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The vortex polarity svvitching in Heisenberg magnets with easy-plane anisotropy and different
types of SUijaCe anisotropies is studied. It is shown that near the threshold field the polarity of
heavy vortex is unstable to the small changes of the vortex width. The sU11ace anisotropy leads to
the pillow or barrel shape of the vortex width along the axis of the sample depending on the
anisotropy type. It results in inhomogeneous polarity reversal with injection of Bloch points.
The ultrafast manipulation of the complex magnetization dynamics is crucial for the physics of
nanomagnetism, in particular, for the nonvolatile magnetic random-access memories . One of the
promising candidates is a nanopartic1e in the vortex' ground state. Magnetic vortices correspond to
curling in-plane magnetization. The out-of-plane vortex core magnetization, the so calJed vortex
polarity Jl can be considered as a bit of information, when positive Ji encodes one state and negative
)L another one. The vortex polarity direction can be changed via external static or alternating
magnetic field [1-4]. As was mentioned by Thiaville et al. [1], this process can be accompanied by
injection of Bloch points. The vortex width is varied along the nanodisk axis due to influence of
magneto static interaction [5]. In this work we study ari influence of the vortex width changes on the
polarity switching process in Heisenberg magnets with easy plane anisotropy including different
types of surface anisotropy. We show that inhomogeneous vortex width leads to symmetrical Bloch
.
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First, let us consider the Heisenberg magnet with easy-plane anisotropy without surface anisotropy.
Its energy density in terms of the reduced magnetization m
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= {.Jl- m2 cos ¢, .Jl- m2 sin ¢, m} reads

,with h being an external magnetic field in units of the

C= .JAI K being magnetic length of magnet with exchange constant A and

anisotropy K. External static magnetic field directed along the nanodisk axis breaks the symmetry
between vortices with opposite polarities: light vortices (with the core magnetization along the
field) are energetically preferable, while heavy vortices (polarized opposite to the field) have higher
energies [7]. Magnetic field decreases the core width of the heavy vortex; during the switching the
vortex width varies, see Fig: 1. For the h = -0.588 and hi = -0.587 an equilibrium reduced vortex
widths equal w = OA12 and WI = OA13 respectively. The small reduce near the he demonstrates the
polarity switching. This process is accompanied by creation of the Bloch point in space-time
domain. In order to check this theoretical result, we perform the spin lattice simulations [6] for the
2D spin lattice. In main details the picture agrees with analytical results. However the vortex profile
is more complicated in simulations during the switching: the central few spins switch faster than
other ones and there appear a overshooting in the vortex shape profile.
In the 3-dimensional system the vortex width can be influenced by the surface anisotropy. We
study this case both analytically and numerically. Surface anisotropy changes the effective overall
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h = - 0.588. 1U = 0.412
- h = -0 .588, 'w' = OAll
· ··h j = -- O. ti87. 'lUI = OA13
hl = - 0.587. 1U~ = OA12
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Fig 2. Vortex width as ajimction of the z coordinate
along the nanodot axis for easy axis sUijace
anisotropy (EA) and two kinds of easy plane ones:
strong (EP 1) and normal (EP2). Sy mboiJ
correspond to simulations and solid lines to th
theory.

Fig. 1. Vortex polarity as a jimetion of time at the
thresholdjield h=-O.588 and lower one h, =-{).587 for
slightly different vortex widths.

anisotropy coefficient for spins on the surface, which
finally results in the barrel- or pillow-shaped vortex
width profile w (z) , see Fig. 2 for comparison
analytical results with simulations of different surface
anisotropy types and Fig. 3 for a whole vortex shape.
The reduced vortex width has a form
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Fig. 3. Shape of the vortex core for easy
plane (left) and easy axis (right) sur/ace
anisotropies.
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with K being the reduced surface anisotropy, Q ~ 1 and L being the thickness of the sample. The
easy plane surface anisotropy tends to the barrel-shaped profile with curvature increased wiln
growing of the surface anisotropy coefficient. The easy axis surface anisotropy leads to the pillow·
shaped vortex width profile. Action of the external field changes both the vortex shape and the
vortex width shape [7]. It results in change vv (z) to opposite: pillow-shaped for the easy plane ana
barrel-shaped for the easy axis surface anisotropies respectively. The variation of the vortex widto
leads to the inhomogeneous polarity switching along the nanodisk axis, when the field intensit!
reaches some critical value: in places of the minimal w (z) Bloch points are injected into th1
sample.
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