QuantumParticlesat Large Scale

In a new:study published iBEPJ S,TDr./J.S: BeBenjamin and colleagues from: Texas
A&M University | USA; reverse this approach; starting/ with. quantum mechanical rules,
they explore’hw to derive an infinite number of quasiistributions, to .emulate

the classical mechanicapproach.[25]

A new Tel'Aviv/University study explares the generation and propagation of excitons in
2D materials within . an unprecedented ,small tinfeame and at.an-extraordinarily’ high
spatial resolution./[24]

An international team:of researchersled out of Macquarie University has demonstrated
a new:approach for converting ordinary laser light into-genuine quantum/ligf23]

Beyond: the beauty of this'phenomenon; which connects heating-processes to topology
through an elegant quantization law; the results reported inthis:work-designate
heating measuremers as apowerful and universal probe for.exotic states of matter.
[22]

"We studied two systems: ‘’asBoE@stein . condensate with (100,000 atoms;confined:in a
cavity and.an optomechanical cavity that.confines light between two mirrors;HGabriel
Teixeira L.andi,aprofessortahe University. of. SaoRPaulo's:Physics:Institute-UJiSP),
told. [21]

Search-engine entropy is thus:important.not only for-the efficiency-of searujines

and these using/them to find relevant information as-well as to the success-of the
companies:and othenbodies running such systems,but also.to those whorunwebsites
hoping to be found:and visited following asearch([20]

"We've experimentally confirmed the coection between information:inthe/classical
case and the quantum case;!" Murch said, "and we're:seeingthis-new effect of
information loss."[19]

It"s weltknown that when a guantum system is continuously measured,it freezes, i.e.,
it stops.changing;, which:is:due to;a phenomenon called the quantum Zeno effect. [18]

Physicists'have extended one:of the:most prominent fluctuation theorems: of classical
stochastic thernodynamics; the Jarzynski equality; to quantum/field theory:[17]
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In 1993, physicist Lucien Hardy propased an experiment.showing that.there is:a’small
probability (around 6-9%) of observing:a particle and its:antiparticle interacting with
eachothenwithout-.annihilatng? - something:that is impessible:in classical physics.

[16]

Scientists at the University of Geneva (UNIGE), Switzerland, recently neeeiged
their data processing, demonstrating that 16 million atoms were entangled in a-one
centimetre crystal. [15]

The fact that it is possible to retrieve this lost information reveals new insight into the
fundamental nature of quantum measurements, nméy by supporting the idea that
guantum measurements contain both quantum and classical components. [14]

Researchers blur the line between classical and quantum physics by connecting chaos
and entanglement. [13]

Yale University scientists have reachedndlestone in their efforts to extend the
durability and dependability of quantum information. [12]

Using lasers to make data storage faster than ever. [11]

Some threadimensional materials can exhibit exotic properties that only exist in
"lower" dimensias. For example, in ordimensional chains of atoms that emerge
within a bulk sample, electrons can separate into three distinct entities, each carrying
information about just one aspect of the electron's identityspin, charge, or orbit. The
spinon, the etity that carries information about electron spin, has been known to
control magnetism in certain insulating materials whose electron spins can point in
any direction and easily flip direction. Now, a new study just published in Science
reveals that spinos are also present in a metallic material in which the orbital
movement of electrons around the atomic nucleus is the driving force behind the
material's strong magnetism. [10]

Currently studying entanglement in condensed matter systems is of great interest. This
interest stems from the fact that some behaviors of such systems can only be explained
with the aid of entanglement. [9]

Researchers from the Norwegian University ofé3e and Technology (NTNU) and
the University of Cambridge in the UK have demonstrated that it is possible to directly
generate an electric current in a magnetic material by rotating its magnetization. [8]

This paper explains the magnetic effect of tHearic current from the observed
effects of the accelerating electrons, causing naturally the experienced changes of the
electric field potential along the electric wire. The accelerating electrons explain not



only the Maxwell Equations and the Speciall&®ity, but the Heisenberg Uncertainty

2A1 AGET T h OEA xAOA DPAOOEAI A AOGAI EOU AT A OEA
between the Classical and Quantum Theories.

The changing acceleration of the electrons explains the created negative electric field

of the magnetic induction, the changing relativistic mass and the Gravitational Force,

giving a Unified Theory of the physical forces. Taking into account the Planck

Distribution Law of the electromagnetic oscillators also, we can explain the
electron/proton mass rate and the Weak and Strong Interactions.
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Preface

Surprisingly nobody found strange that by theory the electrons are moving with a constant
velocity in the stationary electric current, although there is an accelerating forcgE,

imposed by theEelectric field along the wire as a result of tbigotential difference. The
accelerated electrons are creating a charge density distribution and maintaining the potential
change along the wire. This charge distribution also creates a radial electrostatic field around
the wire decreasing along the wire. The vimay external electrons in this electrostatic field are



experiencing a changing electrostatic field causing exactly the magnetic effect, repelling when
moving against the direction of the current and attracting when moving in the direction of the
current. This way théA magnetic potential is based on the real charge distribution of the
electrons caused by their acceleration, maintaining Bedectric field and théA magnetic

potential at the same time.

