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Ultracold superfluid Fermi gas (2014 ~)
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“Conventional” Fermi superfluids

—Fermi atom gas— superconductivity  liquid 3He neutron star
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Cooper pairs are formed between the same kind of fermions.




Next challenge in cold Fermi gas physics

—Fermi atom gas— superconductivity  liquid 3He neutron star
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Fermi superfluid with hetero-Cooper pairs



°Li-4°K mixture: “mass imbalanced” Fermi gas
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°Li-4°K mixture: “mass imbalanced” Fermi gas
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In the current stage of research for SLi-*°K Fermi-Fermi mixture,
the quantitative prediction of Tc Is a crucial theoretical issue.



Today’s talk

We theoretically investigate an ultracold Fermi gas with mass imbalance,
focusing on °Li-4°K mixture. Including strong-coupling effects within the self-
consistent T-matrix theory, we clarify how the mass imbalance affects T, , as
well as physical properties of this system, in the BCS-BEC crossover region.
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B Keys to understand physics of mass-imbalanced Fermi gas

™ thermal excitations

® Fermi surface size
» scaled temperature (in terms of Tp)



Key physics in mass-imbalanced Fermi gas
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Key physics in mass-imbalanced Fermi gas
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Formulation: model mass-imbalanced Fermi gas
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Formulation: self-consistent T-matrix approximation

$ single-particle Green’s function
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BCS-BEC crossover behavior of Tc in the
presence of mass imbalance
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Hanai, Ohashi, PRA 90 (2014) 043622

NOTE: T¢ is the Fermi temperature of an ideal Fermi gas with m=2m, m_/(m_ +m,,).



“effective Fermi surface size” at ITc
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“effecvtive Fermi surface size” at Tc ‘

mll/m”=0.9

% 0 | 2
(k.a)'



momentum distribution at Tc (m,/m_=0.15)
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Pseudogap phenomenon (mass balanced case: m, /m,,=1)
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Single-particle enargy (kHz)

Pseudogap effect on photoemission spectra (*°K)
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pseudogap in a mass-imbalanced Fermi gas (unitarity)
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Component-dependent
pseudogap phenomenon

While the pseudgap is still seen
In the light component, the dip
structure gradually disappears in
the heavy component.



pseudogap phenomenon in °Li-4°K mixture (m /m;=0.15 <<1) ‘
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Single-particle spectral weight A(p,®)
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Particle-hole coupling in the BCS state
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particle-hole coupling by pairing fluctuations
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Origin of the component dependent pseudogap phenomenon

light component

light band

Finite width due to scattering effect



Origin of the component dependent pseudogap phenomenon
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Origin of the component dependent pseudogap phenomenon

light component

light band

T heavy hole

Particle-hole coupling
by pairing fluctuations

DOS = Z A(p, )




Origin of the component dependent pseudogap phenomenon
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Origin of the component dependent pseudogap phenomenon
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Origin of the component dependent pseudogap phenomenon
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Origin of the component dependent pseudogap phenomenon
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pseudogap above Tc: 6Li-4°K mixture (m, /m,=0.15 <<1) ‘
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Two pseudogap phases in a mass imbalanced Fermi gas
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Phase diagram of a ®Li-*°K Fermi gas
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PG-1 : Pseudogap appears in both the components.
PG-I11: Pseudogap only appears in the light component.
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We have discussed strong-coupling properties of a mass-imbalanced Fermi gas.
Within the framework of the self-consistent T-matrix theory, we determined Tc

and effects of mass imbalance in the BCS-BEC crossover region. \We have also
examined the pseudogap phenomenon in the presence of mass imbalance.
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