
Macroscopic Quantum Coherence 
  

Tarucha, the leader of the team, says, "This is a very exciting finding, as it could 

potentially help to accelerate research into scaling up semiconductor quantum 

computers, allowing us to solve scientific problems that are very tough on 

conventional computer systems." [29] 

Physicists at Saarland University in Saarbrücken, Germany, have succeeded in entangling 

a single atom with a single photon in the telecom wavelength range. [28]  

A team of physicists from ICTP-Trieste and IQOQI-Innsbruck has come up with a 

surprisingly simple idea to investigate quantum entanglement of many particles. [27] 

For the first time, physicists have experimentally demonstrated ternaryɂrather than 

binaryɂquantum correlations between entangled objects. [26] 

The physicists, Sally Shrapnel, Fabio Costa, and Gerard Milburn, at The University of 

Queensland in Australia, have published a paper on the new quantum probability rule in 

the New Journal of Physics. [25] 

Researchers have studied how a 'drumstick' made of light could make a microscopic 

'drum' vibrate and stand still at the same time. [24] 

A University of Oklahoma physicist, Alberto M. Marino, is developing quantum-enhanced 

sensors that could find their way into applications ranging from biomedical to chemical 

detection. [23] 

A team of researchers from Shanghai Jiao Tong University and the University of Science 

and Technology of China has developed a chip that allows for two-dimensional quantum 

walks of single photons on a physical device. [22] 

The physicists, Sally Shrapnel, Fabio Costa, and Gerard Milburn, at The University of 

Queensland in Australia, have published a paper on the new quantum probability rule in 

the New Journal of Physics. [21] 

Probabilistic computing will allow future systems to comprehend and compute with 

uncertainties inherent in natural data, which will enable us to build computers capable of 

understanding, predicting and decision-making. [20] 

For years, the people developing artificial intelligence drew inspiration from what was 

known about the human brain, and it has enjoyed a lot of success as a result. Now, AI is 

starting to return the favor. [19] 
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Scientists at the National Center for Supercomputing Applications (NCSA), located at the 

University of Illinois at Urbana-Champaign, have pioneered the use of GPU-accelerated 

deep learning for rapid detection and characterization of gravitational waves. [18] 

Researchers from Queen Mary University of London have developed a mathematical 

model for the emergence of innovations. [17] 

Quantum computers can be made to utilize effects such as quantum coherence and 

entanglement to accelerate machine learning. [16]  

Neural networks learn how to carry out certain tasks by analyzing large amounts of 

data displayed to them. [15]  

Who is the better experimentalist, a human or a robot? When it comes to exploring 

synthetic and crystallization conditions for inorganic gigantic molecules, actively 

learning machines are clearly ahead, as demonstrated by British Scientists in an 

experiment with polyoxometalates published in the journal Angewandte Chemie. [14]  

Machine learning algorithms are designed to improve as they encounter more data, 

making them a versatile technology for understanding large sets of photos such as those 

accessible from Google Images. Elizabeth Holm, professor of materials science and 

engineering at Carnegie Mellon University, is leveraging this technology to better 

understand the enormous number of research images accumulated in the field of 

materials science. [13]  

With the help of artificial intelligence, chemists from the University of Basel in 

Switzerland have computed the characteristics of about two million crystals made up of 

four chemical elements. The researchers were able to identify 90 previously unknown 

thermodynamically stable crystals that can be regarded as new materials. [12]  

The artificial intelligence system's ability to set itself up quickly every morning and 

compensate for any overnight fluctuations would make this fragile technology much 

more useful for field measurements, said co-lead researcher Dr Michael Hush from 

UNSW ADFA. [11]  

Quantum physicist Mario Krenn and his colleagues in the group of Anton  

Zeilinger from the Faculty of Physics at the University of Vienna and the Austrian 

