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Model: uniform 3D gas

Ground state

+ 9 DIPOLAR INTERACTION:

Vp(z) = i (1 — 3 cos” (9)

e FULLY POLARIZED by external field
e SINGLE-SPECIES

—yet interacting due to long range of Vp

e SUPERFLUID : T < TP

¢ DILUTE (Fermi sea dominates energy)

e UNIFORM—relevant also for

Local Density approximation in trap

Mean field Hamiltonian

<h2v2 ) U(x) Kinetic

+1 dSyA*(X y) U (y) + h.c. BCS

4 fdgy F™(x, y)qﬁ( ) (y) } Exchange

with gap and F'** consistency equations:
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Alx,y) = Vo(x —y) (¥(x)U(y))

FHx,y) = Vp(x —y) <G(X){P\T(Y)>
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BCS GAP on Fermi surface

. p-wave

S— wave

Dipoles
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Baranov et al. PRA 66, 013606 (2002)
e Node structure of gap anlogous to:

—Polar phase of *He (hypothetical)
—Heavy-fermion superconductors

e Gap zero allows plentiful quasiparti-
clesevenasl — 0

EXCHANGE anisotropy

Distorted Fermi surface
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Baranov et al., PRA 66, 013606 (2002)

Comparison to RECENT VALUES:

K.-K. Ni et al., arXiv:0808.2963
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However, with 10x more density
(plausible), one would have

T ~ 400K ~ Tp -

d = 0.566 D

BCS

(distortion exaggerated)

Fermi sphere
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Collective Excitations

— Weak perturbations ¢(t) < A of the
ground state order parameter.

— Short-range form factor
Alr) : kplr| ~ (Ep/A") <« 1.

A(Xv Y t) — AO(X o Y) ZZA(X o Y) ¢(X7 t)

e Diagonalize new H.; with Bogoliubov
transform = perturbed eigenfunctions.

e Keep only lowest order in ¢.
e [ Is negligible here = discard.

e IMpose gap equation to give l}
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wheren =M + k/2, m = —M + k/2, e, = i°k*/2m — Ep, 7)) = tanh(E} /2T'), and upper/lower sign corresp. to real/imag ¢(x).

At low energies one has conformal modes A(z)

“Zero temperature”
regime — superfluid

Nonzero anisotropic damping

High energy (non-conformal modes?)

= A'(z), and observable quantities are obtained from an effective Lagrangian for ¢(x).
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Diffusive
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DEFLECTED SF CURRENT RESPONSE

Under an EXTERNAL phase perturbation
of the gap A(z,y,t) = Ay(z — y)€2i¢(x,t)
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“Aligned” superfluid

NEW REg}%ME absent in standard BCS

e Very weak Beliaev damping
e Strong Landau damping L to dipoles

e —> (Good superfluid only along dipoles
Landau damping strength

.O
[

I'(0) [arb units]
o
o
DN

O 1 1 1
0 Gmn/4 /2 ST/4 -0 7
0

EXCITATION LIFETIME
Mw=0.035 kT,

c

15000¢

10000

o/T" o lifet1

Q

T O
O I I

0 0 w4 /2 37t/4 n—e T
L 0




