
Like Charges Attract 
  

But in a new study, physicists have made the surprising discovery that two spherical like-

charged metal nanoparticles with unequal charges can attract one another in a dilute 

electrolyte solution. [23] 

There are two sound velocities in a Bose-Einstein condensate. In addition to the normal 

sound propagation there is second sound, which is a quantum phenomenon. [22] 

Quantum sensors can reach sensitivities that are impossible according to the laws of 

conventional physics that govern everyday life. [21] 

An international team of physicists at ETH Zurich, Aalto University, the Moscow Institute 

of Physics and Technology, and the Landau Institute for Theoretical Physics in Moscow 

has demonstrated that algorithms and hardware developed originally in the context of 

quantum computation can be harnessed for quantum-enhanced sensing of magnetic 

fields. [20] 

Scientists at Forschungszentrum Jülich have now discovered another class of particle-like 

magnetic object that could take the development of data storage devices a significant 

step forward. [19] 

A team of researchers with members from IBM Research-Zurich and RWTH Aachen 

University has announced the development of a new PCM (phase change memory) design 

that offers miniaturized memory cell volume down to three nanometers. [18] 

Monatomic glassy antimony might be used as a new type of single-element phase change 

memory. [17] 

Physicists have designed a 3-D quantum memory that addresses the tradeoff between 

achieving long storage times and fast readout times, while at the same time maintaining 

a compact form. [16] 

Quantum memories are devices that can store quantum information for a later time, 

which are usually implemented by storing and re-emitting photons with certain quantum 

states. [15] 

The researchers engineered diamond strings that can be tuned to quiet a qubit's 

environment and improve memory from tens to several hundred nanoseconds, enough 

time to do many operations on a quantum chip. [14] 



Intel has announced the design and fabrication of a 49-qubit superconducting quantum-

processor chip at the Consumer Electronics Show in Las Vegas.  

To improve our understanding of the so-called quantum properties of materials, 

scientists at the TU Delft investigated thin slices of SrIrO3, a material that belongs to the 

family of complex oxides. [12] 

New research carried out by CQT researchers suggest that standard protocols that 

measure the dimensions of quantum systems may return incorrect numbers. [11]  

Is entanglement really necessary for describing the physical world, or is it possible to 

have some post-quantum theory without entanglement? [10]  

A trio of scientists who defied Einstein by proving the nonlocal nature of quantum 

entanglement will be honoured with the John Stewart Bell Prize from the University of 

Toronto (U of T). [9]  

While physicists are continually looking for ways to unify the theory of relativity, which 

describes large-scale phenomena, with quantum theory, which describes small-scale 

phenomena, computer scientists are searching for technologies to build the quantum 

computer using Quantum Information.   

In August 2013, the achievement of "fully deterministic" quantum teleportation, using a 

hybrid technique, was reported. On 29 May 2014, scientists announced a reliable way of 

transferring data by quantum teleportation. Quantum teleportation of data had been 

done before but with highly unreliable methods.  

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 and making possible to build the Quantum Computer with 

the help of Quantum Information.  
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Preface  
While physicists are continually looking for ways to unify the theory of relativity, which describes 

large-scale phenomena, with quantum theory, which describes small-scale phenomena, computer 

scientists are searching for technologies to build the quantum computer.   

Australian engineers detect in real-time the quantum spin properties of a pair of atoms inside a 

silicon chip, and disclose new method to perform quantum logic operations between two atoms. 

[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.   

  

A counterintuitive case in which like charges attract   
When it comes to electric charge, there is one overriding theme: opposites attract, and like charges 

repel. But in a new study, physicists have made the surprising discovery that two spherical like-



charged metal nanoparticles with unequal charges can attract one another in a dilute electrolyte 

solution. The reason, in short, is that the more strongly charged nanoparticle polarizes the metal 

core of the weakly charged nanoparticle, which alters the interaction between the nanoparticles. 

The researchers, Alexandre P. dos Santos and Yan Levin at the Federal University of Rio Grande do 

Sul in Brazil, have published a paper on the like-charge attraction in a recent issue of Physical 

Review Letters. 

"Our paper elucidates a very counterintuitive behavior which was previously thought to be 

impossible," Levin told Phys.org. 

This is not the first time that researchers have observed attraction between like-charged particles. 