Academy of Sciences have developed an algorithm which designs new useful quantum 

experiments. As the computer does not rely on human intuition, it finds novel unfamiliar 

solutions. [10]  

Researchers at the University of Chicago's Institute for Molecular Engineering and the 

University of Konstanz have demonstrated the ability to generate a quantum logic 

operation, or rotation of the qubit, that - surprisinglyɂis intrinsically resilient to noise 

as well as to variations in the strength or duration of the control. Their achievement is 



based on a geometric concept known as the Berry phase and is implemented through 

entirely optical means within a single electronic spin in diamond. [9]  

New research demonstrates that particles at the quantum level can in fact be seen as 

behaving something like billiard balls rolling along a table, and not merely as the 

probabilistic smears that the standard interpretation of quantum mechanics suggests. 

But there's a catch - the tracks the particles follow do not always behave as one would 

expect from "realistic" trajectories, but often in a fashion that has been termed 

"surrealistic." [8]  

Quantum entanglementɂwhich occurs when two or more particles are correlated in 

such a way that they can influence each other even across large distancesɂis not an all-

or-nothing phenomenon, but occurs in various degrees. The more a quantum state is 

entangled with its partner, the better the states will perform in quantum information 

applications. Unfortunately, quantifying entanglement is a difficult process involving 

complex optimization problems that give even physicists headaches. [7]  

A trio of physicists in Europe has come up with an idea that they believe would allow a 

person to actually witness entanglement. Valentina Caprara Vivoli, with the University 

of Geneva, Pavel Sekatski, with the University of Innsbruck and Nicolas Sangouard, with 

the University of Basel, have together written a paper describing a scenario where a 

human subject would be able to witness an instance of entanglementɂthey have 

uploaded it to the arXiv server for review by others. [6]  

The accelerating electrons explain not only the Maxwell Equations and the  

Special Relativity, but the Heisenberg Uncertainty Relation, the Wave-Particle Duality 

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

Theories.   

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.   

  

Environmental noise paradoxically preserves the coherence of a 

quantum system   
Quantum computers promise to advance certain areas of complex computing. One of the 

roadblocks to their development, however, is the fact that quantum phenomena, which take place 

at the level of atomic particles, can be severely affected by environmental "noise" from their 

surroundings. In the past, scientists have tried to maintain the coherence of the systems by cooling 

them to very low temperatures, for example, but challenges remain. Now, in research published 

in Nature Communications, scientists from the RIKEN Center for Emergent Matter Science and 

collaborators have used dephasing to maintain quantum coherence in a three-particle system. 

Normally, dephasing causes decoherence in quantum systems. 

Quantum phenomena are generally restricted to the atomic level, but there are casesτsuch as laser 

light and superconductivityτin which the coherence of quantum phenomena allows them to be 

expressed at the macroscopic level. This is important for the development of quantum computers. 

However, they are also extremely sensitive to the environment, which destroys the coherence that 

makes them meaningful. 

The group, led by Seigo Tarucha of the RIKEN Center for Emergent Matter Science, set up a system 

of three quantum dots in which electron spins could be individually controlled with an electric 

field. They began with two entangled electron spins in one of the end quantum dots, while keeping 

the center dot empty, and transferred one of these spins to the center dot. They then swapped the 

center dot spin with a third spin in the other end dot using electric pulses, so that the third spin was 

now entangled with the first. The entanglement was stronger than expected, and based on 

simulations, the researchers realized that the environmental noise around the system was, 

paradoxically, helping the entanglement to form. 

According to Takashi Nakajima, the first author of the study, "We discovered that this derives from a 

phenomenon known as the 'quantum Zeno paradox,' or 'Turing paradox,' which means that we can 

slow down a quantum system by the mere act of observing it frequently. This is interesting, as it 

leads to environmental noise, which normally makes a system incoherent, Here, it made the system 

more coherent." 
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Tarucha, the leader of the team, says, "This is a very exciting finding, as it could potentially help to 

accelerate research into scaling up semiconductor quantum computers, allowing us to solve 

scientific problems that are very tough on conventional computer systems." 

