New Type ofMagnet

A team.of:scientists has discovered the first robust.example of ainew. type of nragmet
that holds promise for enhancing the-performance of data storage technologsy.

Singlemoleculermagnets (SMMs) have-been attracting adot: of attention-recently: This is
because of the increased demand forfastenger-lasting and lowerenergy/IT:systems,
and theneed for higher data storage capacif29]

Researchers have discovered that using-an easilgleneombination of:materials:might
be the way: to offeramore stable environment for smaller‘and safer data:storage,
ultimately leading to /miniature .computers. [28]

Employees of Kazan-Federal University and-Kazan QuantumCenter-of Kazan National
Research Technical Ureysity demonstrated:an original layout of a prototype of
multiresonator broadband gquanturamemory interface[27]

New nanoparticlebased films thatre more/than 80 times/thinner/than a human:hair
may help:tofill thisineed by providing materials that:can holographically archive more
than 1000 times /more’data’than a DVD in/a-by-10-centimeter piece; of film[26]

Researches/of scientists from:South:Ural/State University areimplemented within this
area. [25]

Following:three years/ of-extensive research; Hebrew-University of derusalem (HU) physicist
Dr. Uriel Levand his team have created technology that will enable computers;and all
optic communication devices to-runc100 times faster through terahertz. microfps.

When the-energy efficiency of electronics:poses a/challenge; magnetic materials may have
a solution.[23]

An exotic:state of matter thats dazzling-scientists with its/electrical properties; .canalso
exhibit unusual optical properties, as:shown in a-theoretical study by researchers at
A*STAR[22]

The lbreakthrough was made:in:the lab of. Andrea: Alu, director/of the ASRC's Photonics
Initiative. Alt and his colleagues from/The: City/College of New: Y ork;-University.of Texas
at Austin and Tel'/Aviv/University were inspired by the seminal kvof three British
researchers.whowon'the 2016 Noble Prize'in Physics for theirwork, which teased out
that particular properties of matter (such:as electrical conductivity).can be-preserved in
certain materials despite continuous changes:in-the matteivsm or shape/ [21]



Researchersat the University of lllinois at Urbai@hampaign have developedanew
technology/for-switching -heat flows 'on'ron 'off'2 [20]

Thermoelectric:materials can use thermal differences to.generate electricity. Now:there
is an/inexpensive and environmentally friendly:way; of producing,them with the simplest
tools: @ /pencil; photocopy: paper; and:conductive pajhf)]

A team d researchers with the University of California and SRI International has
developed a new type of cooling device that is both portable and efficient.

[18]

Thermal conductivity is one of the most crucial physical properties of matter when it
comes to undestanding heat transport, hydrodynamic evolution and energy balance in
systems ranging from astrophysical objects to fusion plasmas. [17]

Researchers from the Theory Department of the MPSD have realized the control of
thermal and electrical currents in naoscale devices by means of quantum local
observations. [16]

Physicists have proposed a new type of Maxwell's demtire hypothetical agent that
extracts work from a system by decreasing the system's entropywhich the demon
can extract work just by makig a measurement, by taking advantage of quantum
fluctuations and quantum superposition. [15]

Pioneering research offers a fascinating view into the inner workings of the mind of
'‘Maxwell's Demon’, a famous thought experiment in physics. [14]

For more than a century and a half of physics, the Second Law of Thermodynamics,
which states that entropy always increases, has been as close to inviolable as any law we
know. In this universe, chaos reigns supreme.

[13]

Physicists have shown that thériee main types of engines (fowstroke, twostroke, and
continuous) are thermodynamically equivalent in a certain quantum regime, but not at
the classical level. [12]

For the first time, physicists have performed an experiment confirming that
thermodynamic processes are irreversible in a quantum systemmeaning that, even on
the quantum level, you can't put a broken egg back into its shell. The results have
implications for understanding thermodynamics in quantum systems and, in turn,
designing quantum compters and other quantum information technologies. [11]

