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Introduction: Ultracold Fermi gas physics

Fermi atoms (°Li, “°K) are trapped in a magnetic/optical
potential, and are cooled down to <O(uK), where various
guantum phenomena can be observed, such as superfluidity.
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Introduction: superfluid 4°K Fermi gas (2004)

e 19/2,-7/2)+]9/2,-9/2)
;&o‘xo | TF = 035,UK
- N =10° J

C. A. Regal, etal. PRL 92 (2004) 040403.

" T/T. ~0.08-0.2>>10* ~102(metal) J

Cooper pair

9/2, 7/2

|9/2 -9/2)

superconductivity




Feshbach resonance: pairing mechanism of superfluid Fermi gas
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tunable by magnetic field
(Timmermans (2001), Holland (2001))

tunable pairing interaction
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Essence of BCS-BEC crossover

Bose-Einstein condensation (BEC) of an ideal Bose gas

"~ [| BEC transition
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The BEC occurs, when the quantum size of a particle reaches the interparticle distance.



Essence of BCS-BEC crossover phenomenon

weak U Pairing interaction between Fermi atoms strong U
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Phase diagram of ultracold Fermi gas




Phase diagram of ultracold Fermi gas
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Phase diagram of ultracold Fermi gas

Neutron star



Phase diagram of ultracold Fermi gas
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! “preformed Cooper-pair” formation !

» BCS-like gap in the density of states (pseudo-gap)
» Suppression of spin excitations (spin-gap)




Determination of “crossover” temperature T*

density of states
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Determination of “crossover” temperature T*

Fermi atoms start to form preformed

Cooper pairs (bosons) .
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Today’s talk

We study specific heat C, in the BCS-BEC crossover regime of an ultracold
Fermi gas. We show that Cv is a useful quantity to determine T** which
physically distinguish between the Bose gas regime and fluctuation regime.
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Formulation: Gaussian fluctuation (NSR) theory

(Minimal theory to describe the whole BCS-BEC crossover region)

a )
H = Z(g _'U)Cpa po -U Z C +q/2TC p+q/2¢C—p +q/2¢CpT
p,p'q
< J

» uniform gas is assumed.

» O :two atomic hyperfine states = pseudospin 1,]

» U : effective pairing interaction associated with the F.R.
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Feshbach resonance We treat U as a tunable parameter.




Formulation: Tc in the BCS-BEC crossover region

e 1c: Thouless criterion
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Formulation: specific heat in the crossover region (T>Tc)

» Specific heat: Q=0+ Qg
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pairing fluctuations
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Comparison with recent experiment on a °Li Fermi gas

/ This work
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The experimental result is affected by finite temperature resolution,
which may somehow smear the singularity around Tc.




Summary
Specific heat and effects of pairing fluctuations

We have discussed specific heat in the BCS-BEC crossover regime of an ultra-cold
Fermi gas. Within the framework of the NSR-theory, we calculated this
thermodynamic quantity as a function of temperature above Tc. From the temperature
dependence, we determined the Bose gas regime, as well as the region where the
system is dominated by fluctuating preformed pairs, in the phase diagram of an ultra-
cold Fermi gas.



