Skyrmions Magnetic Frustration

Skyrmions are formed in:magnetic systems via a variety .of mechanisms; some of which
work together.[32]

Unique physical properties of these:'magic knots’ might /help to satisfy demand/for IT
power and:storage using a fraction/of the engrg31]

A skyrmion/is the:magnetic-version of a tornado which is.obtainedby replacing:the air
parcelsthat:make up the tornado by magnetic spins,/dndscaling the system: down to
the nanometre scald30]

A new:'material created by Oregon State University researchers’is akey step toward the
next generation of supercomputerf29]

Magnetic materials that form/helical structures-coiled shapes.comparable to:a spiral
staircaseor:the/double helix strands of a/DNA /'moleeutecasionally-exhibit exotic
behavior that could improve information processing in-hard drives.and other digital
devices. [28]

In a mew study, researchers have designed 'invisible! magnetic senssensors that.are
magnetically invisible:so/that they.can still- detect but do ot distort-the surrounding
magnetic fields, [27]

At Carnegie'Mellon/University; Materials Science’ and Engineering Profess@ Mik
McHenrny.and hisresearch group are developing:metal amorphous
nanocompaositanaterials (MANC), ormagnetic materials whose nanocrystals -have been
grown out of an-amorphous matrix to:create atwo phase magnetic:matéthat exploits
both the attractive )magnetic inductions of the.nanocrystals and-thelarge electrical
resistance of a:metallic glass: [26]

The search;and manipulation /of novel properties emerging from the quantum nature of
matter could lead to nexgeneration electroncs and guantum computers. [25]

A research team from/'the Department of Energy's Lawrence’'Berkeley National
Laboratory (Berkeley’ Lab) has found the first evidence that'a shaking motion:in the
structure of an.atomically: thin' (2D) material possesses a naturally occurrimgcular
rotation. [24]


https://phys.org/tags/materials/

Topological effects; such asthose found in:crystals whose surfaces conduct electricity
while their bulk does:not; have-been an exciting topic of physics research in recent years
and were'the subject /of the 2016 Nobel Prize in phygi3]

A new technique developed by MIT researchers reveals the inner details of photonic
crystals, synthetic materials whose exotic optical properties are the subject of
widespread research. [22]

In experiments at SLAC, intense laser light (red) shining throwglmagnesium oxide
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LCLS works like an extraordinary strobe light: Its ultrabrightpays take snapshots of

materials with atomic resolution and capture motions as fas$ a few femtoseconds, or

millionths of a billionth of a second. For comparison, one femtosecond is to a second

what seven minutes is to the age of the universe. [20]
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Leiden physicists have manipulated light with large artificial atoms-salled quantum

dots. Before, this has only been accomplished with actual atoms. It is an important step
toward light-based quantum technology. [18]

In a tiny quantum prison, electrons behave quite differently as compared to their
counterparts in free space. They can only occupy discrete energy levels, much like the
electrons in an atom for this reason, such electron prisons are often called "actél
atoms". [17]

When two atoms are placed in a small chamber enclosed by mirrors, they can
simultaneously absorb a single photon. [16]

Optical quantum technologies are based on the interactions of atoms and photons at the
single-particle level, and soequire sources of single photons that are highly
indistinguishablez that is, as identical as possible. Current singleoton sources using
semiconductor quantum dots inserted into photonic structures produce photons that are
ultrabright but have limited indistinguishability due to charge noise, which results in a
fluctuating electric field. [14]

A method to produce significant amounts of semiconducting nanoparticles for kght
emitting displays, sensors, solar panels and biomedical applications has gained
momentum with a demonstration by researchers at the Department of

Energy's Oak Ridge Nationélaboratory. [13]

A source of single photons that meets three important criteria for use in quantum
information systems has been unveiled in China by an international team of physicists.
Based on a quantum dot, the device is an efficient source of phdt@imerge as solo



particles that are indistinguishable from each other. The researchers are now trying to
use the source to create a quantum computer based on "boson sampling". [11]

With the help of a semiconductor quantum dot, physicists at the Ursitgrof Basel have
developed a new type of light source that emits single photons. For the first time, the
researchers have managed to create a stream of identical photons. [10]

Optical photons would be ideal carriers to transfer quantum information ovarge
distances. Researchers envisage a network where information is processed in certain
nodes and transferred between them via photons. [9]

While physicists are continually looking for ways to unify the theory of relativity, which
describes largescalephenomena, with quantum theory, which describes srsadble
phenomena, computer scientists are searching for technologies to build the quantum
computer using Quantum Information.