Disorder, or entropy, in a microscopic quantum system has been measured by an
international group of physicists. The team hopes that the feat will shed light on the
"arrow of time": the observation tat time always marches towards the future. The
experiment involved continually flipping the spin of carbon atoms with an oscillating
magnetic field and links the emergence of the arrow of time to quantum fluctuations
between one atomic spin state and anath [10]



Mark M. Wilde, Assistant Professor at Louisiana State University, has improved this
theorem in a way that allows for understanding how quantum measurements can be
approximately reversed under certain circumstances. The new results allow for
understanding how quantum information that has been lost during a measurement can
be nearly recovered, which has potential implications for a variety of quantum
technologies. [9]

Today, we are capable of measuring the position of an object with unprecedented
accuracy, but quantum physics and the Heisenberg uncertainty principle place
fundamental limits on our ability to measure. Noise that arises as a result of the
guantum nature of the fields used to make those measurements imposes what is called
the "standardquantum limit." This same limit influences both the ultrasensitive
measurements in nanoscale devices and the kilomeseale gravitational wave detector

at LIGO. Because of this troublesome background noise, we can never know an object's
exact location, lot a recent study provides a solution for rerouting some of that noise
away from the measurement. [8]

The accelerating electrons explain not only the Maxwell Equations and the Special
Relativity, but the Heisenberg Uncertainty Relation, the WeRarticle Duality and the
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The Planck Distribution Law of the electromagnetic oscillators explains the
electron/proton mass rate and the Weak and Strong Interactions by the diftian
patterns. The Weak Interaction changes the diffraction patterns by moving the electric
charge from one side to the other side of the diffraction pattern, which violates the CP
and Time reversal symmetry.

The diffraction patterns and the locality ahe selfmaintaining electromagnetic
potential explains also the Quantum Entanglement, giving it as a natural part of the
relativistic quantum theory.
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Preface

Physicists are continually looking for ways to unify the theory of relativity, which describes
largescale phenomena, with quantum theory, which describes ssoale phenomena. In a new
proposed experiment in this area, two toastgized "nanosatellites"arrying entangled
condensates orbit around the Earth, until one of them moves to a different orbit with different
gravitational field strength. As a result of the change in gravity, the entanglement between the
condensates is predicted to degrade by u26%6. Experimentally testing the proposal may be
possible in the near future. [5]

Quantum entanglement 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 particlectdoe described
independentlyc instead, a quantum state may be given for the system as a whole. [4]

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



Scientists discover new type of magnet
A team of scientists has discovered the first robust example of a new type of magnetthat
holds promise for enhancing the performance of data storage technologies.

This "singlebased" magnet differs from conventional magnets, in which small magnetic
constituents align with one another to createsgong magnetic field. By contrast, the newly
uncovered singlebased magnet has fields that pop in and out of existence, resulting in an unstable
forcet but also one that potentially has more flexibility than conventional counterparts.

"There's a great deal of research these days into the use of magnetsamuetism to improve

data storage technologigsexplains Andrew Wray, an assistant professor of physics at New York
University, who led the research team. "Singbeised magnets should have a more sudden
transition between magnetic and nemagnetic phases. You don't need to do as much to get the
material to flip between normagnetic and strongly magnetic states, which could be beneficial for
power consumption and switching speed inside a computer.

"There's also a big difference in how this kind of magnetism couples with electric currents.
Electrons cming into the material interact very strongly with the unstable magnetic moments,
rather than simply passing through. Therefore, it's possible that these characteristics can help with
performance bottlenecks and allow better control of magnetically stonéormation.”

The work, published in the journblature Communicationslso included researchers from
Lawrence Berkeley National Laboratory, the National Institute of Standards and Technology, the
University of Maryland, Rutgers University, the Brookha\ational Laboratory, Binghamton
University, and the Lawrence Livermore National Laboratory.

The idea for this type of magnet dates back to the 1960s, based on a theory that stood in sharp
contrast to what had long been known about conventional magnets.

Atypical magnet contains a host of tiny "magnetic moments" that are locked into alignment with
other magnetic moments, all acting in unison to create a magnetic field. Exposing this assembly to
heat will eliminate the magnetism; these little moments wilinaint but they'll be pointing in

random directions, no longer aligned.

