with saponite’s proposed catalysis of hetero-
cyclic-amine molecules such as tryptophan,
also raises the possibility of abiotic synthesis
of other heterocyclic amines called pyrimi-
dines and purines, which are components of
the nucleic acids DNA and RNA. Moreover,
saponite has the potential to promote the
formation of organic polymers'>**.

Beyond the potential for the synthesis and
accumulation of organic compounds that
were probably important in the origin of life,
serpentinization has two other characteristics
that have intriguing implications regarding
the origin of life and the establishment of hab-
itable conditions™®. One characteristic is that
serpentinization produces heat. The gradient
of temperature can reach more than 200°C
at the site of the serpentinization reaction®.
This, in turn, promotes hydration and there-
fore expansion of rocks, which is the other
intriguing characteristic of serpentinization.
However, if part of the ocean floor ‘sinks’
(subducts) into Earth’s interior as tectonic
plates move, the greater heat and pressure
encountered on its descent into the deep sub-
surface region would reverse such serpenti-
nization, and the water released during this
reversal could help to give rise to volcanoes
on the ocean floor'. This, in turn, might help
to recycle key elements that support life.

The geological record at the time of life’s
origin, 3.5 billion to 4.4 billion years ago, is
enriched in iron- and magnesium-containing
minerals (characteristic of the rocks that form
Earth’s mafic crust), and in other elements
that could have been extracted from rock in a
process mediated by high-temperature water,
strongly pointing to hydrothermal activity at
that time. Yet, during the first billion years
of Earth’s history, the heat from the mantle
was too great for plate tectonics to occur'”*.
Consequently, heat would have been lost from
Earth’s interior mainly through volcanoes on
the ocean floor. Earth’s crust would have been
rich in silicate minerals and iron'”"*, allowing
high rates of serpentinization and producing
high concentrations of hydrogen and organic
compounds.

Extensive circulation of seawater through
volcanic rock during this time might have
resulted in heat, fluid and gas ascending
from the depths to create convective cells — a
phenomenon characterized by currents due
to density differences in the liquids or gases
present. In the volcanic-rock environment,
this could have led to associated gradients of
temperature, pressure, chemical composition
and wet—-dry cycles (hydration-dehydration
cycles known to promote chemical reactions
that include the polymerization of organic
compounds). Regardless of how life originated
and in what environmental setting it was first
established, serpentinization probably had an
important role in facilitating the availability of
organic chemicals required for life.

Understanding serpentinization at Lost
City has wider scientific implications. Saturn’s

icy moon Enceladus has many of the chemi-
cal properties known to support life'* that
are seen in serpentinizing environments
such as those of Lost City. Whether or not
Enceladus, or indeed other icy moons such
as Jupiter’s Europa, could or did support life,
they nevertheless could provide insight into
geochemical processes that might lead to life.
Such geochemical analysis seems to support
the hypothesis that hydrothermal systems
might have had an essential role in the ori-
gin of life. A more far-reaching implication
of the work by Ménez and colleagues, and of
others investigating hydrothermal vents, is
that efforts to understand the characteristics
of these settings might aid efforts to search
for life beyond Earth. A planetary body with
evidence of geophysical properties, including
plate tectonics and hydrothermal systems,
might have a higher probability of acquiring
and supporting carbon-based life than plan-
etary bodies lacking such geophysical proper-
ties. If true, then targeting such planets might
also increase our probability of finding such
life. m
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Elusive spin textures

discovered

Magnetic materials can host a range of structures called spin textures. Two such
textures — a meron and an antimeron — have been observed experimentally for
the first time, in a material known as a chiral magnet. SEE LETTER P.95

SEONGHOON W00

agnetic moments (spins) in
magnetic materials can form various
structures known as spin textures. In

most cases, spins of neighbouring atoms tend
to align parallel or antiparallel to each other,
resulting in ferromagnets or antiferromag-
nets, respectively. However, in some materi-
als called chiral magnets that have unusual
physical interactions between spins owing to
a peculiar crystalline or multilayer structure,
spins align in an intricate fashion: a topologi-
cal spin texture. On page 95, Yu et al.' report
the first experimental evidence for two such
textures, and observe transitions between
textures that could have applications in spin-
based electronics (spintronics).

The archetypal topological spin texture is
a small, swirling magnetic knot known as a
magnetic skyrmion (Fig. 1). In a skyrmion, the

orientation of spins rotates progressively from
the up direction at the edge of the texture to
the down direction at the centre, or vice versa.
The properties of a skyrmion can be character-
ized by a value of either -1 or +1 for a quantity
called the topological charge.

Magnetic skyrmions were discovered” in
2009 and were observed at room tempera-
ture’ in 2015. Since then, they have been at
the centre of research in many scientific and
technical fields, for at least three reasons”. First,
they can be very stable, owing to a phenom-
enon called topological protection. Second,
they can be extremely tiny (with diameters
in the nanometre range), which means that
they could be used in future nanotechnol-
ogy. And third, they exhibit energy-efficient
current-driven behaviour that is suitable
for next-generation low-energy spintronic
devices such as those involving computer
memory, logic, information transmission and
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neuromorphic (brain-like) computing.

