Diamonds for Quantum Communication

Diamonds are prized for/their purity, but their flaws: might hold the key to.anew:type of
highly secure communication$29]

Researchers from/Chalmers; University/of Technology, Sweden; and;Tallinn-University of
Technology, Estonia, have demonstrated @4000ikiktre fibre-optical transmission link
using wltra low-noise, phaseensitive optical:amplifiers. [28]

Researchersat'the University of York have shown that a new quarbased procedure
for distributing secure information along communication:lines could be successful
preventing serious security breachgd27]

In the new:study;’Bomantara;:and Gong have deyveloped a method for-harnessing the
unigue jproperties ofime crystals/forguantum computingthat is based on braiding26]

An Aalto 'University: study has proved new-evidence that time crystals can physically
existz a claim currently .under hot/debatd25]

Yale physicists haveuncovered hints.of atime:tals a form of matterthat "ticks"
when exposed toan electromagnetic puisén the last place they expected: a crystal you
might find in achild's:toy[24]

The research 'shows that.concentrated- electrolytes in solution affect hydrogen bonding,
ion interactions,.and coordination,geometries in:currently;unpredictable ways: [23]

An exoticsstate of matter/that:is dazzling scientists:with its electrical properties) eéso
exhibit unusual optical properties; as:shown in a-theoretical study by researchers at
A*STAR[22]

The breakthrough wasmade:inithe lab ohdrea Alu, director of thel 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 work of three British
researcherswhowon'the 2016 Noblei&r in Physics for/their work, which teasedout

that particular properties of matter (such:as electrical conductivity).can be-preserved in
certain materials despite continuous changes'in-the matter's form or ;shape. [21]
Researchersat the University of lllinois at Unt@Champaign have developedanew
technology for:switching heat flows 'on'on 'off'2 [20]


https://phys.org/tags/quantum+computing/

Thermoelectric:materials can use thermal d#ifences 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 of 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
comesto understanding 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 curremts in nanoscale devices by means of quantum local
observations. [16]

Physicists have proposed a new type of Maxwell's demthre hypothetical agent that
extracts work from a system by decreasing the system's entropywhich the demon
can extract work justoy making 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]

Formore 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 the three main types of engines (&troke, 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 expeeim confirming that
thermodynamic processes are irreversible in a quantum systemeaning 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 aindurn,
designing quantum computers 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 that 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
betweenone atomic spin state and another. [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 circumstancé&$e 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 positidraa 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 sapavhat is called
the "standard quantum 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 newer&mobject's
exact location, but 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 Uncertaty Relation, the Wawarticle Duality and the
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The Planck Distribution Law of the electromagnetic oscillators explains the
electron/proton mass rate and the Weak andr8ng Interactions by the diffraction
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 of the setfhaintaining 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 relativttych describes
largescale phenomena, with quantum theory, which describes ssnale phenomena. In a new
proposed experiment in this area, two toastgized "nanosatellites” carrying entangled
condensates orbit around the Earth, until one of them moteea 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 up to 20%. Experimentally testing the proposal may be
possible in the near future5]

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 particle cannot be described
independentlyg instead, a quantum state may be given for #estem 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 clear that the particles are not point
like but have a dx and dp uncertainty.



Implanting diamonds with flaws offers key technology for quantum

communications

Diamonds are prized for their purity, but their flaws might hold the key to a new type of highly
secure communications.

Princeton University researchers are usitigmonds to help create a communication netwlothat

relies on a property of subatomic particles known as their quantum state. Researchers believe such
guantum information networks would be extremely secure and could also allow new quantum
computers to work together to complete problems that are euntty unsolvable. But scientists

currently designing these networks face several challenges, including how to preserve fragile
guantum information over long distances.

Now, researchers have arrived at a possible solution using synthetic diamonds.

In an aricle published this week in the journ@tiencethe researchers describe how they were
able to store and transmit bits of quantum information, known as qubits, using a diamond in which
they had replaced two carbon atoms with osicon atom.

In standard communications networks, devices called repeaters briefly store d@rahemit signals

to allow them to travel greater distances. Nathalie de Leon, an assistant professor of electrical
engineering at Priceton University and the lead researcher, said the diamonds could serve as

guantum repeaters for networks based on qubits.