A pioneering thought 50 years ago, by contrast, posited that a material that lacks magnetic
moments might still be able to be a magnet. This sounds impossible, the scientists note, but i
works because of a kind of temporary magnetic moment called a "spin exciton," which can appear
when electrons collide with one another under the right conditions.

"A single spin exciton tends to disappear in short order, but when you have a lot ofttiem,
theory suggested that they can stabilize each other and catalyze the appearance of even more spin
excitons, in a kind of cascade," Wray explains.

In theNature Communication®search, the scientists sought to uncover this phenomenon. Several
candidates had been found dating back to the 1970s, but all were difficult to study, with magnetism
only stable at extremely low temperatures.


https://phys.org/tags/strong+magnetic+field/
https://phys.org/tags/magnetism/

Usingneutron scattering, Xray scattering, and theoretical siaiions, the researchers established
a link between the behaviors of a far more robust magnet, USb2, and the theorized characteristics
of singletbased magnets.

"This material had been quite an enigma for the last couple of decattesways that magnetism

and electricity talk to one another inside it were known to be bizarre and only begin to make sense
with this new classification,” remarks Lin Miao, an NYU postdoctoral fellow and the paper's first
author.

Specifically, they found that USb2 holds the caitingredients for this type of magnetism
particularly a quantunmechanical property called "Hundness" that governs how electrons
generate magnetic moments. Hundness has recently been showndahecial factor for a range
of quantum mechanical properties, including superconductiygg]

Scientists introduce magnetic data storage of the future

Singlemolecule magnets (SMMs) have been attracting a lot of attention recently. This is because of
the increased demand fdaster, longedasting and loweenergy IT systems, and the need for

higher data storage capacity.

Partially supported by the Efunded project PhotoSMM, researchers have introduced a novel
design for SMMs which could lead to information storage on a meatiic scale. Their findings

were published recently in thAngewandte Chemieurnal. SMMs are a type of complex

compound that can retain magnetic information at low temperatures. As explained by Dr Lucie
Norel, one of the researchers in the team, "becao$ the prominent use of magnetisatidrased
information storage technologies in our daily life, SMM which are able to interconvert between two
states with opposite magnetisation directions receive a great deal of attention."

Summarising the project objéges on CORDIS, she added: "The potential is huge for SMM systems
that would demonstrate magnetic field and ligtitiven changes in both their optical anthgnetic
properties because they could produce on a single molecule the same type of magiugttical

effects which are used for some curreddta storage technologies."”

Limitations of SMM

Computer hard discs are made up of magnetic materiatkwhecords digital signals. The smaller

the tiny magnets, the more information they can store. Even though hard disk drives are now
measured in thousands of gigabytes rather than tens, there's still a need for developing new means
of data storage that ardense and energy efficient. For example, in 2017 a group of researchers at
IBM demonstrated the world's smallest magnetic memory storage device built around a single
atom, as presented in the 'IEEE Spectrum' magazine. It's also possible to design melghule
customised magnetic properties which could have applications in quantum computing, thanks to
the synthetic chemistry techniques developed by scientists working on SMMs.

However, moving these technologies out of the lab and into the mainstream reraathallenge
because they don't yet work at ambient temperatures and require expensive methods for cooling.
For instance, single atoms and SMMs could be cooled with liquid helium at a temperatQ6® of

°C. In addition, the most powerful molecule magrats mostly unstable in the presence of air and
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water, so scientists have been focusing on raising the temperature at which magnetic memory
effect can be observed.

The SMMs designed by researchers from the Rennes Institute of Chemical Sciences, irattolabor
with a team at the University of California, Berkeley, have the ability to be manipulated in the
presence of air. This is important for their potential use in the magéticge of information,
accordng to the team. In the authors' own words: "The first dysprosium complexes with a terminal
fluoride ligand are obtained as atable compounds.”

Dysprosium (Dy) is a chemical element of the lanthanide group of elements. Amgjesvandte
Chemigournal aticle, they conclude: "we have presented the first Dylll complexes bearing a
terminal fluoride ligand and explored the influence of this highly electrostatic iiggahd
interaction on the electronic structure."