Nakajima says, "Another area that is very interesting to me is that a number of biological systems, 

such as photosynthesis, that operate within a very noisy environment take advantage of 

macroscopic quantum coherence, and it is interesting to ponder if a similar process may be taking 

place." [29] 

 

 

 

Researchers develop module for quantum repeater  
Physicists at Saarland University in Saarbrücken, Germany, have succeeded in entangling a single 

atom with a single photon in the telecom wavelength range. This constitutes a basic building block 

for transmission of quantum information over long distance with low loss. The results have raised 

interest in the quantum technology community and are now published in Nature Communications. 

Communication using quantum states offers ultimate security, because eavesdropping attempts 

perturb the signal and would therefore not remain undetected. For the same reason, though, long-

distance transmission of that information is difficult. In classical telecommunication, the increasing 

attenuation of the signal is counteracted by measuring, amplifying and re-sending it in so-called 

repeater stations, but this turns out to be as detrimental to the quantum information as an 

eavesdropper. 

Therefore, a different principle has to be used: the quantum repeater. Here, quantum 

entanglement is first established over short distance and then propagated to longer separations. 

Quantum entanglement between two particles means that their common state is precisely defined, 

although when one measures the individual states of the particles, the results are random and 

unpredictable. A possible realization is to entangle a single atom with a photon that it emits. This is 

what happens in the laboratories of Prof. Jürgen Eschner, employing single calcium atoms in an ion 

trap that are controlled by laser pulses (https://www.uni-saarland.de/en/lehrstuhl/eschner.html). 

For the wavelength of 854 nanometers where atom-photon entanglement is created, however, no 

low-loss optical fibers for long-distance transmission exist; instead, one would like to transmit the 

photons in one of the so-called telecom bands (1300 ς 1560 nanometers). The technology for 

converting the photons into this regime, the quantum frequency converter, has been developed by 

Prof. Christoph Becher and his research group (http://www.uni-

saarland.de/fak7/becher/index.htm). 

Together, the two groups have now demonstrated that after quantum frequency conversion, the 

telecom photon is still entangled with the atom that emitted the original photon, and that the high 

quality of the entanglement is maintained. One of the fascinating aspects of the work is that the 

entangled quantum state of the two microscopic particles (a single atom and a single telecom 

photon) extends over several floors of the physics building of the university. "This paves the way 

for entanglement over 20 kilometers and more", comments Matthias Bock, Ph.D. student in 

quantum technologies and first author of the study. The results are an important step towards 
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integrating quantum technologies into conventional telecommunications; for their research 

towards this goal, the two groups at Saarland University are funded by the German Ministry for 

Education and Research, BMBF. 

Explanation of quantum entanglement: 

The state of an individual quantum bit (an atom with two energy states of its electron, or 

a photon with two directions of its polarization) may be visualized as a point on the surface of a 

sphere. Measurement of that state provides an unpredictable result anywhere on the surface. The 

other qubit that is entangled with the first one will, however, always be found in the opposite point 

on the sphere. This correlation may also exist over large distances. Einstein called this phenomenon 

"spooky action at a distance"; it belongs to the non-intuitive peculiarities of quantum mechanics, 

but it has been confirmed in many experiments. [28] 

 

 

 

Turning entanglement upsi de down  
A team of physicists from ICTP-Trieste and IQOQI-Innsbruck has come up with a surprisingly simple 

idea to investigate quantum entanglement of many particles. Instead of digging deep into the 

properties of quantum wave functions, which are notoriously hard to experimentally access, they 

propose to realize physical systems governed by the corresponding entanglement Hamiltonians. By 

doing so, entanglement properties of the original problem of interest become accessible via well-

established tools. 