The mysterious property of the matter that the electric potential difference is self maintained by
the accelerating electrons in the electric current gives a clear explanation to the basic sentence
of the relativity that is the velocity of the light is tineaximum velocity of the electromagnetic
matter. If the charge could move faster than the electromagnetic field, this self maintaining
electromagnetic property of the electric current would be failed.

More importantly the accelerating electrons can expldie magnetic induction also. The
changing acceleration of the electrons will createEelectric field by changing the charge
distribution, increasing acceleration lowering the charge density and decreasing acceleration
causing an increasing charge digns

Since the magnetic induction creates a negative electric field as a result of the changing
acceleration, it works as a relativistic changing electromagnetic mass. If the mass is
electromagnetic, then the gravitation is also electromagnetic effeat. Sdme charges would
attract each other if they are moving parallel by the magnetic effect.

Infinite number of quantum particles gives clues to big -picture

behavior at large scale

In guantum mechanics, the Heisenberg uncertainty principle prevents an ektdrsarver from
measuring both the position and speed (referred to as momentum) of a particle at the same
time. They can only know with a high degree of certainty either one or the otbelike what
happens at large scales where both are known. To ideat@iven particle's characteristics,
physicists introduced the notion of quadistribution of position and momentum. This approach
was an attempt to reconcile quantwscale interpretation of what is happening in particles with
the standard approach used understand motion at normal scale, a field dubbed classical
mechanics.

In a new study published BPJ SDr. J.S. BeBenjamin and colleagues from Texas A&M
University, USA, reverse this approach; starting with quantum mechanical rules, they explore

how to derive an infinite number of quaslistributions, to emulate thelassical

mechanicsapproach. This approach is also applicable to a number of other variables found in
guantumscale particlesncluding patrticle spin.

For example, such quadistributions of position and momentum can be used to calculate the
guantum version of the characteristics of a gas, referred to as the second virial coefficient, and
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extend it to derive an infinite numberf these quasdistributions, so as to check whether it
matches the traditional expression of this physical entity as a joint distribution of position and
momentum in classical mechanics.

This approach is so robust that it can be used to replace glistsbutions of position

andmomentum with time and frequency distributions. This, the authors note, works for both
well-determined scenarios where time and frequency gtdistributions are known, and for
randomcases where the average of time and average of frequency are used inN&8shd.

New imaging technology captures movement of quantum particles

with unprecedented resolution

Excitons electrically neutral quasiparticleshave extraordinary mperties. They exist only in
semiconducting and insulating materials and can be easily accessed-dinieasional (2D)
materials just a few atoms thick, such as carbon and molybdenite. When these 2D materials are
combined, they exhibit quantum properti¢isat neither material possesses on its own.

A new Tel Aviv University study explores the generation and propagation of excitons in 2D
materials within an unprecedented small time frame and at an extraordinarily high spatial
resolution. The research was leg Prof. Haim Suchowski and Dr. Michael Mrejen of TAU's
Raymond & Beverly Sackler Faculty of Exact Sciences and publiStoéshice Advances
February 1.

Quantum mechanics is a fundamental theory in physics that describes nature at the smallest
scalef energy. "Our new imaging technology captures the movement of excitons in a short
time frame and at nanometer scale," Dr. Mrejen says. "This tool can be extremely useful for
peeking into a material's response at the very first momeigts has affected it."

"Such materials can be used to significantly slow down light to manipulate it or even store it,
which are highly sougkdfter capabilities for communications and for photonizssed quantum
computers,” Praf Suchowski explains. "From the instrument capability point of view, this tour de
force opens up new opportunities to visualize and manipulate the ultrafast response of many
other material systems in other spectrum regimes, such as theimhidred rangen which many
molecules are found to vibrate."

The scientists developed a unique spatiotemporal imaging technique at the femtosecond
nanometric scale and observed excitpalariton dynamics in tungsten diselenide,
a semiconductor material, at room temperature.

The excitorpolariton is a quantum creature spawned by the coupling of light and matter. Due to
the specific material studied, the speed of propagation measured was about 1% of the speed of
light. At this time scale, light manages to travel only several hundred nanometers.


https://phys.org/tags/momentum/
https://phys.org/tags/light/
https://phys.org/tags/semiconductor+material/

"We knew we had a unique characterization tool and that these 2D materials were good
candidates to explore interesting behavior at the ultrafalitasmall intersection,” B Mrejen
says. "l should add that the material, tungsten diselenide, is extremely interesting from an
applications point of view. It sustains such lighatter coupled states in very confined
dimensions, down to single atom thickness, at room temperagumé in the visible spectral
range."

