
Correlating Entangled Photons 
 

A team of researchers from Xiamen University, the University of Ottawa and the 

University of Rochester has shown that it is possible to entangle photons with 

correlations between their radial and momentum states. [30] 

In a new study, researchers demonstrate creative tactics to get rid of loopholes that have 

long confounded tests of quantum mechanics. [29] 

This is a very interesting quantum phenomenon called "magnon crystallization," in which 

the magnons are said to be in a "frustrated" state. [28] 

In a new paper, Anupama Unnikrishnan, Ian MacFarlane, Richard Yi, Eleni Diamanti, 

Damian Markham, and Iordanis Kerenidis, from the University of Oxford, MIT, Sorbonne 

University, the University of Paris and CNRS, have proposed the first 

practical protocol for anonymous communication in quantum networks. [27] 

Researchers from QuTech have achieved a world's first in quantum internet technology. 

[26] 

The achievement represents a major step towards a "quantum internet," in which future 

computers can rapidly and securely send and receive quantum information. [25] 

Scientists have used precisely tuned pulses of laser light to film the ultrafast rotation of a 

molecule. [24] 

Recently, researchers have been investigating how these quantum fingerprints might one 

day be used as an inexpensive form of ID to protect users' personal information for 

technologies in the emerging network of internet-connected devices known as the 

Internet of Things. [23] 

An exotic state of matter that is dazzling scientists with its electrical properties, can also 

exhibit unusual optical properties, as shown in a theoretical study by researchers at 

A*STAR. [22] 

The breakthrough was made in the lab of Andrea Alù, director of the ASRC's Photonics 

Initiative. Alù and his colleagues from The City College of New York, University of Texas 

at Austin and Tel Aviv University were inspired by the seminal work of three British 

researchers who won the 2016 Noble Prize in Physics for their work, which teased out 

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]  
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Researchers at the University of Illinois at Urbana-Champaign have developed a new 

technology for switching heat flows 'on' or 'off'. [20] 

Thermoelectric materials can use thermal differences to generate electricity. Now there 

is an inexpensive and environmentally friendly way of producing them with the simplest 

tools: a pencil, photocopy paper, and conductive paint. [19] 

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 

comes to 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 currents in nanoscale devices by means of quantum local 

observations. [16]  

Physicists have proposed a new type of Maxwell's demonɂthe hypothetical agent that 

extracts work from a system by decreasing the system's entropyɂin which the demon 

can extract work just by 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]  

For more than a century and a half of physics, the Second Law of Thermodynamics, 

which states that entropy always increases, has been as close to inviolable as any law we 

know. In this universe, chaos reigns supreme.  

[13]  

Physicists have shown that the three main types of engines (four-stroke, twostroke, and 

continuous) are thermodynamically equivalent in a certain quantum regime, but not at 

the classical level. [12]  

For the first time, physicists have performed an experiment confirming that 

thermodynamic processes are irreversible in a quantum systemɂmeaning that, even on 

the quantum level, you can't put a broken egg back into its shell. The results have 

implications for understanding thermodynamics in quantum systems and, in turn, 

designing quantum 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 

between one 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 circumstances. The new results allow for 

understanding how quantum information that has been lost during a measurement can 

be nearly recovered, which has potential implications for a variety of quantum 

technologies. [9]  

Today, we are capable of measuring the position of an object with unprecedented 

accuracy, but quantum physics and the Heisenberg uncertainty principle place 

fundamental limits on our ability to measure. Noise that arises as a result of the 

quantum nature of the fields used to make those measurements imposes what is called 

the "standard quantum limit." This same limit influences both the ultrasensitive 

measurements in nanoscale devices and the kilometer-scale gravitational wave detector 

at LIGO. Because of this troublesome background noise, we can never know an object'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 Uncertainty Relation, the Wave-Particle Duality and the 

ÅÌÅÃÔÒÏÎȭÓ ÓÐÉÎ ÁÌÓÏȟ ÂÕÉÌÄÉÎÇ ÔÈÅ "ÒÉÄÇÅ ÂÅÔ×ÅÅÎ ÔÈÅ #ÌÁÓÓÉÃÁÌ ÁÎÄ 1ÕÁÎÔÕÍ 4ÈÅÏÒÉÅÓȢ   

The Planck Distribution Law of the electromagnetic oscillators explains the 

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

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

charge from one side to the other side of the diffraction pattern, which violates the CP 

and Time reversal symmetry.  