The idea of a quantum repeater has been around for a long time, "but nobody knew how to build
them," de Leon said. "We were trying find something that would act as the main component of a
guantum repeater."


https://phys.org/tags/diamonds/
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Princeton University researchers are using diamonds to preserve fragile quantum information over
long distances. Credit: Frank Wojciechowski for Princeton Uniyersit

The key challenge in creatingantum repeaters has been finding a material that could both store
and transmit qubits. So far, the best way to transmit qubits is to encode them in patrticles of light,
calledphotons. Optical fibers currently used across much of the network already transmit
information via photons. However, qubits in an optical fiber can travel only short distances before
their special quantum properties are lost and the information is scrachbtas difficult to trap and
store a photon, which by definition moves at the speed of light.

Instead, researchers have looked to solids such as crystals to provide the storage. In a crystal, such
as a diamond, qubits could theoretically be transfernexhf photons to electrons, which are easier

to store. The key place to carry out such a transfer would be flaws within the diamond, locations
where elements other than carbon are trapped in the diamond's carbon lattice. Jewelers have
known for centuries theimpurities in diamonds produce different colors. To de Leon's team, these
color centers, as the impurities are called, represent an opportunity to manipulate light and create

a quantum repeater.

Previous researchers first tried using defects called gérovacancias where a nitrogen atom
takes the place of one of the carbon atomisut found that although these defects store
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information, they don't have the correct optical properties. Others then decided to look at silicon
vacancies the substitution of a arbon atom with a silicon atom. But silicon vacancies, while they
could transfer the information to photons, lacked long coherence times.

"We asked, 'What do we know about what causes the limitations of these two color centers?'," de
Leon said. "Can we jugdesign something else from scratch, something that addresses all these
problems?"

The Princetorled team and their collaborators decided to experiment with the electrical charge of
the defect. Silicon vacancies in theory should be electrically neutrait turns out other nearby
impurities can contribute electrical charges to the defect. The team thought there might be a
connection between the charge state and the ability to keep electron spins in the proper
orientation to store qubits.

The researcherpartnered with Element Six, an industrial diamond manufacturing company, to
construct electrically neutral silicon vacancies. Element Six started by laying down layers of carbon
atoms to form the crystal. During the process, they added boron atoms, Whigh the effect of
crowding out other impurities that could spoil the neutral charge.

"We have to do this delicate dance of charge compensdietween things that can add charges or
take away charges," de Leon said. "We control the distribution of charge from the background
defects in the diamonds, and that allows us to control the charge state of the defects that we care
about.”

Next, the researhers implanted silicon ions into the diamond, and then heated the diamonds to
high temperatures to remove other impurities that could also donate charges. Through several
iterations of materials engineering, plus analyses performed in collaboration gightists at the
Gemological Institute of America, the team produced neutral silicon vacancies in diamonds.

The neutral silicon vacancy is good at both transmitting quantum information using photons and
storing quantum information using electrons, whicle &ey ingredients in creating the essential
guantum property known as entanglement, which describes how pairs of particles stay correlated
even if they become separated. Entanglement is the keyuemtum information's security:

recipients can compare measurements of their entangled pair to see if an eavesdropper has
corrupted one of the messages.

The next step in the research is to build an interface between the neutral silicon vacancy and the
photonic circuits to bring the photons from the network into and out of the color center.

Ania Bleszynski Jayich, a physics professor at the University of California, Santa Barbara, said the
researchers had successfully met a longstanding challenge of fiadiiagnond flaw with
characteristics favorable to working with quantum properties of both photons and electrons.

"The success of the authors' materiglisgineering approach to identifying promising sedtdte
defectbasedquantum platforms highlights the versatility of sol&tate defects and is likely to
inspire a more comprehensive and extensive search across a largesentiss of material and
defect candidates," said Jak, who was not involved in the research.
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The Princeton team included Brendon Rose, a postdoctoral research associate, and graduate
students Ding Huang and-Huai Zhang, who are members of de Leon's laboratory. The de Leon
team also included postdoctoredsearch associates Paul Stevenson, Sorawis Sangtawesin, and
Srikanth Srinivasan, a former postdoctoral researcher now at IBM. Additional contributions came
from staff researcher Alexei Tyryshkin and Professor of Electrical Engineering Stephen Lyon. The
team collaborated with Lorne Loudin at the Gemological Institute of America and Matthew
Markham, Andrew Edmonds and Daniel Twitchen at Elemeni2Six.

