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The goal of the work

Let we know equation of state
U= ,u(n) of the medium and
the energy of a tlat soliton E (V, ,u)
in a uniform medium. Can we solve

more complicated problems?



A standard example. GP-equation
for the condensate wave function
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“Grey” soliton in an uniform

condensate
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Density perturbation
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Parameters of a BEC soliton

E - 4hm( ) _V2)3/2 _ 4hm 3
38 38
szﬁ,NS: aES — 2hu
m ou g



General system

Order parameter

W =|W|e™ still exists.

However current j # ‘\P‘z ho O

Non - local relation between
jand 0 O.

Fermionic supertluid!



Condensate in external potential.
Local density approximation (LDA)
L, >>¢&

u—pu-U(X)
Energy conservation
E (V,u- U(X )) = const



Dynamics of soliton in LDA.
Energy conservation.

dEs _ dE; ,,dV _dEs dU

= > V=0
dt dV dt du dX
"Newton equation": m, d—V——N av
dt > dX
dE
dV?
Number atoms in soliton
F dE
N.= |[nlx)—nldx = )
s = JInlx)-mde ==

10



BEC example

InBEC: E,=E(u/m-Vv?)
N, =L omt = =,
2m N
Soliton moves as a paticle of mass 2m

V.Konotop, L. Pitaevskii, 2004
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FlG. 20 Absorption. images of BEC's with kink-wise strie-
Lures |:-m|'.u,|_.]:-|||n;_. i the dirsction of the lomg condensate
axis, tor diflerent evolution times i the magnatic trap, |

(A~ o, N = 15 = 1F, and 1y = 4 ms).

Burger et al., 1999
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Solitons in BEC
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Engels and Atherton, 2007

13



Harmonic trap
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Frequency of small oscillations
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BEC in a harmonic trap

For BECin a trap :

a):a)x/ﬁ.

For small osci

lations:

T. Bush, J. Ang

Actually1s valid for arbitrary amplitudes.

1n, 2000.
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