As far back as 1980, research has shown that like-charged particles can attract one another when 

placed in an electrolyte solutioncontaining multivalent counterions. A multivalent 

counterion is an ion that can lose or gain more than one electron to take on a charge such as ±2 or 

±3, and the sign of the charge is opposite that of another ion. For example, the aluminum ion Al3+ is 

a multivalent counterion for the chloride ion Cl-, together forming aluminum chloride, AlCl3. When 

multivalent counterions are part of an electrolyte solution, their charges can fluctuate in a 

correlated way, causing like-charged particles in the solution to attract one another. 

However, in the new demonstration, the electrolyte solution is 1:1, meaning it contains only 

monovalent counterions, i.e., ions that have only ±1 charge. As electrostatic correlations between 

ions in 1:1 solutions are negligible, it has generally been assumed that like-charged particles in 

these solutions always repel each other. In support of this assumption, in the new study the 

researchers demonstrated that like-charged metal slabs in a 1:1 electrolyte solution always repel 

each other. 

Until now, all of the previous studies in this area have only investigated situations in which the two 

like-charged particles have the same magnitude of charge. In the new study, the researchers looked 

at what happens when the two particles have unequal charges (though still of the same sign). 

They found that, when two particles with unequal charges in a 1:1 electrolyte solutionapproach 

each other, the nanoparticle with the stronger charge will polarize the metal core of the 

nanoparticle with the weaker charge, meaning a majority of the electrons in the core will bunch up 

on one side of the core. This causes that nanoparticle to have a slight positive charge on one side 

and a slight negative charge on the other side. The polarization-induced nonuniform charges on the 

nanoparticle's core can cause the two unequally charged nanoparticles to attract one another, 

even though the nanoparticles have the same overall charge sign. The observation that the 

attraction occurs only between spherical metal unequally charged nanoparticles, and not between 

metal slabs, indicates the importance of curvature and the presence of a central core for this 

counterintuitive result. 

Besides being an interesting theoretical discovery, the results could also be very useful when 

applied to gold nanoparticles, which are being developed for a variety of medical applications such 

as cancer treatment and drug delivery. Gold nanoparticles have a strong affinity for some biological 

surfaces, such as phospholipid membranes, which enclose cells. In the new study, the researchers 

demonstrated that negatively charged gold nanoparticles are generally repelled from the negatively 
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charged surfaces of phospholipid membranes. However, under certain conditions the force 

between the gold nanoparticles and the membranes becomes attractive. The researchers plan to 

further explore these effects and their implications in future research. 

"The mechanism that we described might also be important for understanding the stability of 

suspensions of biological particles," Levin said. "The usual method of stabilizing suspensions of 

nanoparticles is through like-charge repulsionτbasically synthesizing particles with surface charge 

so that they repel one another and do not stick together. Here we show, however, that if the 

suspension is sufficiently polydisperse in size and charge, like-charged nanoparticles can actually 

attract one another, sticking together and precipitating." 

One of the challenges the researchers confronted during their work was quantitatively modeling 

the new results, as conventional methods are highly computationally expensive. To address this 

problem, the researchers developed a modified numerical approximation method for calculating 

forces between nanoparticles that works orders of magnitude faster than conventional methods. 

The new method also offers advantages for studying the forces between metal 

nanoparticles and biological membranes, as well as for exploring more complicated solutions. 

The researchers plan to further investigate both areas in the future. 

"In our group, we have an extensive line of research on colloidal systems, which ranges from 

simulations to theory," Levin said. "So far we have examined theoretically the effects of 

polarization on metal particles in 1:1 electrolyte. Since the correlation effects in such solutions are 

not very strong, such systems are susceptible to our theoretical treatment. However, in more 

complicated solutions such as 3:1 electrolyte, the correlation effects between ions will be very 

important and our theoretical tools will not suffice. In this case we are developing simulation 

methods to study the interaction between metal nanoparticles." [23] 

 

 

A new path to understanding second sound in Bose -Einstein  

condensates  
There are two sound velocities in a Bose-Einstein condensate. In addition to the normal sound 

propagation there is second sound, which is a quantum phenomenon. Scientists in Ludwig Mathey's 

group from the University of Hamburg have put forth a new theory for this phenomenon. 

When you jump into a lake and hold your head under water, everything sounds different. Apart 

from the different physiological response of our ears in air and water, this derives from the 

different sound propagation in water compared to air. Sound travels faster in water, checking in at 

1493 m/s, on a comfortable summer day of 25°C. Other liquids have their own sound velocity, like 

alcohol with 1144 m/s, and helium, if you go to a chilling -269°C for its liquefied state, with 180 m/s. 