Fibre -optic transmission of 4000 km made possible by ultra -low -noise

optical amplifiers

Researchers from Chalmers University of Technology, Sweden, and Tallinn University of Technology,
Estonia, have demonstrated a 4000 kilometre fibgical transmissio link using ultra lownoise,
phasesensitive optical amplifiers. This is a reach improvement of almost six times what is possible
when using conventional optical amplifiers. The results are publishEdtiwre Communications

Video streaming, cloud storagand other online services have created an insatiable demand for
higher transmission capacity. To meet this demand, new technologies capable of significant
improvements over existing solutions are being explored worldwide.

The reach and capacity in todayibre optical transmission links are both limited by the
accumulation of noise, originating frogptical amplifiers in the link, and by the signal distortion
from nonlinear effects in th&ansmission fibre. In this grounebreaking demonstration, the
researchers showed that the use of phasmsitive amplifiers can significantly, and simultaneously,
reduce the impact of both of these effects

"While there remain several engineering challenges before these results can be implemented
commercially, the results show, for the first time, in a very clear way, the great benefits of using
these amplifiers in optical communication," says ProfessoeP&ndrekson, who leads the
research on optical communication at Chalmers University of Technology.

The amplifiers can provide a very significant reach improvement over conventional approaches, and
could potentially improve the performance of future fibopticalcommunication systems.

"Such amplifiers may also find applications in quantum informatics and related fields, where
generation and processing of quantum states are of interest, as well as imagmapy or any other
application which could benefit from ultd@w-noise amplification," says Professor Peter
Andrekson[28]

Quantum step forward in protecting communications from hackers

Researchers at the University of York have shown that a newtgmalbased procedure for

distributing secure information along communication lines could be successful in preventing serious
security breaches.
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Securing highly sensitive information, such as hospital records and bank details, is a major challenge
faced by ompanies and organisation throughout the world.

Standardcommunication systems are vulnerable to hacks, where encrypted information can be
intercepted and copied. It is currently possible for hackemnéike a copy of transmitted
information, but it would not be possible to read it without a method of breaking the encryption
that protects it.

This means that information might be secure for a period of time, but there is no guarantee that it
would be secur forever, as supercomputers in development could potentially decipher particular
encryptions in the future.

Researchers at York investigated a prototype, based on the principlesiofum mechanics, that
has the potential to sidstep the vulnerabilities of current communications, but also allow
information to be secure in the future.

Powerful attack

Dr. Cosmo Lupo, from the University of York's Department of Computer Science, said: "Quantum
mechancs has come a long way, but we are still faced with significant problems that have to be
overcome with further experimentation.

"One such problem is that a hacker can attackehetronic devices used for information
transmission by jamming the detectors that are used to collect and measure the photons that
carries information.

"Such an attack is powerful because we assume that a given device works according to its technical
specifications and witherefore perform its job. If a hacker is able to attadttedector and change
the way it works, then the security is unavoidably compromised.”

"The principles of quantum mechanics, however, allows for comaoation security even without
making assumptions on how the electronic devices will work. By removing these assumptions we
pay the price of lowering the communication rate, but gain in improving the security standard."

Two signals

Instead of relying on patbly compromised electronic components at the point at
whichinformation needs to be detected and read, the researchers found that if the untrusted
detectors existed at a separate point in the communimagic somewhere between the sender and
receiver the communication was far more secure.

The detector would receive a combination of two signals, one from the sender and one from the
receiver. The detector would only be able to read the result of this coasbsignal, but not its
component parts.

Dr. Lupacsaid: "In our work, not only have we provided a first rigorous mathematical proof that this
‘detector- independent' design works, but we have also considered a scheme that is compatible
with existing optical fibore communication networks.

"In principle oumproposal can allow for the exchange of unbreakable codes across the internet
without major changes in the actual infrastructure.
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"We are still at prototype stage, but by finding ways to reduce the cost of these systems, we are
that much closer to makingugntum communications a reality."