The researchers are now exploring ways of controlling the velocity of semiconductor waves by,
for example, combining multiple 2D materials in stagk4]

A polariton filter turns ordinary laser light into quantum light
An international team of researchers led out of Macquarie University has demonstrated a new
approach for converting ordinary laser light into genuine quantum light.

Their approach uses nanomettick films made ofiallium arsenide, which is aemiconductor
material widely used in solar cells. They sandwich the thin films between two mirrors to
manipulate the incoming photons.

Thephotons interact with electrothole pairs in the semiconductor, forming new chimeric
particles called polaritons that carry properties from both the photons andetbetron-hole
pairs. The polaribns decay after a few picoseconds, and the photons they release exhibit
distinctguantum signatures.

The teams' research was published overnight in the jouxzdlire Materials

While these quantum signaturese weak at the moment, the work opens up a new avenue for
producingsingle photons on demand.

"The ability to produce single photons on demand is hugely important for future applications in
guantum conmunication and optical quantum information processing," says Associate Professor
Thomas Volz from the Department of Physics and Astronomy and the senior author on the paper.
"Think unbreakable encryption, supfast computers, more efficient computer chipseven

optical transistors with minimal power consumption.”

Currently singlgphoton emitters are typically created by materials engineetinghere the
material itself is assembled in such a way that the '‘quantum’ behaviour is built in.

But this standard approach faces serious limitations at smaller and smaller scales because
producing idatical singlephoton emitters by pure materials engineering is extremely
challenging.

"This means our approach could be much more amenable for massively scaling up, once we're
able to increase the strength of the quantum signatures we're producing. We fmeghble to
make identical quantum emitters from semiconductors by photon nanostructure engineering,
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rather than by direct materials engineering," says Dr. Guillermo Munoz Matutano, also from
Macquarie and lead author of the paper.

"While realworld applcations are still a fair bit away, our paper describes a major milestone that
the polariton community in particular has been waiting on for the last ten to fifteen years. The
regime in which polaritons interact so strongly that they can imprint quantumasiges on

photons has not been accessed to date and opens up a whole new playground for researchers in
the field," says Thomaf23]

Observation of quantized heating in quantum matter

Shaking a physical system typically heats it up, in the sense thattdtem continuously absorbs
energy. When considering a circular shaking pattern, the amount of energy that is absorbed can
potentially depend on the orientation of the circular drive (clockwisefafdckwise), a general
phenomenon known as circular diclism.

In 2017, Nathan Goldman (ULB, Brussels), Peter Zoller (IQOQI, Innsbruck) and coworkers
predicted thatcircular dichroism can be quantized iguantum systems (heating is then
constrained by strict integers) forming a "topological state." According tatibisetical
prediction, the quantization of energy absorption upon circulgiving can be directly related to
topology, a fundamental mathematical concept that characterizes these intriguing states of
matter.

Writing inNature Physicghe experimental group of Klaus Sengstock and Christof Weitenberg
(Hamburg), in collaboratiowith the team of Nathan Goldman, reports on the first observation

of quantized circular dichroism. Following the theoretical proposal of Goldman, Zoller et al., the
experimentalists realized a topological state using an ultracold atomic gas subjed¢tadito

light, and studied its heating properties upon circular shaking of the gas. By finely monitoring the
heating rates of their system, for a wide range of driving frequencies, they were able to validate
the quantization law predicted by Goldman, Zoller et al. in 2017, in agreement with the
underlying topological state realized in the laboratory.

Beyond the beauty of this phenomenon, which connects heating processes to topology through
an elegant quantizatin law, the results reported in this work designate heating measurements
as a powerful and universal probe for exotic states of maff]

Experiments detect entropy production in mesoscopic quantum

systems

The production of entropy, which means incsgay the degree of disorder in a system, is an
inexorable tendency in the macroscopic world owing to the second law of thermodynamics. This
makes the processes described by classical physics irreversible and, by extension, imposes a
direction on the flow 6time. However, the tendency does not necessarily apply in the
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microscopic world, which is governed by quantum mechanics. The laws of quantum physics are
reversible in time, so in the microscopic world, there is no preferential direction to the flow of
phenomena.

One of the most important aims of contemporary scientific research is knowing exactly where
the transition occurs from thguantum world to the classical world and why it occuri other
words, findirg out what makes the production of entropy predominate. This aim explains the
current interest in studying mesoscopic systems, which are not as smadligdual atoms but
nevertheless display wetlefined quantum behavior.

