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Abstract

We show that transmutation of linear momen-
tum into position may occur in a system of three
magnetic vortices thanks to a direct link between
topology and dynamics in a ferromagnet. This
happens via exchange between the linear mo-
mentum of a vortex-antivortex pair and the posi-
tion of a single vortex during a semi-elastic scat-
tering process. Vortex polarity switching occurs
in the case of inelastic collisions. [1]

1 Magnetic vortices

Vortex (S = 1), Antivortex (S = −1)
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A vortex is a magnetization [m = (mx,my,mz)]
configuration of the form:

mz = λ cos Θ(ρ),

mx + imy = 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 angle.

Vortex-antivortex (VA) pairs [2]

Same vortex polarities: the pair undergoes Kelvin
motion in a direction perpendicular to the line
connecting the vortex and the antivortex with ve-
locity (v) that is inversely proportional to the dis-
tance (d) between the two vortices [3].

Opposite vortex polarities: the pair undergoes ro-
tational motion around a fixed guiding center [4].

Topological charge: Skyrmion number

N ≡
1

4π

∫
n dxdy, n ≡

1

2
ǫµν (∂νm× ∂µm) ·m.

For vortices: N = −1
2 S λ.

Linear momentum

Px = −

∫
y n dxdy,

Py =

∫
xn dxdy. (1)

2 Vortex pair scattering

VA pair velocity v = 0.1
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Vectors: (Mx,My), Contours: Mz

Solid line contours: positive polarity (Mz > 0)
Dashed line contours: negative polarity (Mz < 0)

Process: A single vortex C (negative polarity) is
initially at rest at position RC = (0, 0)[⇒ PC =
(0, 0) ]
A Kelvin pair (AB) (positive polarity) moves along
y axis [velocity v = 0.1, momentum PAB =
(0, 62)] and collides with C.

Result: Vortex C is shifted to a new position
RC = (10,−6)[⇒ PC = (2π × 10, 2π ×−6) ].
Pair AB has changed its momentum to PAB =
(−36,−17)

Violation of momentum conservation? No!

Conservation of momentum (1) means:

∆PAB + ∆PC = 0

or
∆PAB + 2π × ∆RC = 0

i.e., we have transmutation of VA pair momen-
tum into vortex position!

t = 310t = 0

t = 450 t = 800

The vortex dynamics has also been simulated
using collective coordinates.

3 Switching of vortex polarity

VA pair velocity v = 0.5
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Antivortex B annihilates with vortex C (negative
polarity). Vortex A (positive polarity) remains.

We thus obtain vortex polarity switching [5–7].

Solitary wave velocity v = 0.9

Magnetic solitary wave (velocity v = 0.9) colli-
sion onto a vortex C (negative polarity). A gener-
ated antivortex annihilates with vortex C. A vor-
tex with positive polarity remains.

Solitary wave velocity v = 0.95

Magnetic solitary wave (velocity v = 0.95) scat-
tering onto a vortex C.

4 Summary

In a collision of a VA pair (positive polarity)
against a single vortex (negative polarity) we
have the following (v: velocity of VA pair):

• v < 0.3: Scattering of VA pair ⇒ transmutation
of its momentum into vortex position.

• 0.3 < v < 0.9: Annihilation of vortex and an-
tivortex ⇒ Switching of vortex polarity.

• v > 0.9: Scattering of magnetic soliton onto
vortex.

We see that: the unusual definition of the linear
momentum (1) is physically relevant.
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Tyliszczak, R. Hertel, M. Fähnle, H. Brückl, K. Rott,
G. Reiss, I. Neudecker, D. Weiss, C. H. Back, and G.
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