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MAGNETISM

Magnetic skyrmions unwrapped

Experiments with chiral magnets may hold the key to a better understanding of fundamental aspects of
transformations between different skyrmionic states, necessary for magnetic memory and logic applications to

become a reality.

Alexey A. Kovalev

ith the aim of developing
computing devices that operate
with low power dissipation,

scientists have been pursuing the idea of
encoding information in magnetic states.
Specifically, skyrmions, which can be
thought of as whirl-like states of magnetic
moments, are promising candidates for
this purpose. The advantage of skyrmions
lies in their topological protection, a
property implying that only a ‘global’
system modification can erase a skyrmion.
Realizations of skyrmions and other
topologically non-trivial magnetic textures’*
such as antiskyrmions — skyrmions with
mirror-reflected positions of magnetic
moments — and interconversions
between them may prove to be useful for
magnetic-memory and logic applications.
In this regard, researchers are trying to
find suitable materials and experimental
techniques for the design and manipulation
of such magnetic textures. Now, writing

in Nature Physics, Nikolai Kiselev and
colleagues’ report the observation

of a process in which skyrmions and
antiskyrmions are annihilated and created
while topological charge is conserved.
These results are expected to drive further
studies of various fundamental aspects
and control possibilities of topological
magnetic states.

The skyrmion was originally proposed
by Tony Skyrme as a field configuration
with a topological charge of a certain
class of nonlinear models describing the
nucleon in three-dimensional space plus
time*. A simplification of this configuration
in two-dimensional space plus time
corresponds to the magnetic skyrmion.

A sketch of a skyrmion’s magnetic texture

is shown in Fig. 1a. Upon stereographic
projection, this texture wraps once around a
unit sphere (see Fig. 1b), which is reflected
in the topological charge property. As
erasing such a texture would require a global
modification of the system, this wrapping
signifies topological protection and is
associated with a positive topological charge
of the skyrmion. On the other hand, the

b

Fig. 1| Examples of topological magnetic textures. a, A skyrmion with positive topological charge.
¢, An antiskyrmion with negative topological charge. b,d, The moments wrap around a unit sphere upon
application of stereographic projection.

wrapping is in the opposite direction

for the antiskyrmion’s magnetic texture
(see Fig. 1c, d) upon stereographic
projection, which then corresponds to a
negative topological charge. When brought
together, skyrmion and antiskyrmion

can annihilate, as the antiskyrmion can
‘unwrap’ the skyrmion’s texture into

a trivial configuration.

Skyrmions and antiskyrmions have
been realized in the form of lattices in
chiral bulk B20 compounds’, a class of
non-centrosymmetric materials, such
as FeGe and Heusler compounds®
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(materials with D,, symmetry, for example
Mn, ,PtSn). Skyrmion lattices have

also been discovered in systems with
structural asymmetry, such as magnetic
monolayers and multilayers’. Isolated,
metastable skyrmions or antiskyrmions can
appear upon the application of magnetic
fields of a certain strength in systems that
support skyrmion or antiskyrmion lattices.
Through careful engineering, isolated
skyrmions and antiskyrmions can be
realized within one and the same material®’.
This is potentially useful for information
storage and processing devices using both
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skyrmions and antiskyrmions as storage
bits. The operation of such information
storage and processing devices may involve
processes in which skyrmion-antiskyrmion
pairs are created or annihilated.

Theoretically, it had already been
shown that the combination of a twist of
the magnetization at the edge or interface
of a collinear ferromagnet and an applied
magnetic field pulse could result in the
generation of skyrmion-antiskyrmion
pairs in two-dimensional geometry'’. The
experiments by Kiselev and colleagues now
generalize this approach to ferromagnets
of finite thickness and thus expand
our capabilities for controlling the
transformations involving skyrmions
and antiskyrmions.

The authors used Lorentz transmission
electron microscopy to image very thin
chiral magnets in FeGe. This technique
has potential for imaging other topological
charge-conserving transmutations between
topologically non-trivial magnetic textures.

The key difficulty lies in distinguishing
between different topological textures. By
careful analysis involving micromagnetic
simulations, Kiselev and colleagues managed
to resolve skyrmions, antiskyrmions,
skyrmioniums (the overlay of two skyrmions
with opposite charge) and skyrmion-
antiskyrmion pairs. The precise control of
magnetic textures was possible through
careful tuning of applied magnetic fields,
which resulted in skyrmion-antiskyrmion
pair production or annihilation.

The multitude of topological textures
obtained while sweeping magnetic fields
between well-chosen magnetic field
strengths shows that the technique used by
Kiselev and colleagues can also be used for
realizations of other topological magnetic
states. As magnetic textures are relevant for
spintronics applications, materials science,
quantum computing, and future low-power
information storage and computing devices,
this work may resonate across many
disciplines of condensed-matter physics.
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FLUID DYNAMICS

from a toy water pistol on a hot summer’s
day. The liquid will come out of the nozzle
as a thread but will soon break up into
droplets (pictured), which have a smaller
surface area and are thus favoured by
surface tension. The instability that drives
the breakup of a liquid thread has been
studied in detail, but most previous work
focussed on single threads. Lingzhi Cai
and colleagues have now shown that, when
a series of threads are extruded parallel

to each other, the interactions between
the perturbations driving the instability
lock the droplets into a lattice (Sci. Adv. 8,
eabq0828; 2022).

The interfacial perturbations can be
modelled as waves travelling along the
thread with a natural wavelength that
depends on the thickness of the liquid
thread and dictates the distance between
drops. Cai and colleagues fabricated a
solid template with a range of periods and
showed that it could force the distance

Liquid drop crystals

Consider the refreshing jet of water flowing

Credit: AAAS

between drops to differ from the natural
wavelength. This suggested that a
template — such as an array of droplets —
did indeed influence the breakup of

each successive thread and enforced a
particular spacing between droplets.

Cai and colleagues proceeded to test
this with rows of printed droplets. Not
only did the first thread determine the
breakup pattern of all following threads,
but any defects introduced into the lattice
were eventually smoothed out, leading to
a uniform crystal. The wavelengths that

were closest to the natural one grew fastest
leading to a gradual convergence of the
droplet pattern to a lattice structure.

The team also explored a system in
which two sets of droplets were printed
by viscous threads that have different
thicknesses. Given that the natural
wavelength depends on the thread radius,
one would expect different wavelengths
in the two sets of droplets. However,
they found that a single wavelength is
selected by a mechanism similar to the
one smoothing out single-thickness
thread breakup.

The obtained drop crystals are an
elegant use of the jet breakup instability
and the presented approach might find
applications in controllable and scalable
material fabrication. a
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