functional integrals [5|.

W W 4 =7, — L (Zy - 72) Closer to unitarity fluctuations get so important that MI theories fail.
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