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OUTLINE

Analytical solution for the vortex lattice in a rapidly rotating
trapped 2D Bose-Einstein condensate in the lowest Landau
level approximation. Cases of symmetric and asymmetric
external harmonic potential are considered.

*Exact spectrum for alow energy excitations of vortex
lattice (Tkachenko modes) is found. The dumping due to
the quasiparticles decay is calculated.

*The density matrix is calculated. It has an algebraic decay,
Indicating on the absence of long-range order in the vortex
lattice already at zero temperature.



FIG. 12 Images of expanded ®"Rb condensates showing (a)
small vortex array for slow rotation and (b) large vortex array
for rapid rotation. Note the highly regular triangular form.
Adapted from Coddington et al. (2004).



Gross-Pitaevskii equationin the lowest
Landau level. Solution for a symmetric
harmonic potential
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Q= w  — Exact solution:
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Comparison with numeric simulation
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Angular-averaged density 7(r) in units of nop versus r (in units of I) for R = 11

*(Solid curve-analytic, filled circles-numeric)



Condensate wave-function |i{(x, y) 2 for R = 11.



*The course grained density:
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. The coarse grained density




1D geometry:
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*The solution (ansatz):

N ) A N ( 2n+1)%2  iwC(2n + 1))
f(Q) = NGz ﬂ;ﬂ@(—l) g(2n + ﬁexp imT 1 + ™ )
m2a? - 2
gla) (P:* - ) — 31/4 mﬁz gla—b)gla —c)gla —b— c)exp [_E(b? + CZ}} (—1)™F
1 b,c

U

1 1/2 T —

= 4R?

R ~ (3a/73/8)/3.




Line-averaged density analytic(solid curve) and

numeric (filled circles) results:
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Density profile |¢)(x, y)|? for 3 ~ 50



Coarse grained density:
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Phase diagram for a condensate in the narrow
channel (numerical results)

* Numerical minimization of the energy
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Fig. Condensate wave-function |i¢(z,y)|? for

different values of the interaction strength: a) j1>
8=0,b)3=5.2,¢c)8=10,d) 3=19.2, e)

8 =30, f) =50, g) 8=100.
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FIG. 9: The same as in Fig. 7 for: h) 8 = 200, k) 3 = 300.
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FIG. 11: Zero temperature phase diagram for a rapidly rotating condensate in the narrow channel. Solid vertical lines indicate
the points of first order transitions, and the dashed line the point of the second order transition. The bold solid line shows the
transition between the states ¢) and d) (see text). The numbers from 0 to 6 stand for the number of vortex rows in a given
range of 43 and the filled areas correspond to corrugated /density-wave states. The letters from a) to k) indicate the figure in
which a given vortex state is shown.
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FIG. 12: Chemical potential in units of hiwo as a function of 3. The dotted line indicates the transition between the states c)
and d) (see text). The insets show the dependence ,u,(d} in the vicinity of the quantum transitions at 3 = 4.9 (upper inset) and
at .3 ~ 18.9 (lower inset). The dashed lines in the insets indicate the derivative d,u,,.fd',ﬁ in arbitrary units.



Solution for asymmetric harmonic potential
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*The solution:
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Condensate wave-function |¢(x,y)|2 for R = 7,
tanhv = 1/4. Coordinates  and y are given
iIn units of [.



Density profile:
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Exact spectrum for a low energy excitations
of vortex lattice (Tkachenko modes)
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Density matrix
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Density matrix: p(|z
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RESULTS

Analytical solution for the vortex lattice in a rapidly rotating
trapped 2D Bose-Einstein condensate in the lowest Landau
level approximation. Cases of symmetric and asymmetric
external harmonic potential are considered.

*Exact spectrum for alow energy excitations of vortex
lattice (Tkachenko modes) is found. The dumping due to
the quasiparticles decay is calculated.

*The density matrix is calculated. It has an algebraic decay,
Indicating on the absence of long-range order in the vortex
lattice already at zero temperature.



