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[ Strongly Correlated Fermions ]

e Strongly Correlated Fermions are ubiquitous and difficult to de-

scribe (e7,n, p, q)

e Fermi gas with na® > 1, nri < 1, Unitary Fermi Gas, where
a is the scattering length, r¢ - effective range, n - density, has
been studied in the experiments with cold Fermion atoms in

traps with tunable interactions

e No intrinsic scale parameter = Universal Properties, Analytical

description is difficult

e Progress in lattice and MC simulations but an analytical de-
scription is desirable (dynamical response, kinetic coefficients,

imbalanced (polarized) gas)

[ The Lagrangian ]

e By universality any short-range two-body interaction may be

used, if @ = oo; use local four-Fermi interaction, coupling c.

e Lagrangian density
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where
— 1); is "spin-1/2” fermion field,
— pr and py are the particle number chemical potentials,

— 0123 are the Pauli matrices.

e After Hubbard-Stratonovich transtormation
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where

—¢(x) x Y(x)r1(z); local auxiliary field, superfluid order

parameter

— U = (1), ¢I)T Nambu-Gor’kov field

— = (4 py)/2, dp = (pp — p1y)/2
— 0L = %(01 + i09)
— ¢g 1s such that a = oo = in dimensional regularization ¢y =

00, 1/cg =0

m

— Near unitarity % ~ b (ﬂ)2 , €, ~ € binding energy [1], but

for now ¢, = 0.

e Effective action

and
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[ The Role of Dimensionality [2] ]

Schrodinger equation for £ = 0 S-wave 2 body bound state in d

spatial dimensions
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e The probability density p(r) o< r~1|R(r)|? oc 774+ =

[ The Role of Dimensionality (Cont.)
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e For d > 4 the bound state is strongly peaked within b

Vortices (6p = 0)(continued) J

the range of the potential which suggests that for
d > 4 unitary Fermi gas comnsists of tightly bound

weakly interacting spin=0 dimers=-Approach d = 3
by d=4—¢

a

10 12 14

2 4 6 8
In progress: vortex interaction, vortex lattice

[ Epsilon Expansion for Unitary Fermi Gas ]

Superfluid-Normal Phase Surface Tension

(op # 0)

The superfluid-normal phase transition occurs at [1,5]

e Integrate out fermions, set ¢(x) = ¢g + g, (d(xz)) = ¢y,
d =4 — ¢ (for now let dp = 0)
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and expand in g ¢(p), €, powers of the momentum (derivatives) Note: In a trap p — u—U(Z) = u (1 — 17.;—22) , 80 (7) determines lo-
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© 8(0) p € #(P)(po 4m K)o(p) one obtains 1D Superfluid-Normal Phase interface ®(z) shown in

e At ¢ — 0 Gaussian term dominates and g ¢ ~ +/e. To give LO the Fig. below

kinetic term canonical form set
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and, then, the surface energy
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With just naive extrapolation ¢ =1 In progress: S.f. core radius as a function of polarization

o { =pfep(n(p)) =0.475 vs. & = 0.42 from MC [3] :
@ow energy dynamic structure factor (o = O)j
oo/ =2, AJpu ~ 131 vs. e/p ~1.9, Afp ~ 1.2 from MC

IPRY
3], where w(p) = A + %, €p = %, fermion dispersion

relation near its minimum=>

The density-density correlator to NLO is
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The dynamic structure factor, o(py, €p) is

l = 1 7
e — " 10, P — — CI)Q —
Cr = |(#i0.0~ 21907 ) g + £
o(po, €p) = —Im S(po, €p) =

1 — 2(vg —In2) \ [m|®|\ _ NP _
~ (1+ 4 6)( 9 - B 2€p(1—1)—%(6p8—|—e%))

" = 7n 2 X
o — n2 0

_ (m|<I>|> ‘ ’ ll_l_ / 3(7E+ - )E—SO€] ) (6) - - -
NN : X5(p0—\/€p(“+zp)>

o v ~ 057722, C = 0.14424, ®(&,t) is the superfluid order

parameter, 4 has to be counted as O(¢)
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e The non-derivative terms were derived in [1]

the eq. density. In progress: o(pg,é€p) above the quasiparticle
threshold, spin density correlator, NNLO

[ Outlook ]

Finite temperature and non-equilibrium properties of trapped gas
near unitarity; LOFF phase; Kinetic Coefficients; Higher orders in
e: Better extrapolation toe =1

e LO derivative terms added by gauging U(1) particle symmetry

(e.g. homogeneous medium is Ay = —p and A= 0)

e Higher order derivative terms are O(e?) for large enough scale
phenomena (T > p~', L > (m u)~/?)= derivative expansion

is valid

® Lorr|®, p,dp) is derived analogously (note p ~ €, du ~ 1), the [ References ]

non-derivative terms were derived in [1,5]

1. Y. Nishida, and D. Son, Phys. Rev. Lett. 97, 050403
[ Vortices in unitary Fermi gas (5,u — ()) j (2006); Y. Nishida, and D. Son, cond-mat/0607835

e UU(1) particle number symmetry is spontaneously broken = sta- 2. 7. Nussinov and 5. Nussinov, cond-mat/0410597

ble vortex configurations have been observed
3. J. Carlson and S. Reddy, Phys. Rev. Lett. 95, 060401 (2005)

e Using (6) with ®(Z) = p(r) ' with Z = {r,, ...}, the typical
size of a vortex, 1o, p(ro) = p(r = 00)/2 1s 19 = 0.43\/m 1 at
LO and rg = 0.48,/m p at NLO. In the Fig. below: LO is in
red, the NLO is in green, LO + (¢ = 1) NLO, is the blue curve

4. P. Arnold, and J. Drut, and D. Son, cond-mat/0608477

5. G. Rupak, T. Schafer, and A. Kryjevski, Phys. Rev. A 75,
023606 (2007)




