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One-dimensional non-relativistic ultracold bosonic gases behave according to the
Lieb-Liniger model. The complicated potential between atoms is represented by
a simpler contact interaction. I present mean field solutions and the full wave-
function. Bright solitons are solitary waves that propagate without spreading for
a long time. They are solutions to the Gross-Pitaevskii equation, which describes
the aforementioned mean field approximation to the Lieb-Liniger model with at-
tractive interactions. Repulsive regime was already studied in [1]. Furthermore,
I present the so-called breather that is a time dependent solution of the Gross-
Pitaevskii equation. The initial stable function begins to oscillate after a fourfold
change of the attractive interaction strength. The so-called Bethe ansatz provide
us a wavefunction that is an exact solution to the Lieb-Liniger problem. I depict
the similarities and differences between Bethe ansatz ground states and mean field
solitons. Next aim is to compare time evolutions of the mean field and the Bethe
ansatz solutions for the breather problem. Both solutions are similar qualitatively
for small number of particles, i.e. they oscillate and reveal density minima, but
they differ quantitatively, e.g. periods and density peaks vary significantly, which
can be compared with semi-mean-field approximations [2].
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