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Magnetic vortices in nano-objects 
 
The active control of nonlinear dynamical systems is a fastly developing area of con-
densed matter physics. Artificial nanomagnetic systems (magnetic nanoparticles and 
their superstructures) have acquired a significant place in physics as well as in technol-
ogy. Essentially inhomogeneous states can be realized in magnetic nanoparticles. Due 
to nontrivial topological properties and nonlinear interactions, a problem of dynamics of 
inhomogeneous states in nanomagnets is a problem of non one dimensional topologi-
cal solitons. Recent direct experimental observations of vortices in such systems argue 
that vortices can form a ground state in such nanoelements. Namely magnetic vortices 
provide stable bit at the scale of about 100 nm. Magnetic nanoparticles at vortex state 
and their structures are very promising candidates for the high density magnetic stor-
age and high speed magnetic random access memory.  
 
A short overview of statics and dynamics of magnetic vortices in nanomagnets will be 
presented. In particular, we discuss the vortex structure in nanodots of different geom-
etries and curvatures. We consider magnetization dynamics in nanodots: linear problem 
of vortex-magnon interaction and nonlinear vortex dynamics. The special interest is a 
controlled vortex dynamics under the influence of magnetic fields and spin-polarized 
currents. We construct a theory of the vortex polarity switching phenomenon; we de-
scribe the mechanism of the creation of the topological singularities under the switch-
ing process. A special interest is spatially periodic vortex-antivortex structures which 
appear in nanomagnets under influence of spin-transfer torque. We also discuss the 
interplay of topological defects with curvature for out-of-surface magnetic vortices in 
thin spherical nanoshells: the curvature of the underlying surface leads to a coupling 
between the localized out-of-surface component of the vortex with its delocalized in-
surface structure, i.e., polarity-chirality coupling. 
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