The research is published in the jourRdiysical Review Lettefg7]

Braiding may be key to using time crystals in quantum computing

Over the past few years, physicists have predicted that a new form of matter daflecttystals

may have potential applications in quantum computing. Now in a new study, physicists Raditya
Weda Bomantara and Jiangbin Gong at the National University of Singapore have taken some of the
first steps toward showing exactly how that might bend. They theoretically demonstrate that, by
braiding two different modes of time crystals, it's possible to generate the states that are necessary
to perform universal quantum computation.

Time crystals have attracted the attention of physicists sincetmeept was first proposed by
Frank Wilczek in 2012. Five years later, in 2@d& crystals were experimentally realized for the
first time. Just as ordinary crystals are characterized by their rampagtterns in space, time
crystalg which are always movinghave the unique feature that their motion exhibits repeating
patterns in time. To realize a time crystal, a periodically driven laser sets the particles in a
superconducting loop in motion. Whehe system is manipulated in a precise way, the particles'
motion collectively synchronizes in a periodic manner, resulting in a time crystal.

In the new study, Bomantara and Gong have developed a method for harnessing the unique
properties of time crystal forquantum computing that is based on braiding. To do this, they

turned to a particular type of time crystal called a Majorana time crystal, whose name comes from
the way it's created, which fsom the quantum coherence between two types of Majorana edge
Y2RS& 6n YR ~0 AY | &dzZLlSNO2yRdzOGAY3A OKFAYy®

The reason for choosing Majorana time crystals is that they share similarities with a type of
guasiparticle called noAbelian anyons, which can bedinted and have recently been considered

as a potential component of a topological quantum computer. By making use of this connection to
non-Abelian anyons, the physicists showed that it's possible to mimieAti@tian braiding in

Majorana time crystals.

"Loosely speaking, braiding refers to exchanging the location of two particles," Gorighiyddrg

"In order to carry out this exchange, the particles are to be systematically moved around each other
in such a way that if we draw the paths traversed bytthe particles in spacetime, they form a

braid. We know in real life that there are different types of braids, and that converting one braid to
another requires certain operations that nature cannot do by itself. As a result, by storing
information in theg different types of braids, we can manipulate this information (hence

performing quantum computation) by changing one type of braid to another (hence called

braiding) without worrying that some external disturbance may destroy them."

The braiding methochithe new study consists of a festep process that involves slowly tuning
GKS LI N} YSGSNE 2F (KS aeadSy GKIFIG 3SySNI (GSa
modes are shifted, so that at the end of the entire process, the sequence ofdraraions results

in one complete braiding operation that resets the system to its initial configuration.
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In the future, time crystals may lead to new ways to perform certain quantum computational tasks.
With this goal in mind, the physicists also showieat their quantum control protocol can be

applied to time crystals to generate "magic states," which are a basic requirement for quantum
computing.

"Braiding time crystals is potentially useful for quantum computation because we exploit their time
domainfeatures and thus obtain more qubits for encoding information, and hence achieve savings
in hardware," Gong said.

In the future, the physicists plan to further explore the possibilities of braiding time crystals. For
one thing, they expect that extendingdiding from one superconducting wire to an array of wires
may allow them to simulate more intricate braiding processes.

"Given that we have now shown how the time dimension can be used as a resource for performing
guantum computation, one future directiowe have in mind will be to explore the possibility of

storing and manipulating information with even fewer physical resources by enlarging the system in
the time direction and by making use of more Majorana modes in periodically driven quantum
wires," Gorg said. "As a lonagerm goal, we plan to use this idea to design a

robustguantum computer architecture with an optimal amount of resourcebat is, one that is
relatively small in physical size, but does talte a very long time to operate[26]

Time crystals may hold secret to coherence in quantum computing
An Aalto University study has provided new evidence that time crystals can physicaltysegiatm
currently under hot debate.

A time crystal is atructure that does not repeat in space, like normal thobsensional crystals
such as snowflakes or diamonds, but in time. In practice this means that crystals constantly
undergo spontaneous change, breaking the symmetry of time by achievingsaistlhing
oscillation.

The value is in the time crystal's coherency, a property that allows temporal and spatial consistency,
amounting to longevity otherwise not possible.

"Nature has given us a system that wants to be coherent over time," says SeniorsEuikatimir
Eltsov, leader of the ROTA research group at Aalto University.

