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• Dipoles and stripe order 

in a multilayer setup

• Dipoles in a 2D square 
lattice: density order and 
superfluidity
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Dipoles and stripe order in a multilayer setup

Dipole-dipole interaction
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Density waves (stripes)=pole in 
density-density response function 

χR
ij(r− r�, t − t�) = −iθ(t − t�)�

�
ρ̂i(r, t), ρ̂j(r�, t�)

�
�

Layer index
χi,j(q) = δi,j

k + q, i

k, i

+ Γi,j(k, k′, q)

k + q, i

k, i

k′ + q, j

k′, j

RPA: K. Sun, C. Wu, and S. Das Sarma, PRB 82, 075105 (2010)
Y.  Yamaguchi, T. Sogo, and T. Ito PRA 82, 013643 (2010)

Local field factor:
M. M. Parish and F. M. Marchetti, PRL 108, 145304 (2012)
F. M. Marchetti and M. M. Parish, arXiv:1207.4068

4



Density waves (stripes)=pole in 
density-density response function 

χR
ij(r− r�, t − t�) = −iθ(t − t�)�

�
ρ̂i(r, t), ρ̂j(r�, t�)

�
�

Layer index
χi,j(q) = δi,j

k + q, i

k, i

+ Γi,j(k, k′, q)

k + q, i

k, i

k′ + q, j

k′, j

RPA: K. Sun, C. Wu, and S. Das Sarma, PRB 82, 075105 (2010)
Y.  Yamaguchi, T. Sogo, and T. Ito PRA 82, 013643 (2010)

= +

Σi(k) = δi,j
+

V0(k− k′)

k′, j

k′, j

Vi,j(0)

k, i k, i k, i

Σi(k)

k, i

i j = −

Vi,j(q)

δi,j
V0(k− k′)

Ii,j(k,k′,q)
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RPA gives for small layer separation:  gc ∝ 1/N N � 1
N. Zinner and GMB, 

Eur. J. Phys. D 65 133 (2011)
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Experimental Realization
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Dipoles in a 2D square lattice
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Very rich physics: density order, bond solid order, 
p-wave superfluidity, supersolidity, liquid crystals ...

K. Mikelsons and J. K. Freericks, PRA 83, 043609 (2011); L. He and W. Hofstetter, PRA 83, 053629 (2011); 
S. G. Bhongale et al., PRL 108, 145301 (2012); C. Lin, E. Zhao, and W. V. Liu, PRB 81, 045115 (2010); ...
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Capture phases and their competition at T=0 with 
mean-field theory: Bogoliubov-de Gennes equations
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Melting of density 
ordered phases
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Strong coupling 
Half filling Tc = −1

4
×

�
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θP > arcsin(1/
√

3)Away from half-filling and 

p-wave pairing

GMB and E. Taylor, PRL 101, 245301 (2008)
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Berezinskii-Kosterlitz-Thouless melting of superfluid phase

Twist of order parameter: ∆ij → ∆ije
i(xi+xj)δθ/a

Cost in free energy:
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Trapping potential: ring and island structures
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Self-bound states of a 1D dipolar Fermi gas 
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Self-bound states of a 1D dipolar Fermi gas 

H = − �2
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“Short range” in 
1D with range ∼ l⊥
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2-body problem:

ldd = d2m/�2
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2-body problem:

ψ(x) ∝ sgn(x)e−x/ρ

ρ = 1/
�

mEB

Bound state for ldd/l⊥ � 1.4

ldd = d2m/�2

Outside range 
of potential:
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N-body problem:

Interaction short range ⇒ use exact results for 1D 

fermions interacting via a “p-wave” contact interaction

F. Calogero and A. Degasperis, PRA 11 265 (1975)
S. A. Bender, K. D. Erker and B. E. Granger, PRL 95, 230404 (2010)
T. Cheon and T. Shigehara, PRL 82, 2536 (1999)

Mapping from a fermionic to a bosonic N-body state 
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1D
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short range physics for x∼l⊥
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Tentative phase diagram
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Hartree-Fock calculations gives the energy per particle:
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Phase diagram

1.4 < ldd/l⊥ < 3.2

20



Release of the trap:
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Release of the trap:

Experiment with 23Na40K (2.72Debye fully polarised):

21



Release of the trap:

Experiment with 23Na40K (2.72Debye fully polarised):

ldd = 1µm
1Debye partially 
polarised

21



Release of the trap:

Experiment with 23Na40K (2.72Debye fully polarised):

ldd = 1µm
1Debye partially 
polarised ω⊥ = 2π × 1kHz

ω = 2π × 10Hz
∼100 molecules 

bound

21