The PhotoSMM (Single Molecule Magnets ligivitching with photochromic ligands) project will
demonstrate that a light input can induce a modification of the magnetic and optical properties of
monometallic or bimetallic SMM§29]

Researchers find combination for small data storage and tinier

computers

It may sound like a futuristic device out of a spy novel, a computer the size of a pinhead, but
according to new research from the University of New Hampshire, it might be a reality sooner than
once thought. Researchers have discovered that usimgasily made combination of materials

might be the way to offer a more stable environment for smaller and safer data storage, ultimately
leading to miniature computers.

"We're really optimistic about the possibilities,” said Jiadong Zasgjstant professor of physics.
"There is a push in the computer industry toward smaller and more powsidthge, yet current
combinations of materials can create volatile situations, where data can berostthe device is
turned off. Our research points to this new combination as a much safer option. We're excited that
our findings might have the potential to change the landscape of information technology."

In their study, recently published in the joutracience Advancethe researchers outline their

proposed combination which would allow for a more stable perpendicular anisotropic energy
(PMA), the key driving component in a computer's RAM (randooess memory) atata storage.

The material would be made up of ultrathin films, known as Fe monolayers, grown on top-of non
magnetic substances, in this case X nitride substrate, where X could be boron, gallium, aluminum o
indium. According to the research, this combination showed anisotropic energy would increase by
fifty times, from 1 meV to 50 meV, allowing for larger amounts of data to be stored in smaller
environments. There is a provisional patent pending which leas filed by UNHInnovation, which
advocates for, manages, and promotes UNH's intellectual property.
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In an era dependent on extremely large amounts of information, from laptops to phones, Zang says
that there is a huge demand for more efficient devicesafing smaller processors and storage
units is an important step, not only for size but for data safety.

"There is a huge movement to switch to magnetic random access memory (MRAM) for storage in
computers because it is more stable,” said Zang. "Not oulgtes storage safer, but there is also

less radiation emitted from the device. Our calculations and material combination opens the door
to possibilities for much smaller computers for everything from basic data storage to traveling on

space missions. Imamgg launching a rocket with @mputer the size of a pin heagt not only

saves space but also a lot of fug8]

Researchers develop prototype of advanced quantum memory

Employees of Kazan Federal msity and Kazan Quantum Center of Kazan National Research
Technical University demonstrated an original layout of a prototype of multiresonator broadband
guantummemory interface.

Professor Sergey Moiseev, Director of Kazan Quantum Center, explainsctiEnge of
multiresonator microwave guantum memory allowed for reaching 16.3 perceguantum

efficiency at room temperature, which was significantly better than other recent results in the
world for microwave quantum memory in electronic ensembles at helium temperatures. We also
showed that quantum efficiency of such memory can be over 99 percent at sufficiently low
temperatures used in quantum computer schemes on superconducting qubits.”

This wok of Kazan physicists can help create universal memory solutions for guantum computers
on superconducting qubits, which is one of the most important tasks in this field today.

Instead of binary bits, quantum computers operate via qubits, which can sinegitesty contain a
superstate of zero and one simultaneously due to the laws of quantum physics. A
guantumcomputer with a sufficient number of operational qubits can quickly tackle calculations
for which binay logic computers would require hundreds of years.

In March 2018, Russian scientists built a computing system of two superconducting qubits that
serves as a basis for quantum computers and data encryption systems. In the labs headed by
Mikhail Lukin (Harwa University) and John Martinis (Google), the first prototypes of 500 qubit
computers have been assembled. They are expected to showcase advantagasthiaim
computing has over classic binary cputing.

Coauthor Oleg Sherstyukov says, "The achievements of recent years in superconducting qubits
have not only been linked with the increase in the number of interacting qubits, but also with a
significant lengthening of a superconducting qubit's iifett to 100 microseconds. However, it's
impossible to increase this time further because of fundamental laws of physics. In that regard, the
problem of creating multqubit microwave quantum memory with a prolonged lifetime has

become very pertinent.”
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