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. [23]

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

[22]

"We studied two systems: a Bose-Einstein condensate 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 Institute (IF-USP),
told. [21]

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 to the success 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. [20]

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

information loss." [19]

It's well-known 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. [18]

Physicists have extended one of the most prominent fluctuation theorems of classical
stochastic thermodynamics, the Jarzynski equality, to quantum field theory. [17]

In 1993, physicist Lucien Hardy proposed an experiment showing that there is a small
probability (around 6-9%) of observing a particle and its antiparticle interacting with
each other without annihilating—something that is impossible in classical physics.

[16]

Scientists at the University of Geneva (UNIGE), Switzerland, recently reengineered
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, mainly by supporting the idea that
quantum 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 reached a milestone in their efforts to extend the
durability and dependability of quantum information. [12]

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

Some three-dimensional materials can exhibit exotic properties that only exist in
"lower" dimensions. For example, in one-dimensional 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 identity—spin, charge, or orbit. The
spinon, the entity 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 spinons 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 of Science 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 the electric 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 Special Relativity, but the Heisenberg Uncertainty
Relation, the wave particle duality and the electron’s spin also, building the bridge
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 force F=q E,
imposed by the E electric field along the wire as a result of the U potential 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 moving 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 the A magnetic potential is based on the real charge distribution of the
electrons caused by their acceleration, maintaining the E electric field and the A 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 the maximum 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 explain the magnetic induction also. The
changing acceleration of the electrons will create a —E electric field by changing the charge



distribution, increasing acceleration lowering the charge density and decreasing acceleration
causing an increasing charge density.

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 effect. The same charges would
attract each other if they are moving parallel by the magnetic effect.

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 nanometre-thick films made of gallium arsenide, which is a semiconductor
material widely used in solar cells. They sandwich the thin films between two mirrors to
manipulate the incoming photons.

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

The teams' research was published overnight in the journal Nature Materials.

While these quantum signatures are weak at the moment, the work opens up a new avenue for
producing single photons on demand.

"The ability to produce single photons on demand is hugely important for future applications in
guantum communication 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, super-fast computers, more efficient computer chips or even
optical transistors with minimal power consumption."

Currently single-photon emitters are typically created by materials engineering—where 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 identical single-photon 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 might be able 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 real-world applications 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 quantum signatures on
photons has not been accessed to date and opens up a whole new playground for researchers in
the field," says Thomas. [23]

Observation of quantized heating in quantum matter

Shaking a physical system typically heats it up, in the sense that the system 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 (clockwise/anti-clockwise), a general
phenomenon known as circular dichroism.

In 2017, Nathan Goldman (ULB, Brussels), Peter Zoller (1Q0QI, Innsbruck) and coworkers
predicted that circular dichroism can be quantized in quantum systems (heating is then
constrained by strict integers) forming a "topological state." According to this theoretical
prediction, the quantization of energy absorption upon circular driving can be directly related to

topology, a fundamental mathematical concept that characterizes these intriguing states of
matter.

Writing in Nature Physics, the experimental group of Klaus Sengstock and Christof Weitenberg
(Hamburg), in collaboration with 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 subjected to laser
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 quantization law, the results reported in this work designate heating measurements
as a powerful and universal probe for exotic states of matter. [22]

Experiments detect entropy production in mesoscopic quantum

systems

The production of entropy, which means increasing 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 of time. 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 the quantum world to the classical world and why it occurs—in other
words, finding out what makes the production of entropy predominate. This aim explains the
current interest in studying mesoscopic systems, which are not as small as individual atoms but

nevertheless display well-defined 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 published in Physical Review
Letters.

"We studied two systems: a Bose-Einstein condensate 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 Institute (IF-USP), told.

Landi was one of the scientists responsible for developing a theoretical model correlating the
production of entropy with measurable quantities for both experiments. The research is
supported by Sdo Paulo Research Foundation—FAPESP. The Bose-Einstein condensate was
studied at the Swiss Federal 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),
Bose-Einstein condensates 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 so-called Bose-Einstein statistics, which usually apply to
identical particles. In a Bose-Einstein condensate, the entire group of atoms behaves as a single
particle.