Quantum entanglement forms the heart of the second quantum revolution: it is a key characteristic 

used to understand forms of quantum matter, and a key resource for present and future quantum 

technologies. Physically, entangled particles cannot be described as individual particles with 

defined states, but only as a single system. Even when the particles are separated by a large 

distance, changes in one particle also instantaneously affect the other particle(s). The entanglement 

of individual particlesτwhether photons, atoms or moleculesτis part of everyday life in the 

laboratory today. In many-body physics, following the pioneering work of Li and Haldane, 

entanglement is typically characterized by the so-called entanglement spectrum: it is able to 

capture essential features of collective quantum phenomena, such as topological order, and at the 

same time, it allows to quantify the 'quantumness' of a given stateτthat is, how challenging it is to 

simply write it down on a classical computer. 

Despite its importance, the experimental methods to measure the entanglement spectrum quickly 

reach their limitsτuntil today, these spectra have been measured only in few qubits systems. With 

an increasing number of particles, this effort becomes hopeless as the complexity of current 

techniques increases exponentially. 

"Today, it is very hard to perform an experiment beyond few particles that allows us to make 

concrete statements about entanglement spectra," explains Marcello Dalmonte from the 

International Centre for Theoretical Physics (ICTP) in Trieste, Italy. Together with Peter Zoller and 

Benoît Vermersch at the University of Innsbruck, he has now found a surprisingly simple way to 
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investigate quantum entanglement directly. The physicists turn the concept of quantum 

simulation upside down by no longer simulating a certain physical system in the quantum simulator, 

but directly simulating its entanglement Hamiltonian operator, whose spectrum of excitations 

immediately relates to the entanglement spectrum. 

"Instead of simulating a specific quantum problem in the laboratory and then trying to measure the 

entanglement properties, we propose simply turning the tables and directly realizing the 

corresponding entanglement Hamiltonian, which gives immediate and simple access to 

entanglement properties, such as the entanglement spectrum," explains Marcello Dalmonte. 

"Probing this operator in the lab is conceptually and practically as easy as probing conventional 

many-body spectra, a well-established lab routine." 

Furthermore, there are hardly any limits to this method with regard to the size of the quantum 

system. This could also allow the investigation of entanglement spectra in many-particle systems, 

which is notoriously challenging to address with classical computers. Dalmonte, Vermersch and 

Zoller describe the radically new method in a current paper in Nature Physics and demonstrate its 

concrete realization on a number of experimental platforms, such as atomic systems, trapped ions 

and also solid-state systems based on superconducting quantum bits. [27] 

 

 

 

Stronger -than -binary correlations experimentally demonstrated for the 

first time  
For the first time, physicists have experimentally demonstrated ternaryτrather than binaryτ

quantum correlations between entangled objects. The results show that the quantum 

measurement process cannot be described as a binary process (having two possible outcomes), but 

rather stronger-than-binary ternary measurements (which have three possible outcomes) should be 

considered in order to fully understand how the quantum measurement process works. 

The physicists, Xiao-Min Hu and coauthors from China, Germany, Spain, and Hungary, have 

published a paper on the stronger-than-binary correlations in a recent issue of Physical Review 

Letters. 

"We discovered and experimentally verified the existence of genuine ternary measurements," 

coauthor Matthias Kleinmann at the University of Siegen in Siegen, Germany, and the University of 

the Basque Country in Bilbao, Spain, told Phys.org. "The experimental conclusions are independent 

of any underlying theory (here: quantum theory) and establish that ternary measurements are a 

generic feature of nature." 

Before now, stronger-than-binary correlations have been theoretically predicted to exist, but this is 

the first time that they have been experimentally observed. In their experiments, the researchers 

entangled two photonic qutrits, each of which has three possible states (0, 1, and 2), instead of just 

two (0 and 1) as for qubits. They then sent the qutrits to different laboratories where they 

measured the state of each qutrit, enabling them to determine the strength of the correlations 

between the two qutrits. 
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