The diffraction patterns and the locality of the self-maintaining electromagnetic 

potential explains also the Quantum Entanglement, giving it as a natural part of the 

relativistic quantum theory.  
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Preface  
Physicists are continually looking for ways to unify the theory of relativity, which describes 

largescale phenomena, with quantum theory, which describes small-scale phenomena. In a new 

proposed experiment in this area, two toaster-sized "nanosatellites" carrying entangled 

condensates orbit around the Earth, until one of them moves to a different orbit with different 

gravitational field strength. As a result of the change in gravity, the entanglement between the 

condensates is predicted to degrade by up to 20%. Experimentally testing the proposal may be 

possible in the near future. [5]  

Quantum entanglement is a physical phenomenon that occurs when pairs or groups of particles are 

generated or interact in ways such that the quantum state of each particle cannot be described 

independently ς instead, a quantum state may be given for the system as a whole. [4]  

I 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.   



  

Correlating entangled photons by radial position and momenta   
A team of researchers from Xiamen University, the University of Ottawa and the University of 

Rochester has shown that it is possible to entangle photons with correlations between their radial 

and momentum states. In their paper published in the journal Physical Review Letters, the group 

describes experiments they carried out with entangled photons and what they learned. 

Entanglement has made headlines as scientists continue to study the "eerie" quantum-mechanical 

phenomenon. Such work has shown that different types of quantum particles can be entangled, 

and that photons, in particular, can be entangled with correlations between such properties as 

polarization. In this new effort, the researchers have shown that entangled photon pairs can 

also be entangled with correlations between their radial positions and their radial momenta. 

With photons, radial positions are their radii state and their radial momentum is a way of describing 

whether their ring is contracting or expanding. In this new effort, the researchers sought to learn 

whether it would be possible to correlate entangled photons using these two properties. 

To find out, the researchers created a pair of entangled photons by firing a laser into a crystalτ

each of the entangled photons was then directed down a separate arm with two spatial light 

modulators. One of the modulators checked for correlations between radii, and the other one 

checked momentum. The modulators only allowed those of a predefined type to pass throughτ

photons that were able to pass through were measured by detectors situated at the end of the 

arm. If both of the photons made it through the modulators, they were deemed to be entangled. 

The researchers report that their experiments showed that photons can, indeed, be correlated by 

radial position and momentum. They suggest their finding opens up the possibility of 

using entangled photons in new waysτsuch as to create specialized optical tweezers for 

applications such as moving trapped particles with more precision. They also suggest such 

entangled photons could be used to create new types of cryptography applications or as 

experimental tools used to test physics theories. [30] 

 

 

Cracking a decades-old test, researchers bolster case for quantum 

mechanics  
In a new study, researchers demonstrate creative tactics to get rid of loopholes that have long 

confounded tests of quantum mechanics. With their innovative method, the researchers were able 

to demonstrate quantum interactions between two particles spaced more than 180 meters (590 

feet) apart while eliminating the possibility that shared events during the past 11 years affected 

their interaction. 

A paper explaining these results will be presented at the Frontiers in Optics + Laser Science (FIO + 

LS) conference, held 15ς19 September in Washington, D.C., U.S.A. 
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Quantum phenomena are being explored for applications in computing, encryption, sensing and 

more, but researchers do not yet fully understand the physics behind them. The new work could 

help advance quantum applications by improving techniques for probing quantum 

mechanics. 

A test for quantum theories  
Physicists have long grappled with different ideas about the forces that govern our world. While 

theories of quantum mechanics have gradually overtaken classical mechanics, many aspects of 

quantum mechanics remain mysterious. In the 1960s, physicist John Bell proposed a way to test 

quantum mechanics known as Bell's inequality. 

The idea is that two parties, nicknamed Alice and Bob, make measurements on particles that are 

located far apart but connected to each other via quantum entanglement. 

If the world were indeed governed solely by quantum mechanics, these remote particles would be 

governed by a nonlocal correlation through quantum interactions, such that measuring the state of 

one particle affects the state of the other. However, some alternate theories suggest that the 

particles only appear to affect each other, but that in reality they are connected by other hidden 

variables following classical, rather than quantum, physics. 

Researchers have conducted many experiments to test Bell's inequality. However, experiments 

can't always be perfect, and there are known loopholes that could cause misleading results. While 

most experiments have strongly supported the conclusion that quantum interactions exist, these 

loopholes still leave a remote possibility that researchers could be inadvertently affecting hidden 

variables, thus leaving room for doubt. 

Closing loopholes  
In the new study, Li and his colleagues demonstrate ways to close those loopholes and add to the 

evidence that quantum mechanics governs the interactions between the two particles. 