An optomechanical cavity is basically a light trap. In this particular 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 other cold, 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," Landi said. "The experiments permitted classical effects to be clearly distinguished from
quantum fluctuations."

The main difficulty in this line of research is that entropy production cannot be measured
directly. In the experiments in question, therefore, the scientists 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 deliberately used 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 irreversibility in 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 rethink 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. That study was a forerunner of the two new
experiments.

"Both the condensate and the light-confining 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 situations in 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 information. From the standpoint of thermodynamics, entropy measures
the degree of disorder. The greater the entropy, the greater the disorder in the system. By
combining these two views, we can obtain a more comprehensive understanding of the
phenomenon."

Both the Bose-Einstein condensate and the optomechanical cavity are examples of so-called
"quantum simulation platforms." These platforms enable scientists to circumvent a major
obstacle to the advancement of knowledge 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 high-temperature superconductivity. No one
understands how certain materials can behave as superconductors at the boiling point of liquid
nitrogen (approximately -196° C).

The new platforms provide quantum devices that can simulate these systems. However, they do
so in a controlled manner, eliminate all complicating factors, 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 search 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 altogether different 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 Sona 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 associated with the
relevant document selection in web-search 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 to the success 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 in their efforts to ensure that their website reaches a higher
position in the search engine results pages (SERPs).

The team explains how they are using entropy to add a metric to the number of index terms and
their frequency, and how this influences the relevance calculation carried out by search

engine algorithms. "The variation in term frequency either in processed web documents or in
users' queries 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 of entropy can be made by varying the documents' term frequency or user's
query 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 well-known 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 University in St. Louis.

"It has to do with our fascination of fire and our laziness," he said. "How can we get fire"—or
heat—"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 ultra low temperatures and microscopic systems—and 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 connection 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 issue of Physical Review Letters.

The international team included Eric Lutz of the University of Stuttgart; J. J. Alonzo of the
University of Erlangen-Nuremberg; 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 the demon knows the speed
and direction of all of the molecules, it can open the door when a fast-moving 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 direction, opening the door when a slow-moving molecule
is approaching from the right, headed left.

After a while, all of the quickly-moving molecules are on the right side of the box. Faster motion
corresponds to higher temperature. In this way, the demon has created a temperature
imbalance, where one side of the box is hotter. That temperature imbalance can be turned into
work—to push on a piston as in a steam engine, for instance. At first the thought

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 machine—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 information to extract 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 to a ground 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 ground state at the same time, analogous to being fast and slow at the same time. In
quantum physics, this is known as a superposition.
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"Can you get work from information about a superposition of energy states?" Murch 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
... tricky.

"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 long, hard look 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 states. This observation was enough, though, to allow the researchers
track with fairly high accuracy, exactly what superposition the particle was in—and this is
important, because the way the work is extracted from the particle depends on what
superposition state 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 misses some photons," Murch said. "It only gets about half. The other half are
lost." But—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 had an effect on
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 can be negative.

"I 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. In the guantum computer you are
always at risk of losing information." [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 cold reservoirs, 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 that the demon uses information to perform its sorting tasks.

It's well-known 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 published in the New Journal of Physics, physicists Georg Engelhardt and Gernot
Schaller at the Technical University of Berlin have theoretically implemented Maxwell's demon in
a single-electron transistor in order to investigate the actions of the demon in the quantum Zeno
regime.

In their model, the single-electron 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 quantum Zeno 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 continuous. 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 is that it is necessary to investigate the transient short-time
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 explain that 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 decreases so
that no external energy needs to be invested to make the demon work.

"Due to the applied non-Markovian method, we have been able to find a working mode of the
demon, at which—besides the build-up of the chemical gradient—it 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 research, we aim to investigate potential applications," Engelhardt said. "Feedback
processes are important, for exa