A new experimental study by researchers from Brazil and elsewhere offers an important
contribution to this field. An article about it has recently been publishe@hpsical Review
Letters

"We studied two systems: a Bo&gnsteincondensate with 100,000 atoms confined in a cavity
and an optomechanical cavity that confines light between two mirrors," Gabriel Teixeira Landi, a
professor at the University of Sdo Paulo's Physics InstittteéSH, told.

Landi was one of the scientistesponsible for developing a theoretical model correlating the
production of entropy with measurable quantities for both experiments. The research is
supported by Sao Paulo Research FoundatiBAPESP. The Bemstein condensate was

studied at the SwisBederal Institute of Technology (ETH Zurich), and the cavity optomechanics
device was studied at the University of Vienna in Austria.

Often called the "fifth state of matter" (the other four being solids, liquids, gases and plasma),
BoseEinstein condengas are obtained when a group of atoms is cooled almost to absolute
zero. Under these conditions, the particles no longer have the free energy to move relative to
each other, and some of them enter the same quantum states, becoming indistinguishable from
one another. The atoms then obey-salled Bos€Einstein statistics, which usually apply to
identical particles. In a Bodginstein condensate, the entire group of atoms behaves as a single
particle.

An optomechanical cavity is basically a light trap. is plarticular case, one of the mirrors
consisted of a nanometric membrane capable of vibrating mechanically. Thus, the experiment
involved interactions between light and mechanical vibration. In both systems, there were two
reservoirs, one hot and the othe&old, so that heat could flow from one to the other.

"Both situations displayed signatures of something irreversible and therefore demonstrated an
increase in entropy. Furthermore, they exhibited irreversibility as a consequence of quantum
effects,” Landsaid. "The experiments permitted classical effects to be clearly distinguished from
guantum fluctuations."

The main difficulty in this line of research is that entropy production cannot be measured
directly. In the experiments in question, therefore, thaentists had to construct a theoretical
relationship between entropy production and other phenomena that signal irreversibility and are
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directly measurable. In both cases, they chose to measure the photons leaking from the cavities,
having deliberatelyised semitransparent mirrors to allow some light to escape.

They measured the average number of photons inside the cavities and the mechanical variations
in the case of the vibrating mirror.

"Quantum fluctuations contributed to an increase in irreverdyiin both experiments," Landi
said. "This was a counterintuitive discovery. It's not necessarily something that can be
generalized. It happened in these two cases, but it may not be valid in others. | see these two
experiments as an initial effort to reithk entropy on this kind of platform. They open the door to
further experimentation with a smaller number of rubidium atoms or even smaller
optomechanical cavities, for example."

Information loss and disorder

In a recent theoretical study, Landi showed how classical fluctuations (vibrations of atoms and
molecules, producing thermal energy) and quantum fluctuations could occur simultaneously,
without necessarily contributing to the same results. Tétatly was a forerunner of the two new
experiments.

"Both the condensate and the liglebnfining cavity were mesoscopic phenomena. However,
unlike other mesoscopic phenomena, they had perfectly preserved quantum properties thanks
to shielding from the environment. They, therefore, provided controlled situnestin which

entropy production competition between classical and quantum phenomena could be very
clearly observed," Landi said.

"Entropy can be interpreted in various ways. If we think in terms of information, an increase in
entropy means a loss of infaation. From the standpoint of thermodynamics, entropy measures
the degree of disorder. The greater thetropy, the greater the disorder in the system. By
combining these two views, we can obtain a more cosmgnsive understanding of the
phenomenon."

Both the BoseEinstein condensate and the optomechanical cavity are examplesazilsal
"guantum simulation platforms.” These platforms enable scientists to circumvent a major
obstacle to the advancement of knésdge because there are important systems in nature for
which descriptive models exist but for which predictions cannot be made owing to calculation
difficulties. The most famous example is higinperature superconductivity. No one
understands how certaimaterials can behave as superconductors at the boiling point of liquid
nitrogen (approximately196° C).

The new platforms provide quantum devices that can simulate these systems. However, they do
so in a controlled manner, eliminate all complicating dast and focus only on the simplest
phenomena of interest. "This idea of quantum simulation has caught on significantly in recent
years. Simulations range from important molecules in medicine to key structures in cosmology,"
Landi said[21]
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Entropy and s earch engines

Entropy, a term loosely referring to the disorder of a physical system and infamously associated
with the Second Law of Thermodynamics, wherein we know that it ultimately increases in any
closed system, might be used to gauge something attegedifferent in the digital world;

search engine optimisation.

S. Lakshmi of the Department of Electronics and Communication Engineering, at RVS College of
Engineering, in Dindigul, B. Sathiyabhama of the Department of Computer Science Engineering,
at Sna College of Technology, in Salem, and K. Batri of the Department of Electronics and
Communication Engineering, at the PSNA College of Engineering and Technology, also in
Dindigul, India, have attempted to analyse and measure the uncertainty associkethev

relevant document selection in wedearch engines.

