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Vortex solitons in Bose-Einstein condensates with spin-orbit coupling
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Bose-Einstein condensates can be well decribed by the Gross-Pitaevskii
equation.We generalize the Gross-Pitaevskii (GP) equation by incorporating various effects and
studied various nonlinear phenomena in the generalized GP equations. The soliton and vortex are
typical nonlinear solutions to the GP equation. When two solitons with positive anf negative mass
interact with each other, the negative mass soliton escapes from the positive mass soliton. When the

magnitude of the mass is the same, the two solitons are accelerated infinitely. When the ultra cold
gass has posituve and negative charge, the effect of the electric field needs to be considered. In
a parameter range, the charge-density-wave state appears. In another parameter range, dipole or
quadrupole type soliton appears.
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