"We realized a loophole-free Bell test with the measurement settings determined by remote cosmic 

photons. Thus we verified the completeness of quantum mechanics with high-confidence 

probability," said Ming-Han Li of the University of Science and Technology of China, who is lead 

author on the paper. 

Their experimental setup includes three main components: a device that periodically sends out 

pairs of entangled photons and two stations that measure the photons. These stations are Alice and 

Bob, in the parlance of Bell's inequality. The first measurement station is 93 meters (305 feet) from 

the photon pair source and the second station is 90 meters (295 feet) away in the opposite 

direction. 

The entangled photons travel through single mode optical fiber to the measurement stations, 

where their polarization state is measured with a Pockels cell and the photons are detected by 

superconducting nanowire single-photon detectors. 

In designing their experiment, the researchers sought to overcome three key problems: the idea 

that loss and noise make detection unreliable (the detection loophole), the idea that any 

https://phys.org/tags/quantum+mechanics/
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communication that affects Alice's and Bob's measurement choices makes the measurement 

cheatable (the locality loophole), and the idea that a measurement-setting choice that is not "truly 

free and random" makes the result able to be controlled by a hidden cause in the common past 

(the freedom-of-choice loophole). 

To address the first problem, Li and his colleagues demonstrated that their setup achieved a 

sufficiently low level of loss and noise by comparing measurements made at the start and end of 

the photon's journey. To address the second, they built the experimental setup with space-like 

separation between the events of measurement setting choice. To address the third, they based 

their measurement-setting choices on cosmic photon behavior from 11 years earlier, which offers 

high confidence that nothing in the particles' shared pastτfor at least the past 11 yearsτcreated a 

hidden variable affecting the outcome. 

Combining theoretically calculated predictions with experimental results, the researchers were able 

to demonstrate quantum interactions between the entangled photon pairs with a high degree of 

confidence and fidelity. Their experiment thus provides robust evidence that quantum effects, 

rather than hidden variables, are behind the particles' behavior. [29] 

 

 

Studying quantum phenomena in magnetic systems to understand 

exotic states of matter  
Besides solids, liquids and gases, more exotic states of matter can be generated in specific materials 

under special conditions. Such states are of great interest to physicists because they provide a 

deeper understanding of quantum phenomena. 

The Bose-Einstein condensate is one such state of matter that occurs at very low temperatures. In 

this state, most of the constituent particles of the condensate are in the so-called "ground 

state," at their lowest possible energy, and microscopic quantum phenomena can be easily 

observed. Interestingly, this state can also be exhibited by quasiparticles, which are not actual 

particles but represent collective microscopic excitations in a system and can thus be used to 

describe the system in a simplified, yet very useful manner. 

Magnons, a type of quasiparticle that manifests in magnetic materials, are collective 

excitations originating from electrons in a crystal. Magnons can normally hop between different 

locations in the crystal; however, in some compounds and under the effect of a magnetic field, they 

can be trapped in a kind of catch-22 situation, which results in rigid crystallinity. This is a very 

interesting quantum phenomenon called "magnon crystallization," in which the magnons are 

said to be in a "frustrated" state. 

To explore this peculiar effect, a team of scientists led by Prof. Hidekazu Tanaka from Tokyo Tech 

worked on characterizing the magnetic excitations occurring in a magnetic insulator, Ba2CoSi2O6Cl2. 

They performed neutron scattering experiments, in which neutron beams were fired onto 

Ba2CoSi2O6Cl2 crystals at different energies and angles to determine the properties of the crystals. 

https://phys.org/tags/loophole/
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Based on the results of these experiments, the team demonstrated that magnon crystallization 

occurs in Ba2CoSi2O6Cl2 and attributed the origin of this ordered state to the fundamental 

electronic interactions in the material, from a quantum-mechanical perspective. "Until recently, 

experimental studies on magnon crystallization have been limited to the Shastry-Sutherland 

compound SrCu2(BO3)2, and this study is an attempt to investigate this fascinating quantum 

phenomenon in a different material," remarks Prof. Tanaka. 

Understanding the ordering of magnons and their effects on the micro- and macroscopic magnetic 

properties of crystals could provide researchers valuable insight to correlate condensed matter 

physics with the principles of quantum mechanics. "This work shows that highly frustrated 

quantum magnets provide playgrounds for interacting quantum particles," concludes Prof. Tanaka. 

