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Auxiliary Field (AF) formalism for Bose gases

Consider the classical action:

S[qﬁ,aﬁ*]:/[dx]ﬁ[aﬁ,aﬁ*]

with the Lagrangian
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We introduce the auxiliary Lagrangian
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Leading Order Auxiliary Field (LOAF) equations

“Gap” equations
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Condensate density
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Condensate density
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Normal and anomalous auxiliary-field densities
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Normal and anomalous auxiliary-field densities
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Chemical potential
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ATC/ TO in the unitarity limit
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Critical densities 1n the unitarity limit
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Conclusions (Bose gas)

Auxiliary Field Formalism

v’ Second-order phase transition
v LOAF recovers Large N results for the critical theory
v’ Non-perturbative formalism

v Rigorous machinery for NLO
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Auxiliary Field (AF) formalism for Fermi1 gases

Consider the classical action: Slo, 0" | = / dx] L] ¢, ¢ ]

with the Lagrangian

£low) = 3{ 5 [0 P54 o) 22 ] 4 ui0) [ 292 o] )
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We introduce the auxiliary Lagrangian L. (¢, x, Al = =Ly [, x| + Lal, A,

1

Exlind = 20

[ X, () = X po (@) sin b | [ x_o(x) — X po () sind ]

LA, Al = ;To Z[AU(:E) — Xo Ko () cosO ][ A% (z) — Ao k* ,(z) cosb]
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Leading Order Auxiliary Field (LOAF) equations

“Gap” equations
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Fermi gas: zero temperature
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Fermi gas: zero temperature
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Fermi gas: critical temperature
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Fermi gas: LOAF gives the BCS ansatz
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Fermi gas: Tan’s relations

Fermion momentum distribution

LOATF predictions
C
P (k ) — 1.4 CLO AF 1
k p(k) = LA +0 <E>
Energy density variation with A2
the inverse scattering length Croar = 12
delz_lc de (9p:_A’2:_lC
da~ 2 da=! da~! 8~y or LOAF
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Fermi gas: equation of state at T=0
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Conclusions (Fermi gas)

Auxiliary Field Formalism

v’ BCS ansatz is the only physical auxiliary-field theory
v LOAF gives Leggett’s equations at zero temperature
v’ At finite-temperature: theory of Randeria et al.

v Non-perturbative formalism

v Rigorous machinery for NLO
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Conclusions

Auxiliary Field Formalism

v’ Integrated framework for Bose and Fermi gases
v Non-perturbative formalism
v’ Rigorous machinery for NLO

v’ Applicable to non-equilibrium studies
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