Search engine entropy is thus important not only for the efficiency of search engines and those
using them to find relevant information as well as ke tsuccess of the companies and other
bodies running such systems, but also to those who run websites hoping to be found and visited
following a search. Search engine optimization (SEO) encompasses a multitude of strategies a
website owner might employ itheir efforts to ensure that their website reaches a higher

position in thesearch engine results pages (SERPS).

The team explains how they are using entropy to add a metric to the number of tedas and

their frequency, and how this influences the relevance calculation carried castdogh

engine algorithms. "The variation in term frequency either in processed web documents or in
users' queies influences the relevance calculation," the team explains. "This," they suggest,
"leads to an uncertainty associated with the document selection and its relevance calculation.”
As such, a measure efitropy can be made by varying the documents' term frequency or user's
guery term frequency to reveal how SEO might be carried out. The team has successfully tested
their entropic approach to SEO against two of the most-mtiwn search engines, Bing and
Google[20]

Researchers find quantum '‘Maxwell's demon' may give up

information to extract work
Thermodynamics is one of the most human of scientific enterprises, according to Kater Murch,
associate professor of physics in Arts & Sciences at Washington sitiyivieiSt. Louis.

"It has to do with our fascination of fire and our laziness," he said. "How can we get dire"
heatt "to do work for us?"
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Now, Murch and colleagues have taken that most human enterprise down to the intangible
guantum scale that of ultralow temperatures and microscopic systemand discovered that,
as in the macroscopic world, it is possible to use information to extract work.

There is a catch, though: Some information may be lost in the process.

"We've experimentally confirmed the connémh between information in the classical case and
the quantum case," Murch said, "and we're seeing this new effect of information loss."

The results were published in the July 20 issulofsical Review Letters

The international team included Eric Lufzlwe University of Stuttgart; J. J. Alonzo of the
University of ErlangeMuremberg; Alessandro Romito of Lancaster University; and Mahdi
Naghiloo, a Washington University graduate research assistant in physics.

Credit: Washington University in St. Louis

That we can get energy from information on a macroscopic scale was most famously illustrated
in a thought experiment known as Maxwell's Demon. The "demon" presides over a box filled
with molecules. The box is divided in half by a wall with a door. If theodeknows the speed

and direction of all of the molecules, it can open the door when atfasting molecule is

moving from the left half of the box to the right side, allowing it to pass. It can do the same for
slow particles moving in the opposite diremti opening the door when a slemoving molecule

is approaching from the right, headed left.

After a while, all of the quickisnoving molecules are on the right side of the box. Faster motion
corresponds to higher temperature. In this way, the demon haated a temperature

imbalance, where one side of the box is hotter. That temperature imbalance can be turned into
workt to push on a piston as in a steam engine, for instance. At firshtheyht

experiment seemed to show that it was possible create a temperature difference without doing
any work, and since temperature differences allow you to extract work, one could build a
perpetual motion machirne a violation of the second law of thermodynamics.

"Eventually, scientists realized that there's something about the information that the demon has
about the molecules," Murch said. "It has a physical quality like heat and work and energy."

His team wanted to know if it would be possible to use informatmaxtract work in this way on
a quantum scale, too, but not by sorting fast and slow molecules. If a particle is in an excited
state, they could extract work by moving it tgeound state. (If it was in a ground state, they
wouldn't do anything and wouldn't expend any work).

But they wanted to know what would happen if the quantum particles were in an excited state
and a groundstate at the same time, analogous to being fast and slow at the same time. In
guantum physics, this is known aswperposition.
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"Can you get work from information about a superposition of energy statesfch asked.
"That's what we wanted to find out."

There's a problem, though. On a quantum scale, getting information about particles can be a bit
X GNROleo

"Every time you measure the system, it changes that system," Murch said. And if they measured
the particle to find out exactly what state it was in, it would revert to one of two states: excited,
or ground.

This effect is called quantum backaction. To get around it, when looking at the system,
researchers (who were the "demons") didn't take a longgdhaok at their particle. Instead, they
took what was called a "weak observation." It still influenced the state of the superposition, but
not enough to move it all the way to an excited state or a ground state; it was still in a
superposition of energy ates. This observation was enough, though, to allow the researchers
track with fairly high accuracy, exactly what superposition the particle waar this is

important, because the way the work is extracted from the particle depends on what
superpositionstate it is in.

To get information, even using the weak observation method, the researchers still had to take a
peek at the particle, which meant they needed light. So they sent some photons in, and observed
the photons that came back.

"But the demon misss some photons," Murch said. "It only gets about half. The other half are
lost." Butt and this is the key even though the researchers didn't see the other half of the
photons, those photons still interacted with the system, which means they still hadeat eh

it. The researchers had no way of knowing what that effect was.

