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Dipole-dipole interaction (DDI)

e DDI potential Vi (r)=-"9d; (1-3cos? ¢)

47 |r|
Repulsion Attraction
o Cyq = pom? for magnetic dipole moment m

Dipolar atoms: %Cr, 164Dy, 167Er

0 Oy =d? /eo for electric dipole moment d
Dipolar molecules: “°K8"Rb, 23Na''K

o Dipolar Fermi gas: Fermi ellipsoid

Phys. Rev. A 77, 061603 (2008); Science 345, 1484 (2014)
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Boltzmann-Vlasov equation

Boltzmann-Vlasov equation

@ Dynamics of the system:

IRl 4 B, VLU (2,p,t) Vi f(£,0,8) — ViU (2,0, Vi £ (r,0,) =Leon[f](r,p,t)

e Wigner function: f(r,p,t) — spatial density: n(r,t)=/ d‘gg{)‘};”

o Hartree-Fock mean-field potential
U(rzpvt):Uext (r)+f dr,v’int(rfrl)n(rl:t)ff %‘Znt(pfp,)f(rvplyt)

=1

e Relaxation time approximation I..n(f] = —*—:
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Scaling ansatz

o Ansatz for global equilibrium distribution function at T'=0
2 k2
fo(r,k):Q (1721' R*E*Zz 75) )

R;, K;: Thomas-Fermi radii, momenta

e Scaling ansatz:

Flea,t) =T (1) £ (x(t) k(1))

rescaled variables: r;(¢) b?("t), ki(t) = NOD) [qi 0
o Normalization factor

L)~ =TT, bi(t)1/6:(t)

Phys. Rev. A 68, 043608 (2003)
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Equations

e Equations of motion for scaling parameters:

2
- h2 K 48Nc bz R bR) (bR bR)]
. 2p. Q F(lzlz 2y 1ty R; Fbzle 2yty
bitwibi— MZ2b; R2 Mb;RZT]; bR [ (bsz’bz Rz —bi labR bzRzbzR:

_ 48Ncq VK, ;K. V0K, V0K _
Mb;RITL; b R; [F(\/@Kxu/eyKy)"_\/;K a\ﬁK F(me7\/9yKy):|_0’

Y
9i+2fz9i:_%(9i_0?y)

e Strength of dipolar interaction
10
co= 3221 5C7d:3

o Collisionless regime: r—oo
e Hydrodynamic regime: r—o0, definition: [T, b/ (t)\/6} (t)=1

arXiv:1311.5100 (2013)
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Experimental setup

Parameters:

67Er, N =7-10%

(We, Wy, w,) = 2m(579, 91, 611) Hz
o =28° v=14°

Aspect ratios of the cloud (Fermi surface) in imaging plane:

An(t) = . A=
(r2) cos® a4 (r2) sin® a

(k2)
(k2) cos? a + (k2) sin® o

Science 345, 1484 (2014)
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Fermi surface deformation (8 = 0)

o Relative interaction strength:
C 3
caa=—3 %Nlm’ w=(wewywz)'/3

o Dipolar Fermi gases in typical cold-atom experiments:

gas | BCr | 167Er | 161Dy | 40K8TRY | 67 109Ey | 28Nat0K
m/d | 6 pug | 7Tpus | 10 up 02D 14 up 0.8 D
€qq | 0.02 0.15 0.30 0.97 1.76 5.44
10 11
1.0 65
0.9 0.9
Kx R Ry 6.0
k.08 Reor R
. 55
0.7 0.6
0.5 50
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Collisionless regime Hydrodynamic regime
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EXPERIMENT v o ]
e Fermi surface follows rotation of B _tor ®e ]
— w101 | -
o Major axis is always parallel to B g |s *35° o |
Science 345, 1484 (2014) Zost % ® ° b
0.98 :’i Q . L
vor L Dimaabgos X |
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gL THEORY
<101 °
§;£ o Extended Hartree-Fock MF theory
098 o Agreement with experiment
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DPG Spring Meeting, Hannover 2016 | V. Ve : TOF Expansion for Dipolar Fermi Gases | 10/11



INSTITUTE OF PHYSICS
BELGRADE

o® SCIENTIFIC
% ‘s, COMPUTING
¢ LABORATORY

Quench dynamics

(W, wy,wz)=2m(579,91,611) Hz

z—x 2=y

0310f 1 0315 -
sl 0310f B
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0.300[ -
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(R, Qy, Q2)=2m(1154, 181, 1220) Hz (Qu, 2y, Q,)=2m(1165, 185, 1230) Hz
Q; =~ 2w; —» collisionless regime
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