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e Semiclassical Hartree-Fock theory
e Equilibrium configuration

e Low-lying excitations

e Time-of-flight expansion
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Physical Motivation

e Dipole-Dipole Interaction (DDI) pgtential
Cdd Z
Vdd(X) {1 3’ 2}

B 4rr|x|3 X

e Magnetic systems®yq = pom?, withm ~ 10 ug

Exp: °?CrR. Chicireanu et al., PRA3, 053406 (2006)

13YDb T. Fukuhara et al., PRB8, 030401 (2007)
> Dy M. Lu etal., PRL104 063001 (2010)

e Electric systemsCyy = 47d?, with d ~ 1 Debye

Exp.: *YK®'Rb S. Ospelkaus et al., Sciendg, 231 (2008)
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Variational Hartree-Fock
e Action A = tfdt(\lf]z‘h% — H|\U) Slater determinant

e Common-phase factorizatiafy(z,t) = eMX@0/h )y, (x, 1)]

e Time-evenSlater determinant
qu(xla C o 7'73N7t) =SD Hw(aj7 t)H

e Time-even one-body density matrix
N
po(x,2';t) = 1] | P (2!, an, ) Vo(x, -+ ,xN,t)

’L_

0A

e Equations of motion (D) — 0, 0A__ — )

5p0(33,£13/;t) -

e In this work, we switch to Wigner space

v (x,k;t) = /d35p0 (X+§,X— %;t) e ks
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Action

e Ansatz
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With ¢q = 22Cad_ ~ 0.0116 Ciy ande 3
Co = zr5.a5 ~ 0. dd ande = (e, e, e )
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Equations of motion (unitless)

o Auxiliary equations of motion «; = R;/R;
e Particle conservation R &~ = 1

e Momentum deformationk?—K2= Seagu [ 1+$§+§2f< )]

- M35 z. 1
With ¢5 = —22—— ~ 0.2791 andegq = Sa ( ;v) N3
3% .5.-7-72 dm \ R

o Finally L% — _R; + > ;% — €44Qi (R, K)

w2 dt2
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*T. Miyakawa et al, PRA’7, 061603(R) (2008)
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Static properties

e Aspect ratio in real space
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Low-lying excitations

e Momentum anisotropic breathing oscillations= )\, = 5
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e Oscillation modes in real space
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Time-of-flight expansion

e Aspect ratio
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Estimation of 7

e Boltzmann-Vlasov eqg. for DDI remains very hard to solve,
due to anisotropy

e Approximation of the DDI through an effective contact
interaction with scattering lengthyy = M Cyq/(47h?*) gives

L = (NY3a4q+/M©/R)?F(T/Tx), with F(T/Tx) ~ 0.1 in

WTR

guantum regime
(L.Vichi and S. Stringari PRAGO, 4734 (1999))
e Thus, forN = 4 x 10* dipoles, one obtains

wtr ~ 0.01 for KRb (d = .57 D) and
wTr ~ 2 x 1077 for LiCs (d = 5.53 D) polar molecules

wtr ~ 75 for >>Cr (m = 6 pp) and
TR ~ 4 x 10° for 1°Dy (m = 10 ug) atoms
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Equations of motion

e Anisotropy function

E(0,q)—F(o,
F(,9) = 1+ 3y Blea)-Fleq)

F(p,q), E(p,q): elliptic integrals offirst andsecondkind

o = arcsiny/1 — 22, ¢* = (1 — y?) /(1 — z?)

*K. Glaum and Axel Pelster, PRA6, 023604 (2007)
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