Additional studies are required to further understand the Ba2CoSi2O6Cl2 system and gain a deeper 

foothold into quantum mechanics and its potential applications. [28] 

 

 

Practical anonymous comm unication protocol developed for quantum 

networks  
The ability to securely transmit information over the internet is extremely important, but most of 

the time, eavesdroppers can still generally determine who the sender and receiver are. In some 

highly confidential situations, it is important that the sender's and receiver's identities remain 

anonymous. 

Over the past couple of decades, researchers have been developing protocols for anonymously 

transmitting messages over classical networks, but similar protocols for quantum 

networks are still in much earlier stages of development. The anonymity methods that have 

been proposed for quantum networks so far face challenges such as implementation difficulties or 

require that strong assumptions be made about the resources, making them impractical for use in 

the real world. 

In a new paper, Anupama Unnikrishnan, Ian MacFarlane, Richard Yi, Eleni Diamanti, Damian 

Markham, and Iordanis Kerenidis, from the University of Oxford, MIT, Sorbonne University, the 

University of Paris and CNRS, have proposed the first practical protocol for anonymous 

communication in quantum networks. 

"Our protocol brings anonymous quantum communication closer to being actually demonstrated in 

the lab," Unnikrishnan told Phys.org. "We can guarantee anonymity in the most paranoid scenario: 

without needing to trust the honesty or computational power of players in the network, or 

even the entanglement they share." 

The new protocol works in the following way. To start, the player who wants to send a message 

anonymously notifies the receiver. Then, in each round of the protocol, an untrusted source creates 

an entangled quantum state called the Greenberger-Horne-Zeilinger (GHZ) state, and 

distributes it between the players. 

https://phys.org/tags/quantum+networks/
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The players then have two options: They can either check if the state is actually the GHZ state by 

running a verification test, or they can use the state for anonymous quantum communication. Most 

of the time, the players test the state. If a test fails, indicating a possible breach, the players stop 

the protocol. In this way, a misbehaving source is likely to get caught. 

If the players chose to use the state for anonymous communication, they perform certain 

operations and measurements on their part of the GHZ state in order to create "anonymous 

entanglement" between the sender and receiver, so that they are now connected by an 

anonymous quantum channel. Using this channel, the sender can then use quantum teleportation 

to anonymously send a quantum message to the receiver. 

The ability of the protocol to achieve perfect anonymity depends on the players performing perfect 

actions and sharing a perfect GHZ state. The researchers showed that, even in realistic networks 

with imperfections, the players can still communicate close to anonymouslyτwithin a security 

parameter epsilon, leading them to call their method an "epsilon-anonymous protocol." 

In the future, the ability to anonymously transmit messages will be critical for many of the potential 

applications of a future quantum internet. However, much more work needs to be done in the 

meantime. 

"We are looking into the experimental demonstration of the protocol in our lab and also in parallel 

into the conception of further protocols that can enrich the toolbox of applications offered by 

quantum networks," Diamanti said. [27] 

 

 

World's first link layer protocol brings quantum internet closer to a 

reality  
Researchers from QuTech have achieved a world's first in quantum internet technology. A team led 

by Professor Stephanie Wehner has developed a so-called link layer protocol that brings the 

phenomenon of quantum entanglement from experimental physics to a real-world quantum 

network. This brings closer the day when quantum internet can become a reality, delivering 

applications that are impossible to achieve via classical internet. The work was presented today at 

ACM SIGCOMM. 

In classical computing, a collection of software layers referred to as the network stack allows 

computers to communicate with each other. Underlying the network stack are communications 

protocols, such as the internet protocol or HTTP. Stephanie Wehner explained that one 

essential protocol used by a network is the link layer protocol, which overcomes the problems 

caused by imperfect hardware: "All of us use classical link layer protocols in everyday life. One 

example is Wi-Fi, which allows an unreliable radio signalτsuffering from interruptions and 

interferenceτto be used to transmit data reliably between compatible devices." 

A quantum network, based on transmission of quantum bits, or qubits, requires the same level of 

reliability. Stephanie Wehner says, "In our work, we have proposed a quantum network stack, and 

have constructed the world's first link-layer protocol for a quantum network." 

https://phys.org/tags/internet+protocol/


It turns out that existing classical protocols cannot help in the quantum world. One challenge is 

presented by differences between the technologies used. Stephanie Wehner: "Currently, qubits 

cannot be kept in memory for very long. This means control decisions on what to do with them 

need to be taken very quickly. By creating this link layer protocol, we have overcome obstacles 

presented by some very demanding physics." 

There are also some fundamental differences between a future quantum internetand the 

internet that we see today. Stephanie Wehner said that two quantum bits can be entangled: "Such 

entanglement is like a connection. This is very different to the situation for classical link layer 

protocols where we typically just send signals. In that case, there is no sense of connection built in 

at a fundamental level." 