In August 2013, the achievement of "fully deterministic" quantum telepoitet, using a
hybrid technique, was reported. On 29 May 2014, scientists announced a reliable way of
transferring data by quantum teleportation. Quantum teleportation of data had been
done before but with highly unreliable methods.

The accelerating electros explain not only the Maxwell Equations and the

Special Relativity, but the Heisenberg Uncertainty Relation, the WReeticle Duality
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Theories.

The Planck Distribution Law of the electromagnetic oscillators explains the

electron/proton mass rate and the Weak and Strong Interactions by the diffraction

patterns. The Weak Interaction changes the diffraction patterns by moving the electric

charge from one side to the othaide of the diffraction pattern, which violates the CP
and Time reversal symmetry.

The diffraction patterns and the locality of the seffaintaining electromagnetic

potential explains also the Quantum Entanglement, giving it as a natural part of the
Reldivistic Quantum Theory and making possible to build the Quantum Computer with
the help of Quantum Information.
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Preface
While physicists are continually looking for ways to unify the theory of relativity, which describes
large-scale phenomena, with quantum theory, which describes satalle phenomena, computer
scientists are searching for tewologies to build the quantum computer.

Australian engineers detect in retiine the quantum spin properties of a pair of atoms inside a
silicon chip, and disclose new method to perform quantum logic operations between two atoms.

[5]

Quantum entanglemset is a physical phenomenon that occurs when pairs or groups of particles are
generated or interact in ways such that the quantum state of each particle cannot be described
independentlyg instead, a quantum state may be given for the system as a whdle. [4

| think that we have a simple bridge between the classical and quantum mechanics by
understanding the Heisenberg Uncertainty Relations. It makes clear that the particles are not point
like but have a dx and dp uncertainty.

Disordered skyrmion phase stabilized by magnetic frustration in a

chiral magnet

In classical mechanics, particles are represented by point masses or riged, ot in field theory

by wavelike excitations or vibrations. Magneti&yrmions are small, vortestike spin textures

of topological origin found in a variety of magnetic materials, and characterized by long lifetime.
They were firstliscovered in 2009. In chiral magnets, skyrmions and skyrmion crystals (SkX) show
unique physical properties due to their stabilitywdtralow current density. Explaining the stalitiy

of such particles is nontrivial; however, the particles can be describembakqgically

protected against small perturbations and decay. These properties can be adyemis for

potential applications of skyrmions as information carriers in magnetic memories for storage and
processing. Skyrmions are formed in magnetic systems via a variety of mechanisms, some of which
work together.

The mechanisms include thigzyaloshinskii-Moriya interaction (DMI), frustrated exchange
interaction, longranged magnetic dipolar interactions and feapin exchange interactions,
characterized by the diameter of the regaly skyrmion structure. For instance, chiral magnets

with an antisymmetric interaction between the spins, known as the DMI, can form a triangular
lattice skyrmion crystal (SkX). Specifically, a finite DMI can arise due to broken inversion symmetry
at interfaces othin film layers or inbulk materials with chiral or polar structures.

In metallic systems, the existence of a chiral interaction was first demonstratelisfodered
alloys. Skyrmions based on DMI were recently observed iZiENdn alloys with theb-Mn-
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type chiral cubic structure, where the unit cell dams 20 atoms distributed across two
inequivalent crystallographic sites. Now writingSaience Advanceiosuke Karube and-e@eorkers
report the intermediate composition system ZoyMne as a unique host of two disconnected,
topological skyrmion phases.
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According to the report, one phase is a conventional skyrmion crystal stalfilizedrmal

fluctuations and restricted to exist just below the magnetic transition temperatugy, (Whereas

the second phase is a novel thrdenensionally disordered skyrmion crystal phase that is stable
well below T. The stability of this new disordered skyrmion phase was attributed to a cooperative
interplay between the chiral magnetism with thé/IDand the frustrated magnetism inherent to

i K Svinistructure.