They took a weak measurement and got some information, but because of quantum backaction,
they might end up knowing less than they did before the measurement. On the balance, that's
negative information.

And that's weird.

"Do the rules of thermodynamics for a macroscopic, classical world still apply when we talk about
guantum superposition?" Murch asked. "We found that yes, they hold, except there's this weird
thing. The information cahe negative.

"l think this research highlights how difficult it is to build a quantum computer," Murch said.

"For a normal computer, it just gets hot and we need to cool it. Ingtientum computer you are
always at risk of losingpformation.” [19]
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Maxwell's demon in the quantum Zeno regime

In the original Maxwell's demon thought experiment, a demon makes continuous measurements
on a system of hot and col@servoirs, building up a thermal gradient that can later be used to
perform work. As the demon's measurements do not consume energy, it appears that the
demon violates the second law of thermodynamics, although this paradox can be resolved by
considering hhat the demon uses information to perform its sorting tasks.

It's welkknown that when a quantum system is continuously measured, it freezes, i.e., it stops
changing, which is due to a phenomenon called the quantum Zeno effect. This leads to the
guestion:what might happen when Maxwell's demon enters the quantum Zeno regime? Will the
demon's continuous measurements cause the quantum system to freeze and prevent work
extraction, or will the demon still be able to influence the system's dynamics?

In a paper pblished in thaNew Journal of Physigshysicists Georg Engelhardt and Gernot

Schaller at the Technical University of Berlin have theoretically implemented Maxwell's demon in
a singleelectron transistor in order to investigate the actions of the demoth@quantum Zeno
regime.

In their model, the singlelectron transistor consists of two electron reservoirs coupled by a
guantum dot, with a demon making continuous measurements on the system. The researchers
demonstrated that, as predicted by the quantteno effect, the demon's continuous
measurements block the flow of current between the two reservoirs. As a result, the demon
cannot extract work.

However, the researchers also investigated what happens when the demon's measurements are
not quite continuaus. They found that there is an optimal measurement rate at which the
measurements do not cause the system to freeze, but where a chemical gradient builds up
between the two reservoirs and work can be extracted.

"The key significance of our findings isttitas necessary to investigate the transient shtime
dynamics of thermoelectric devices, in order to find the optimal performance," Engelhardt
told Phys.org"This could be important for improving nanoscale technological devices."

The physicists exglathat this intermediate regime lies between the quantum regime in which
genuine quantum effects occur and the classical regime. What's especially attractive about this
regime is that, due to the demon's measurements, the total energy of the system desrsa

that no external energy needs to be invested to make the demon work.

"Due to the applied noiMarkovian method, we have been able to find a working mode of the
demon, at which besides the buildup of the chemical gradientit also gains work due the
measurement,” Engelhardt explained.



Going forward, it may be possible to extract work from the chemical gradient and use it, for
example, to charge a battery. The researchers plan to address this possibility and others in the
future.

"In our future researchwe aim to investigate potential applications," Engelhardt said. "Feedback
processes are important, for example, in many biological processes. We hope to identify and
analyze quantum transport processes from a feedback viewpoint.

"Furthermore, we are inteested infeedback control of topological band structures. As

topological effects strongly rely on coherent dynamics, measurements seem to be an obstacle for
feedback control. However, for an approgieé weak measurement, which only partly destroys

the coherentquantum state, a feedback manipulation might be reasonab&8]

Physicists extend stochastic thermodynamics deeper into quantum

territory

Physicists have extended one of the most prominent fluctuation theorems of classical stochastic
thermodynamics, the Jarzynski equality, to quantum field theory. As quantum field theory is
considered to be the most fundamental theory in physihs,results allow the knowledge of
stochastic thermodynamics to be applied, for the first time, across the full range of energy and
length scales.

The physicists, Anthony Bartolotta, a graduate student at Caltech, and Sebastian Deffner, Physics
Professor aithe University of Maryland Baltimore County, have written a paper on the Jarzynski
equality forguantum field theories that will be published in an upcoming issuPlofsical Review

X

The workaddress one of the biggest challenges in fundamental physics, which is to determine
how the laws of classical thermodynamics can be extended tguhatum scale.

Understanding work and heat flow at thevel of subatomic particles would benefit a wide range
of areas, from designing nanoscale materials to understanding the evolution of the early
universe.

As Bartolotta and Deffner explain in their paper, in contrast to the large leaps made in the
"microsopic theories" of classical and quantum mechanics during the past century, the
development of thermodynamics has been rather stagnant over that time.

Although thermodynamics was originally developed to describe the relation between energy and
work, thetheory traditionally applies only to systems that change infinitely slowly. In 1997,
physicist Christopher Jarzynski at the University of Maryland College Park introduced a way to
extend thermodynamics to systenrswhich heat and energy transfer processes occur at any

rate. The fluctuation theorems, the most prominent of which is now called the Jarzynski equality,
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have made it possible to understand the thermodynamics of a wider range of smaller, yet still
classial, systems.