The remarkable properties of magnetic
skyrmions have inspired strong worldwide
research efforts looking for the other types
of topological spin texture that could exist in
chiral magnets: antiskyrmions, merons and
antimerons (Fig. 1). In 2017, antiskyrmions
were observed’ in chiral magnets called acentric
tetragonal magnetic Heusler compounds,
which have unusual crystal structures. How-
ever, merons and antimerons have been elusive.

Skyrmions were initially considered in
many areas of physics other than the study
of magnetic materials. Likewise, the concept
of merons and antimerons originated in clas-
sical field theory® and was later applied to
particle physics’ and to condensed-matter
systems such as quantum Hall materials® and
chiral magnets and spintronics’. In chiral
magnets, merons and antimerons have differ-
ent topological properties from skyrmions. In
merons and antimerons, the spins at the core
region point in the up or down direction, but
those at the periphery align in the plane of
the material, corresponding to a topological
charge of =¥ or +%.

Many theoretical studies in the past few
years have asserted the possibility of the exist-
ence of merons and antimerons in chiral
magnets that exhibit in-plane magnetic anisot-
ropy'*"' — a property in which the response of
the material to a magnetic field is largest when
the field is directed along the plane of the mate-
rial. Yu and colleagues tested this prediction
using a thin film of a chiral magnet containing
cobalt, zinc and manganese that has a cubic
crystalline structure and in-plane magnetic
anisotropy. The authors carefully engineered
the material composition of the film, because
they found that the composition had a substan-
tial effect on spin texture.

Yu et al. then carried out highly sophisti-
cated spin-visualization measurements of
the synthesized magnetic film using a tech-
nique called Lorentz transmission electron
microscopy. This technique could resolve
spin orientations using the interaction between
electrons from the microscope and the spins in
the presence of a magnetic field. The authors
performed spin-texture imaging at various
temperatures and magnetic-field strengths.
On the basis of these observations, the work
presents several key achievements.

Yu and colleagues are the first to have
observed merons and antimerons in a chiral
magnet. When the authors applied a magnetic
field of 20 millitesla perpendicular to the mag-
netic film at a temperature of 295 kelvin, they
observed a stabilized square lattice of merons
and antimerons. Such a lattice is characterized
by periodic arrays of alternating convergence
and divergence of magnetization. Unlike the
typical hexagonal lattice of skyrmions, in
which no antiskyrmions exist, it is noteworthy
that the observed square lattice contained both
merons and antimerons — a configuration that
was often considered as a separate spin texture,

o ‘“"\ \s‘

\, = 2 P

u\\ \L\‘q
V\V‘ \)

Antimeron

Figure 1 | Topological spin textures in a chiral magnet. In materials known as chiral magnets, magnetic
moments (arrows) can form intricate patterns called topological spin textures. The four types of texture
that could exist in a chiral magnet are skyrmions, antiskyrmions, merons and antimerons. Yu et al.!

report the detection of merons and antimerons in a particular chiral magnet, and the observation of
transformations between topological spin textures. The colours indicate the spatial direction of the
magnetic moments out of the plane of the material, from the up direction (blue) to the down direction
(red). The schematics show textures that have particular values for a quantity known as the topological
charge: -1, +1, — % and + ¥ for the skyrmion, antiskyrmion, meron and antimeron, respectively.

called a bimeron, in previous theoretical
studies'.

A more substantial achievement of Yu
and colleagues is their demonstration that
the square lattice of merons and antimerons
could be transformed into a hexagonal lattice
of skyrmions by increasing the strength of the
applied magnetic field. The authors began with
a square lattice of merons and antimerons,
whose spins at the core regions pointed in the
down and up directions, respectively, in the
presence of a perpendicular magnetic field of
20 mT. They increased the field to 60 mT and
found that the spin orientations changed com-
pletely, and the hexagonal lattice of skyrmions
was stabilized.

Finally, by lowering the temperature from
295K to 120K, Yu et al. compared the stabil-
ity of the observed spin textures. The authors
discovered that the hexagonal lattice of skyr-
mions is more robust than the square lattice of
merons and antimerons, because skyrmions
exhibit greater topological protection than do
merons and antimerons, in agreement with
previous theoretical suggestions'’. The find-
ings are important because they suggest that
many or all kinds of topological spin texture
can be realized in a single chiral magnet, and
also that a specific spin texture can be selected,
depending on the required stability or other
characteristics.

Although Yu and colleagues” work is a
major step forward in the fields of chiral mag-
netism and topological spintronics, practical
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applications of the observed spin textures
could require further breakthroughs. One
challenge is that precise control over the
crystalline structure and composition of the
material is crucial. Such a requirement might
limit applications that require high robustness.
Moreover, the current-driven behaviour of the
textures that is of relevance to spintronics has
not yet been observed. Nevertheless, Yu et al.
have achieved a key experimental discovery
that could inspire future engineering efforts
in electronic devices that use rich topological
spin textures. m
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