Quantum internet  
The phenomenon of entanglement forms the basis of a quantum internet. When two fundamental 

particles are entangled, they are connected with each other in such a way that nothing else can 

have any share of this connection. Researcher Axel Dahlberg said that this enables a whole new 

range of applications "Security is one important application. It is physically impossible to eavesdrop 

on an entangled network connection between two users. To give another example, the technology 

also allows improved clock synchronization, or it can join up astronomical telescopes that are a long 

way apart, so they act as a huge single telescope." 

Researcher Matthew Skrzypczyk said that an important feature of the proposed quantum network 

stack and the link layer protocol is that it any future software written using the protocol will be 

compatible with many quantum hardware platforms. "Someone who makes use of our link layer 

protocol no longer needs to know what the underlying quantum hardware is. In our paper, we 

study the protocol's performance on Nitrogen-Vacancy centers in diamond, which are essentially 

small quantum computers. However, our protocol can also be implemented on Ion Traps, for 

example. This also means our link layer protocol can be used in the future on many different types 

of quantum hardware." 

Building a quantum network system  
Stephanie Wehner said that the next step will be to test and demonstrate a new network layer 

protocol using the link layer protocol: "Our link layer protocol allows us to reliably generate 

entanglement between two network nodes connected by a direct physical link, such as a telecom 

fiber. The next step is to produce entanglement between network nodes which are not connected 

directly by a fiber, using the help of an intermediary node. In order to realize large scale quantum 

networks, it is important to go beyond a physics experiment, and move towards building a 

quantum network system. This is one of the objectives EU-funded Quantum Internet Alliance 

(QIA)." [26] 

 

 

Travelling towards a quantum internet at light speed  
A research team lead by Osaka University demonstrated how information encoded in the circular 

polarization of a laser beam can be translated into the spin state of an electron in a quantum dot, 
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each being a quantum bit and a quantum computer candidate. The achievement represents a 

major step towards a "quantum internet," in which future computers can rapidly and securely send 

and receive quantum information. 

Quantum computers have the potential to vastly outperform current systems because they work in 

a fundamentally different way. Instead of processing discrete ones and 

zeros, quantuminformation, whether stored in electron spins or transmitted by laser photons, 

can be in a superposition of multiple states simultaneously. Moreover, the states of two or more 

objects can become entangled, so that the status of one cannot be completely described without 

this other. Handling entangled states allow quantum computers to evaluate many possibilities 

simultaneously, as well as transmit information from place to place immune from eavesdropping. 

However, these entangled states can be very fragile, lasting only microseconds before losing 

coherence. To realize the goal of a quantum internet, over which coherent light signals can relay 

quantum information, these signals must be able to interact with electron spins inside distant 

computers. 

Researchers led by Osaka University used laser light to send quantum information to a 

quantum dot by altering the spin state of a single electron trapped there. While electrons don't spin 

in the usual sense, they do have angular momentum, which can be flipped when absorbing 

circularly polarized laser light. 

"Importantly, this action allowed us to read the state of the electron after applying the laser light to 

confirm that it was in the correct spin state," says first author Takafumi Fujita. "Our readout 

method used the Pauli exclusion principle, which prohibits two electrons from occupying the exact 

same state. On the tiny quantum dot, there is only enough space for the electron to pass the so-

called Pauli spin blockade if it has the correct spin." 

Quantum information transfer has already been used for cryptographic purposes. "The transfer of 

superposition states or entangled states allows for completely secure quantum key distribution," 

senior author Akira Oiwa says. "This is because any attempt to intercept the signal automatically 

destroys the superposition, making it impossible to listen in without being detected." 

The rapid optical manipulation of individual spins is a promising method for producing a quantum 

nano-scale general computing platform. An exciting possibility is that future computers may be able 

to leverage this method for many other applications, including optimization and chemical 

simulations. [25] 

 

 

Scientists film rotating carbonyl sulphide molecules  
Scientists have used precisely tuned pulses of laser light to film the ultrafast rotation of a molecule. 

The resulting "molecular movie" tracks one and a half revolutions of carbonyl sulphide (OCS)τa 

rod-shaped molecule consisting of one oxygen, one carbon and one sulphur atomτtaking place 

within 125 trillionths of a second, at a high temporal and spatial resolution. The team headed by 

DESY's Jochen Küpper from the Center for Free-Electron Laser Science (CFEL) and Arnaud Rouzée 
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