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Contact interaction
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Dipole-dipole interaction
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Dipolar gases: all the way from very weak to huge

~0.05D / ~1D >
~ 6-10 ~ 100
He "L& '\uB [ Rydberg gases ]

Highly magnetic atoms Polar molecules
Cr, Dy, Er LiK, NaK, RbK, RbCs, LiCs

Spinor BECs,
Atoms with a=0
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Polar molecules
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Polar molecules




Pseudopotential
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Dipolar BECs: Nonlocal Gross-Pitaevskii equation

15l = fdmp (7)

——V + Vi (r) - M}W(?)
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U(r)=go(r)+U,(r)
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Dipolar BECs: Nonlocal Gross-Pitaevskii equation
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Dipolar BECs: Nonlocal Gross-Pitaevskii equation
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Stability: homogeneous space
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Stability: homogeneous space

B p2
8(p)—\/2m

For a short-range interacting gas with a<(

&(p) = \/ =
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Stability: homogeneous space

2 2,
# P p >
e(p)= +20n. |1+ 3¢cos’ 0 —1]
(P) \/Zm 2m - 0( 3g( ))}
é(p) = p\/gno \/1+C (3C0829 —1)
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If €,,>1 one has dynamical instability (phonon instability)
but only 1n some directions



Stability: trapped case




Stability: trapped case




Stability: trapped case




Geometry-dependent stability
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Trap aspect ratio A = w;/w,
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Trap-dependent stability and d-wave collapse
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2D solitons
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4 Gross-Pitaevskii equation
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ﬁark Solitons (a>0)

[Burger et al, PRL 83, 5198 (1999)]
[Denschlag et al., Science 287, 97 (2000)]
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1D NLSE

[Zakharov & Shabat.,
JETP 34, 62 (1972)]

Continuous solitons become unstable in 2D and 3D

Bright solitons (a<0) \

[Strecker et al., Nature 417, 150 (2002) ]
[Khaykovich et al., Science 296, 1290 (2002)]
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2D 1 [Pedri and Santos, PRL 95, 200404 (2005);
solitons Tikhonenkov, Malomed, and Vardi, PRL 100, 090406 (2008)]
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Without dipole . A=A, =A,) = (
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2D solitons

Collapse
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anisotropic solitons




2D solitons