"Thermodynamics is a phenomenological theory to describe the average behavior of heat and
work," Deffner toldPhys.org"Originally designed to improve big, stinky heat engines, it was not
capable of describing small systems and systems thatade far from equilibrium. The Jarzynski
equality dramatically broadened the scope of thermodynamics and laid the groundwork for
stochastic thermodynamics, which is a new and very active branch of research."

Stochastic thermodynamics deals with classicaimodynamic concepts such as work, heat, and
entropy, but on the level of fluctuating trajectories of atoms and molecules. This more detailed
picture is particularly important for understanding thermodynamics in sstlle systems, which
is also the ralm of various emerging applications.

It wasn't for another decade, however, until the Jarzynski equality and other fluctuation
theorems were extended to the quantum scale, at least up to a point. In 2007, researchers
determined how quantum effects modiffae usual interpretation of work. However, many
guestions still remain and overall, the area of quantum stochastic thermodynamics is still
incomplete. Against this backdrop, the results of the new study represent a significant advance.

"Now, in 2018 we hawtaken the next big step forward," Deffner said. "We have generalized
stochastic thermodynamics to quantum field theories (QFT). In a certain sense we have extended
stochastic thermodynamics to its ultimate range of validity, since QFT is designedh® be t
mostfundamental theory in physics."

One of the keys to the achievement was to develop a completely novel graph theoretic approach,
which allowed the researchers to classify and combine the Fayroitagrams used to describe
particle behavior in a new way. More specifically, the approach makes it possible to precisely
calculate infinite sums of all the possible permutations (or arrangements) of disconnected
subdiagrams describing the particle trejeries.

"The quantity we were interested in, the work, is different than the quantities usually calculated
by particle theorists and thus required a different approach,” Bartolotta said.

The physicists expect that the results will allow other scientstsaply the fluctuation theorems

to a wide variety of problems at the forefront of physics, such as in particle physics, cosmology,
and condensed matter physics. This includes studying things like quantum engines, the
thermodynamic properties of graphenend the quark gluon plasma produced in heavy ion
colliders some of the most extreme conditions found in nature.

In the future, the physicists plan to generalize their approach to a wider variety of quantum field
theories, which will open up even further ggibilities[17]
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Generalized Hardy's paradox shows an even stronger conflict

between quantum and classical physics

In 1993, physicist Lucien Hardy proposed an experiment showing that there is a small probability
(around 69%) of observing a particle diits antiparticle interacting with each other without
annihilating something that is impossible in classical physics. The way to explain this result is to
require quantum theory to be nonlocal: that is, to allow for the existence of-fange quantum
correlations, such as entanglement, so that particles can influence each other across long
distances.

So far, Hardy's paradox has been experimentally demonstrated witlpan@les, and a few

special cases witmore than two particles have been proposed but not experimentally
demonstrated. Now in a new paper publishedPinysical Review Lettenshysicists have

presented a generalized Hardy's paradox that extends to any number of particles. Further, they
show that any version of Hardy's paradox that involves three or more particles conflicts with
local (classical) theory even more strongly than any of the previous versions of the paradox do.
To illustrate, the physicists proposed an experiment with three pasici which the probability

of observing the paradoxical event reaches an estimated 25%.

"In this paper, we show a family of generalized Hardy's paradox to the most degree, in that by
adjusting certain parameters they not only include previously knownnsibas as special cases,

but also give sharper conflicts between quantum and classical theories in general," coauthor Jing
Ling Chen at Nankai University and the National University of Singapoiehypédorg "What's

more, based on the paradoxes, we atdeato write down novel Bell's inequalities, which enable

us to detect more quantum entangled states." [16]

A single photon reveals quantum entanglement of 16 million atoms
Quantum theory predicts that a vast number of atoms can be entangled and intextivdy a
very strong quantum relationship, even in a macroscopic structure. Until now, however,
experimental evidence has been mostly lacking, although recent advances have shown the
entanglement of 2,900 atoms. Scientists at the University of Geneva B)NS@&itzerland,
recently reengineered their data processing, demonstrating that 16 million atoms were
entangled in a oneentimetre crystal. They have published their results in Nature
Communications.

The laws of quantum physics allow immediately detecting when emitted signals are intercepted
by a third party. This property is crucial for data protection, especially in the encryption industry,
which can now guarantee that customers will be aware ofiatgrception of their messages.

These signals also need to be able to travel long distances using special relay devices known as
guantum repeaters crystals enriched with rare earth atoms and cooled to 270 degrees below
zero (barely three degrees above ahge zero), whose atoms are entangled and unified by a

very strong quantum relationship. When a photon penetrates this small crystal block,
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entanglement is created between the billions of atoms it traverses. This is explicitly predicted by
the theory, andt is exactly what happens as the crystalmaits a single photon without
reading the information it has received.

