Introduction

Skyrmions are named after the British nuclear physicist Tony Skyrme, who first
proposed their existence in 1961 [2]. His idea was to model subatomic entities like
protons and neutrons using convoluted twists in the quantum field that all parti-
cles possess .Chiral magnetic skyrmions are topological magnetic configurations
that are stabilised in materials with the Dzyaloshinskii-Moriya interaction.Effective
two dimensional textures described by a local magnetization direction m can be
classified by the skyrmion number :

Q = i/m - (Opym X Oym)  dzdy. (1)

We assume a ferromagnetic material as a two-dimensional system lying on the
Xy-plane. The micromagnetic structure is described via the magnetization vector
m = m(z, y) with a fixed magnitude normalized to unity, m” = 1. We will assume
a ferromagnet with exchange interaction, a Dzyaloshinskii-Moriya (DM) interac-
tion, and an anisotropy of the easy-axis type perpendicular to the film, governed
by the normalized energy

1

A summation over repeated indices u = 1,2 is assumed.Static magnetization
fields are local minimizers of E satisfying the normalized Landau-Lifshitz equation

mxf=0 , f=09,0,m+mse3—2\(, - (0y,m x m)) (3)

is minus the variational gradient of £ = E/(m) . We measure lengths in units of the
domain wall width ¢,, = \/A/K where A is the exchange and K the anisotropy
parameter. The equation contains a single parameter

A= D
lw 2WAK'
defined via an additional length scale of this model /¢ = D /(2K ) , where D is the

DM parameter ( a parameter which differs from A only by a constant factor has
been introduced).

(4)

BP Skyrmion

we have the model that contains only the exchange interaction,our goal now
Is to find explicit solutions of the static Landau-Lifshitz equation .lt is conve-
nient to map the magnetization defined on the sphere, to a complex function
u = u(z), with z = x + 7y.The stereographic projection of a point on the sphere
m = (sin 6 cos ¢, sin f sin ¢, cos 6) to the complex plane is given by

U= mlxj;;:y = tan gew. (9)
The static Landau-Lifshitz equation in the new function u, becomes
0 =i0m = —00u + 2 2u Oudu, (6)
1+ |ul?

where 0 = 0/0, = (0/0; —10/0y)/2 . One immediately observes that any har-
monic function is a stationary solution [1].

ou(z) =0 or Ou(z)=0. (7)
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For example, a solutions of this form are

a o
U = Qz, ozzQ, —, —, QZ, a € RT
2 Z

..........................
..........................
..........................
............................
\\\\\\\\\\\\\\\\\\\\\\\\\\
,,,,,,,,,,

,,,,,,,,

,,,,,,,

,,,,,,

‘‘‘‘‘

\\\\\\\

\\\\\\\\

\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\
;;;;;;;;;;;;;;;;;;;;;;;;;;
--------------------------
-------------------------

;;;;;;;;;;;;;;;;;;;;;;;;;;

|||||||||
—————————————

Fig. 1: The figure represent some BP-skyrmions , the vectors shows the projection of m on the plane, i.e., (m, msy).The

3rd component of the magnetization mj is represented by the color code as shown on the right of the figure.

Axially symmetric skyrmionic textures

We can find the skyrmion numerically , within a model with exchange , anisotropy
and DM interaction, a skyrmionic texture with Q = 1 , for the parameter value range
0 <A< % . We Choose latice spaces ox = oy = 0.1,0.15, 0.2 and for the numerical
meshes was fixed to 200 x 200 , 300 x 300 sites

Fig. 2: Two Skyrmions for lattice space éx = dy = 0.2 and lattice size 30 x 30 for value of DM parameter A = 0.5 .

A magnetic skyrmionium is a topological quasi particle that is composed of a super-
position of two magnetic skyrmions of opposite topological charge (A skyrmion with Q
= 1 and an anti-skyrmion with Q = 1) adding up to zero total topological charge Q = 0
. An ansatz for a () = 0 configuration is

u:z—g or u:i(z—g), (8)
z z

Skyrmionium isn’t BP-Skyrmion, but we can find it numerically for the parameter value
range 0.5 < A < % and for initial condition with radius p > 2.0 . We Choose latice
spaces ox = oy = 0.1,0.15, 0.2 and for the numerical meshes was fixed to 200 x 200 ,
300 x 300 sites

Fig. 3: A skyrmionium for lattice space éx = oy = 0.2 and lattice size 30 x 30 for value of DM parameter A\ = 0.55.

Another interesting result is the dependence of the skyrmion and skyrmionium radius
on the parameter of the DM term.

Fig. 4: The figure represent the radius of skyrmion(blue) and skyrmionium inner (red) and outer (black) by the parameter of
DM term .
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Non-Axially symemetric skyrmionic textures

We study () = 0 solitons that can be constructed as skyrmion-antiskyrmion pairs.
This is an asymmetric configuration and its shape resembles that of a liquid droplet
. An ansaiz for a () = 0 configuration is conveniently given in terms of the stereo-

graphic variable as
a a

= : or u= —, (9)
x + iyl y| — i

We find numerically the droplet for range of the values of the dimensionless pa-

rameters 0.6125 < A\ < 2/m, k = 1.0.We are looking for a non-axially symmetric

solutions of this model with skyrmion number Q- = 1/2 and Q— = 1/2 . An inter-

esting object can be created if we assume that we have in a film a meron and an

antimeron in proximity to each other. An ansatz given in terms of the stereographic

variable

u

Z—

U = , (10)
zZ+a
Bimeron we can find it numerically for a model with easy-plane anisotropy
mxf=0 , f=0,0,m-— k*maés — 2M(€y - (Oym x m)), (11)

and the parameter of DMI value range 0.25 < A < 0.5.

Fig. 5: The figure represent a Droplet(left) which find it numerically with parameter of A = 0.62 and Bimeron(right) wich

found numerically as a static solution for DM parameter A = 0.35 and easy-plane anisotropy k£ = 1.0.

Conclusions

We studied static solutions in 2-dimensions of micromagnetic phenomena in mod-
els on the sphere (heisenberg models). We considered and studied a model with
exchange,anisotropy (easy-axis and easy-plane) and Dzyaloshinskii-Moriya (DM)
interaction . Especially the Dzyaloshinskii-Moriya (DM) term gived to us the pos-
sibility to found and studied Skyrmionic textures solutions for realist models in mi-
cromagnetics. We started our computations for axially and non-axially symmetric
configurations and we compared our numerical result with BP-Skyrmions . Further-
more we manage to find solutions with topological skyrmion number () = 0, £1 and
energy boundaries for every single configuration .
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