Skyrmions can be typically observed by small angle neuron scattering (SANS) and with microscopy
technigues in real space. In chiral magnets, the effect of DMI gradually twists ferromagmpeticall
coupled moments to form a helical ground state. In the study, the authors reported similar
behaviour for a spin glass phase symptomatic of frustrated magnetism existing at low temperatures


https://www.nature.com/articles/ncomms8638
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across a wide range of Mn compositions forZeMn alloys. Thelgss phase invaded the helical
ground state to display typicatetal-insulator transition indicating the microscopic eexistence

of the two phases. To investigate the mechanistfluence of frustrated exchange interactions on
the helical and topological spin structures, the authors focused eBr@dns with T.~ 160 K and
spin glass transition temperaturg ¥ 30 K. In the study, further measurements were performed of

SANS, magnigation, alternate current (ac) magnetic field susceptibility
electron microscopy (LTEM) of the material.

and Lorentz transmission

The scientists summarized their findings in a phase diagram to show two distinct, equilibrium
skyrmion phases. A conventiorikX phase slightly belowdand a novel disordered skyrmion

phase (DSK) phase negr T
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In the field decreasing process that was subsequently observed, the new phase was quenched as a
metastable state down to zero field cooling (ZFC). The fijsdimthe study were substantiated by
summarizing the relation between the reghace magnetic structures with the corresponding SANS

patterns recorded in the study.
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Realspace observations were conducted with Loremémsmission electron microscopy (LTEM)
measurements. In the fielthcreasing run at 135 K from zero field cooling (ZFC), the transition from

a helical state (H) to a conventional SkX state was observed. At 50 K, a disordered helical state was
observed, and in contrast at a magnetic fiefd).2 T, several closed, dlite objects assigned to
skyrmions were clearly observed. The observation of DSKs in the LTEM images was explained as an
inherent feature of the material, consistent with the corresponding SANS patterns observed in the
study.

Underfocus

LTEM measurement on a thplate sample of Co7Zn7Mn6. A) underfocused LTEM images at 135 K
and at 0 T and 0.05 T. B) Underfocused LTEM images at selected fields at 50 K and at selected
temperatures in the subsequent zefield warming (ZFWXmore

The study collectively investigated the possible origin of the novel DSK, #iase skyrmion
phases are generally stabilized dyyantum critical or thermal fluctuations. Two types of
fluctuations were found in the present study to promote topological phase stability ardne,
including thermal fluctuations and frustratienduced fluctuations. In this way, the skyrmion
governed by DMilemonstrated a novel mechanism for topological stability inZGd/ne. [32]
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Meet the skyrmions ? exotic quasiparticles could revolutionise

computing

Unique physical properties of these "magic knots" might help to satisfy demand for IT power and
storage using a fraction of the energy.

For most of us, any concerns about computing speed or data storage alyusumake it go

faster while storing more. We hardly ever think about the enormous amourgs@fgy already
required to power Internet servers or charge the increasing number of devices we own. "The
carbonfootprint of computing, IT and the Internet is becoming enormous. It's about ten years since
it became bigger than thearbon footprint of air travel,” says Christopher Marrows, professor

of condensed matter physics at the University of Leeds, UK.

He is one of several collaborators BIAGicSky, an EU project that is grappg with the physics of
unique "quasiparticles" called skyrmions, named after scientist Tony Skyrme who first theorised
their existence in 1962. Due to their unique properties, skyrmions are smaller, and more stable and
mobile than current computing anchagnetic storage devices, making them a better basis for
building the next generation of IT devigeplus the energy needed to power them is fractions of

what we use now, from ten times less totpntially much more.

Askyrmion is a twist, or a knot, in an otherwise uniform magnetic field that creates a region in
which the electrons from a group of atoms align themselves not to the magnetic poleatbat
into whorls. Once arranged into this unique topology they can behave like particles and are
protected from outside forces.

"If you want to create or destroy a skyrmion, that requires you to do something quite violent to the
magnetisation,” explainslarrows. "If you store data you want to be sure that when you come back
and look next week, next year or in ten years' time, that it's still there.”

Not only are skyrmions secure, they are also tiny compared to current magnetic storage devices.
"They cartravel over huge distances and require very little energy to travel," says Dr. Katia Pappas,
a professor at the Delft University of Technology in the Netherlands. "Skyrmions can pave the way
not only to highdensity storage, but also new kinds of devicéhwery little energy

consumption.”

These new machines might one day harness the computing power of a human brain. "With a
skyrmion, because it is like a little particle you can move it around in more than one dimension,"
says Marrows, making their compig potential immensely greater than current methods that

work in twodimensional, binary ways. He adds that skyrmions are a promising way to be able to do
something neural, natively in hardware. But before neural processing power comes to our laptops,
the fundamental physics of skyrmions must first be understood.

"The stabilisation of skyrmions is something that is discussed pretty widely in the community,” says
Dr. Sebastian Muhlbauer, professor in the department of physics at the Technical University of
Munich, Germany. For him these fundamental questions are crucial: how can you design a material
which will show magnetic skyrmions? What kind of ingredients do you need? What is the minimal
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