It is relatively easy to entangle two particles: Splitting a photon, for example, generates two
entangled photons that have identical prapies and behaviours. Florian Fréwis, a researcher in
the applied physics group in UNIGE's science faculty, says, "But it's impossible to directly
observe the process of entanglement between several million atoms since the mass of data you
need to collectand analyse is so huge."

As a result, Fréwis and his colleagues chose a more indirect route, pondering what
measurements could be undertaken and which would be the most suitable ones. They examined
the characteristics of light remitted by the crystal, awell as analysing its statistical properties

and the probabilities following two major avenuethat the light is reemitted in a single

direction rather than radiating uniformly from the crystal, and that it is made up of a single
photon. In this way, th researchers succeeded in showing the entanglement of 16 million

atoms when previous observations had a ceiling of a few thousand. In a parallel work, scientists
at University of Calgary, Canada, demonstrated entanglement between many large groups of
atoms. "We haven't altered the laws of physics," says Mikael Afzelius, a member of Professor
Nicolas Gisin's applied physics group. "What has changed is how we handle the flow of data."

Particle entanglement is a prerequisite for the quantum revolution thatr the horizon, which

will also affect the volumes of data circulating on future networks, together with the power and
operating mode of quantum computers. Everything, in fact, depends on the relationship
between two particles at the quantum leweh reldionship that is much stronger than the

simple correlations proposed by the laws of traditional physics.

Although the concept of entanglement can be hard to grasp, it can be illustrated using a pair of
socks. Imagine a physicist who always wears two safaftiferent colours. When you spot a red
sock on his right ankle, you also immediately learn that the left sock is not red. There is a
correlation, in other words, between the two socks. In quantum physics, an infinitely stronger
and more mysterious cogtation emerges entanglement.

Now, imagine there are two physicists in their own laboratories, with a great distance separating
the two. Each scientist has a a photon. If these two photons are in an entangled state, the
physicists will see nelocal quanum correlations, which conventional physics is unable to
explain. They will find that the polarisation of the photons is always opposite (as with the socks
in the above example), and that the photon has no intrinsic polarisation. The polarisation
measuredfor each photon is, therefore, entirely random and fundamentally indeterminate

before being measured. This is an unsystematic phenomenon that occurs simultaneously in two
locations that are far apartand this is exactly the mystery of quantum correlatidi$)



Physicists retrieve 'lost' information from quantum measurements

Typically when scientists make a measurement, they know exactly what kind of measurement
they're making, and their purpose is to obtain a measurement outcome. But in an "unrecorded
measurement,” both the type of measurement and the measurement outcome are unknown.

Despite the fact that scientists do not know this information, experiments clearly show that
unrecorded measurements unavoidably disturb the state of the system being measured for
quantum (but not classical) systems. In classical systems, unrecorded emasits have no
effect.

Although the information in unrecorded measurements appears to be completely lost, in a
paper published recently in EPL, Michael Revzen and Ady Mann, both Professors Emeriti at the
Technionlsrael Institute of Technology, have dabed a protocol that can retrieve some of the

lost information.

The fact that it is possible to retrieve this lost information reveals new insight into the
fundamental nature of quantum measurements, mainly by supporting the idea that quantum
measurementgontain both quantum and classical components.

Previously, analysis of quantum measurement theory has suggested that, while a quantum
measurement starts out purely quantum, it becomes somewhat classical when the quantum
state of the system being measuredreduced to a "classichke" probability distribution. At

this point, it is possible to predict the probability of the result of a quantum measurement.

As the physicists explain in the new paper, this step when a quantum state is reduced to a
classial-like distribution is the traceable part of an unrecorded measurememtin other
words, it is the "lost" information that the new protocol retrieves. So the retrieval of the lost
information provides evidence of the quantuto-classical transition in @uantum
measurement.

"We have demonstrated that analysis of quantum measurement is facilitated by viewing it as
being made of two parts," Revzen told Phys.org. "The first, a pure quantum one, pertains to the
non-commutativity of measurements' bases. Tleeand relates to classiclike probabilities.

"This partitioning circumvents the evpresent polemic surrounding the whole issue of
measurements and allowed us, on the basis of the accepted wisdom pertaining to classical
measurements, to suggest and denstrate that the norcommutative measurement basis may
be retrieved by measuring an unrecorded measurement.”

As the physicists explain, the key to retrieving the lost information is to use quantum
entanglement to entangle the system being measured bymmecorded measurement with a

second system. Since the two systems are entangled, the unrecorded measurement affects both
systems. Then a control measurement made on the entangled system can extract some of the
lost information. The scientists explain tithe essential role of entanglement in retrieving the

lost information affirms the intimate connection between entanglement and measurements, as




























































