{; () Leibniz

i ©; Z§ Universitat
too:4 § Hannover

Theory of dipolar gases (1)

i Y

Luis Santos

Institute of Theoretical Physics and
Center of Excellence QUEST
Leibniz Universitit Hannover

Varenna, July, 2014



Bogoliubov spectrum
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Two-dimensional dipolar condensates
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Two-dimensional dipolar condensates




Two-dimensional dipolar condensates




Two-dimensional dipolar condensates




Roton-like minimum in 2D dipolar condensates

g=-0.04; g,~0.06




Roton minimum in Helium-II




Roton-like minimum in 2D dipolar condensates

g=-0.04; g,~0.06
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Roton instability
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Roton-like minimum 1n 3D (pancake) dipolar condensates

u>nw, g>0
W,
\ L / A roton-like minimum will appear now

Recall that in 2D: Ez(q) = q2 [q2 + 2(8 + 8dG(Q))]

distances >>1, ql, <<I
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distances ~1, ql,~1




1 . . . [Santos et al., PRL 90,
Roton-like dispersion in 3D S0 (I
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Roton-like dispersion




Roton instability

Roton instability
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Stability

Roton instability
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Roton-like minimum (with g>0) S LED

The roton-like minimum results from the
g-dependence of the DDI

Conditions for a * Large-enough ratio DDI//contact
roton-like minimum - S o T e
(for g>0) i ancake traps (but in the 3D regime)
A.
1/

Roton-like minimum at
q~1/1,
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1 : . - : [Santos et al., PRL 90,
Roton-like dispersion: approximate expression 2;;‘)45’; 200%)
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Roton-like dispersion: approximate expression — [Seniosctal. PRLS.

250403 (2003)]
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[Jona-Lasinio, Lakomy and Santos,

Local roton spectrum PRA 88, 013619 (2013)]

e \4 )
The roton dispersion in  &(g,p)” = (h ) - F(gd )( c ),u(p) + (ha))2
trapped BECs has a local
character for sufficiently u ,0) 1y (1 Ll Rz)

pancake traps




[Jona-Lasinio, Lakomy and Santos,

Local roton spectrum PRA 88, 013619 (2013)]
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[Jona-Lasinio, Lakomy and Santos,

Local roton spectrum PRA 88, 013619 (2013)]




Local roton spectrum
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[Jona-Lasinio, Lakomy and
Santos, arXiv:1301.4907]

£ (7= F(P)W ()@
F (,F)) narrowly peaked around q,
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[Jona-Lasinio, Lakomy and

Local roton spectrum Santos, arXiv:1301.4907]

_ Jno[l_%_%} £(7.0)= F(P)W (x), )

F (,F)) narrowly peaked around q,

B h’ > 1 e
e'F(p)=|& +—(q-q,) +=m.w.p" |F(p)
= 8Dl 2 ;
Rashba-like q
dispersion like /
trapped BECs with

spin-orbit coupling



Local roton spectrum e
7)- Jno[l_f%_%} £ (1) = F(p)W (x)(7)
( )narrowly peaked around q,
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Lowest : | i
localized F(,O) =Y (p,q)) oxe™J (qr,o)e‘p :

roton states
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[Bisset, Baillie, and Blakie,
PRA 88, 043606 (2013)]
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[Jona-Lasinio, Lakomy and

Roton modulational 1nstab111ty Santos, arXiv:1301.4907]

The localized roton states W ( 0, ¢2)Oc e ( q ,0) LT
play a crucial role in the roton instability
a,<a,

a.>a.
(Roton-unstable)

(Roton-stable)
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Consequences of the roton spectrum

A deep roton leads to an enhanced
susceptibility against the creation of
density modulations with the roton A

wavelength, when imposing a I N
perturbation (e.g. a vortex) . S
L ancRENRERATS, 0616U2(R).L2E90), From [Yi and Pu, PRA 73, 061602(R) (2006)]

Wilson, Ronen, Bohn, and Pu, PRL 100, 245302 (2008)]

Since the roton depth is local
the susceptibility 1s also
local. This may be seen e.g.
in vortex lattices.




Local depletion
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Dipolar Fermi gases: Deformation of the Fermi surface

For short-range interacting What happens in a dipolar
Fermi gases the Fermi surface Fermi gas?

1S 1sotropic
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Dipolar Fermi gases: Deformation of the Fermi surface

[Miyakawa, Sogo, and Pu, PRA 77, 061603 (2008)]
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Deformation of the Fermi surface (homogeneous system)

[Miyakawa, Sogo, and Pu, PRA 77, 061603 (2008)]
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Deformation of the Fermi surface (homogeneous system)

[Miyakawa, Sogo, and Pu, PRA 77, 061603 (2008)]
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Deformation of the Fermi surface (homogeneous system)

[Miyakawa, Sogo, and Pu, PRA 77, 061603 (2008)]
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Deformation of the Fermi surface (homogeneous system)




Deformation of the Fermi surface (homogeneous system)

[Miyakawa, Sogo, and Pu, PRA 77, 061603 (2008)]
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Deformation of the Fermi surface (trapped case)

[Aikawa et al., arXiv:1405.2154]
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[Miyakawa, Sogo, and Pu, PRA 77, 061603 (2008)]



