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Abstract

Vortex-antivortex pairs are localized excitations
and have been found to be spontaneously cre-
ated in magnetic elements. In the case that the
vortex and the antivortex have opposite polari-
ties the pair has a nonzero topological charge,
and it behaves as a rotating vortex dipole. We
find theoretically, and confirm numerically, the
form of the energy as a function of the angu-
lar momentum of the system and the associated
rotation frequencies. We discuss the process
of annihilation of the pair which changes the
topological charge of the system by unity while
its energy is monotonically decreasing. Such
a change in the topological charge affects pro-
foundly the dynamics in the magnetic system.
We finally discuss the connection of our results
with Bloch Points (BP) and the implications for
BP dynamics.

1 Vortex and Antivortex

Vortex (S = 1), Antivortex (S = −1)

-5 0 5
-5

0

5

-5 0 5
-5

0

5

This is a magnetisation [m = (m1,m2,m3)] con-
figuration of the form:

m3 = λ cos Θ(ρ), m1 + im2 = sin Θ(ρ) eiS(φ−φ0).

(ρ, φ): polar coordinates
S = 1, 2, . . . is the winding number
λ = ±1 is the vortex polarity
φ0: constant, called the vortex orientation.

Topological charge

Definition:

N ≡
1

4π

∫
n d2x, n ≡

1

2
ǫµν (∂νm × ∂µm) · m.

For vortices: N = −1
2 S λ.

A vortex-antivortex pair

2 Experiments

Sample
Square NiFe elements: 1.5µm×1.5µm×50nm [1].
Circular Py elements: radius R = 500nm [2].

Process [1]
Alternating magnetic field (250 MHz, 0.1 mT).
Add a ”burst” of 1.5 mT, for one period.
Check (by XMCD) that you obtained vortex core
switching!

Process [2]
a.c. electrical current.
Vortex is initially set in motion.
Check (by MFM) that you obtained vortex core
switching!

Mechanism
Dynamics of vortex-antivortex pairs.

3 Model

Energy (exchange and easy-plane anisotropy):

E = Ee + Ea,

Ee =
1

2

∫
(∇m)2 d2x, Ea =

Q

2

∫
(m3)

2 d2x.

Dynamics given by the Landau-Lifshitz equation
(LLE):

∂m

∂t
= m × f , f ≡ ∆m − Qm3 ê3.

4 Dynamics of the vortex dipole

The angular momentum within LLE:

ℓ =
1

2

∫
ρ2 n dxdy,

and measures the size of the dipole.
Let d the distance between vortices, then ℓ ∼ d2.

Since n is positive everywhere we have ℓ 6= 0.
Thus the dipole should be rotating.

This is confirmed by
(i) a numerical simulation of the LL,
(ii) the result of the Thiele equations for this sys-
tem.

Vortex dipoles rotating at a constant an-
gular frequency ω.
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Left figure: distance between vortices d = 2.7
and ω = 0.06.
Right figure: distance between vortices d = 1.85
and ω = 0.17.
(ω is in units 4πγMs, Colours code the vortex po-
larity).
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Numerically calculated energy as a function of
the angular momentum for vortex dipoles in
steady state rotational motion.

Rotation frequency

We have
ω =

dE

dω

and is thus given by the slope of the E(ℓ) curve.

Now, use Derrick’s scaling argument to find

Ea = ω ℓ.

For well-separated vortices:

ω =
π

ℓ
=

2

d2
.

For a very small vortex dipole (d → 0), one can
use the exchange model solution

Ω ≡
m1 + im2

1 + m3
=

ζ̄ + a

ζ̄ − a
, ζ ≡ x + i y,

and find

Ea =
Q

2
ℓ ⇒ ω = 1/2, for d → 0.

5 Bloch Points

• Suppose a film of finite thickness t where a
vortex-antivortex line has been created [3].
(see next figure.)

• The vortex lines move towards one another in
order to minimize energy, and they are annihi-
lated first, say, on the upper film part.

• A Bloch Point has been created!
⇒ The dynamics of a Bloch Point should be
related to vortex-antivortex dynamics.

Antivortex line
in a film

Vortex line
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