"The system spontaneously begins to evolve in time coherently, over long periods of time, even
infinitely long," he says.

With more understanding, the coherent nature of a timesta} may pave the way for eventual
realworld applications. Researchers are hunting for systems that preserve coherence over the long
term to make, for example, quantum information processing devices, but they struggle with
sources resistant to decay.
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Until recently, there has been little experimental evidence of the phenomenon. Physicists around
the world have been racing to determinegiind howg these unique structures can be observed.

Credit: Aalto University

"There has been a lot of theoretical papers, but very few practical realizations. So ours is one of the
few, and the first to demonstrate quasrystals," says Eltsov explains.

By understanding the fundamentalstohe crystals ¢ as in, when and how they materialize
researchers may be one day able to harness these principles to develop coherency in other devices,
regardless of environmental factors.

The finding, achieved by studying the Bgisimstein cadensation of magnons in superfluid Helium
3, also has implications for other branches of physics.

"Helium3 is related to practically all branches of physics: gravity, topology, particle physics,
cosmology," says Professor Emeritus Grigori Volovik ab Aliversity, a global pioneer in the
study of connections between cosmology, higergy physics and condensed matter.

In the future it may even be possible to look at time itself, including the possibility of constructing
the boundary between time goinfgrward and back, as theory suggests.

"It is an entire universe of study," Volovik says.

The scientists observed the time quasicrystal and its transition to a superfluid time crystal at the
Low Temperature Laboratory at Aalto University in Finland, whashahonestanding history of
research on superfluidity.

The results of the study, funded by the European Research Council, were publistsdical
Review Lettersn May 25, 201825]
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Physicists find signs of a time crystal

Yale physicists have un@red hints of a time crystala form of matter that "ticks" when exposed
to an electromagnetic pulgein the last place they expected: a crystal you might find in a child's
toy.

The discovery means there are now new puzzles to solve, in terms dfrhewerystals form in the
first place.

Ordinary crystals such as salt or quartz are examples ofirmensional, ordered spatial crystals.
Their atoms are arranged in a repeating system, something scienéigesknown for a century.

Time crystals, first identified in 2016, are different. Their atoms spin periodically, first in one
direction and then in another, as a pulsating force is used to flip them. That's the "ticking." In
addition, the ticking in a timerystal is locked at a particular frequency, even when the pulse flips
are imperfect.

Scientists say that understanding time crystals may lead to improvements in atomic clocks,
gyroscopes, and magnetometers, as well as aid in building potential quantimdi®gies. The

U.S. Department of Defense recently announced a program to fund more research into time crystal
systems.

Yale's new findings are described in a pair of studies, oRéysical Review Lettesiad the other

in Physical Review. Bhe studiesepresent the second known experiment observing a telltale
signature for a discrete time crystal (DTC) in a solid. Previous experiments led to a flurry of media
attention in the past year.


https://phys.org/tags/time+crystals/

Yale researchers Jared Rovny, left, Robert Blum, center, andB8geit, right, made the
discovery. Credit: Yale University

"We decided to try searching for the DTC signature ourselves," said Yale physics professor Sean
Barrett, principal investigator for the two new studies. "My student Jared Rovny had grown
monoammaium phosphate (MAP) crystals for a completely different experiment, so we happened
to have one in our lab."

MAP crystals are considered so easy to grow that they are sometimes included in crystal growing
kits aimed at youngsters. It would be unusual talfa time crystal signature inside a MAP crystal,
Barrett explained, because time crystals were thought to form in crystals with more internal
"disorder."

The researchers used nuclear magnetic resonance (NMR) to look for a DTC sigaatucgiickly

found t. "Our crystal measurements looked quite striking right off the bat," Barrett said. "Our work
suggests that the signature of a DTC could be found, in principle, by looking in a children's crystal
growing kit."

Another unexpected thing happened, as wall€ realized that just finding the DTC signature

didn't necessarily prove that the system had a quantum memory of how it came to be," said Yale
graduate student Robert Blum, a-eathor on the studies. "This spurred us to try a time crystal
‘echo,’ which reealed the hidden coherence, or quantum order, within the system," added Rovny,
also a Yale graduate student and lead author of the studies.


https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/2018/physicistsfi.jpg



























































