These liquids are referred to as classical liquids, examples for one of the primary states of matter. 

But if we cool down that helium a few degrees more, something dramatic happens, it turns into a 

quantum liquid. This macroscopic display of quantum mechanics is a superfluid, a liquid that 

flows without friction. 
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So what do you hear if you make the unfortunate decision to stick your head into this liquid? 

Surprisingly, you will hear the same sound twice. In addition to the normal sound of a liquid there is 

the phenomenon of second sound that derives from the quantum nature of this liquid. If 

someone says something to you while immersed in superfluid helium, you will hear it as first 

sound first, and then get a second chance to listen when it arrives as second sound, albeit 

strongly muted. For superfluid helium, second sound is quite a bit slower than first sound, 

with 25 m/s vs. 250 m/s, between 1 and 2 Kelvin. 

While the conventional theory of second sound has been successful for superfluid helium, the 

rise of Bose-Einstein condensates of ultracold atoms has posed new challenges. A team of scientists 

led by Ludwig Mathey from the University of Hamburg have put forth a new theory that captures 

second sound in these quantum liquids, recently published in Physical Review A. 

"For superfluid helium, second sound is slower than first sound," explains co-author 

Vijay Singh, "but we were amazed to find that this is not necessarily true, that the second pulse can 

be faster." A new theoretical approach was needed to capture this. Modern problems require 

modern solutions, as they say. 

"We generalized the Feynman path integral to expand the theory of superfluids," describes lead 

author Ilias Seifie the conceptual advance. While the path integral, brilliantly conceived by Richard 

Feynman, formulates quantum mechanics as a sum over trajectories, these trajectories themselves 

are classical. "We modified what these trajectories look like' continues Seifie, "in our path integral 

they contain information about quantum fluctuations." Imagine a pool noodle that stretches from A 

to B as a poor man's visualization of a trajectory that enters the Feynman path integral. The cross-

section of the noodle is more or less round with a constant diameter along its length. But in the 

new path integral, the shape of the cross section can vary, it can take elliptical shapes, imagine 

squeezing the pool noodle together. Fittingly, physicists refer to these quantum mechanical 

states as squeezed states. 

"This approach is widely applicable," explains Ludwig Mathey, "it can be applied to any method that 

is based on path integrals." Indeed, many phenomena at the interface of quantum and classical 

physics can be imagined to be better understood with this approach. One might just squeeze a bit 

more insight out of nature with this new framework. [22] 

 

 

Redefining the limits of measurement accuracy  
For centuries, humans have been expanding their understanding of the world through more and 

more precise measurement of light and matter. Today, quantum sensors achieve extremely 

accurate results. An example of this is the development of atomic clocks, which are expected to 

neither gain nor lose more than a second in thirty billion years. Gravitational waves were detected 

via quantum sensors as well, in this case by using optical interferometers. 
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Quantum sensors can reach sensitivities that are impossible according to the laws of conventional 

physics that govern everyday life. Those levels of sensitivity can only be reached if one enters the 

world of quantum mechanics with its fascinating propertiesτsuch as the phenomenon of 

superposition, where objects can be in two places at once and where an atom can have two 

different energy levels at the same time. 

Both generating and controlling such non-classical states is extremely complex. Due to the high 

level of sensitivity required, these measurements are prone to external interference. Furthermore, 

non-classical states must be adapted to a specific measurement parameter. "Unfortunately, this 

often results in increased inaccuracy regarding other relevant measurement parameters", says 

Fabian Wolf, describing the challenge. This concept is closely linked to Heisenberg's uncertainty 

principle. Wolf is part of a team of researchers from Leibniz University Hannover, Physikalisch-

Technische Bundesanstalt in Braunschweig, and the National Institute of Optics in Florence. The 

team introduced a method based on a non-classical state adapted to two measurement parameters 

at once. 

The experiment can be visualised as the quantum mechanical version of a simple pendulum. In this 

case, the adapted measurement parameters are the pendulum's maximum displacement 

(amplitude) and the number of oscillations per second (frequency). The pendulum comprises a 

single magnesium ion embedded into an "ion trap." Via laser light interactions, researchers were 

able to cool the magnesium ion to the ground state of a quantum mechanical system, the coldest 

achievable state. From there, they generated a "Fock state" of the motion and oscillated the single 

atom pendulum using an external force. This allowed them to measure amplitude and frequency 

with a sensitivity unmatched by a conventional pendulum. In contrast to previous experiments, this 

was the case for both measurement parameters without having to adjust the non-classical state. 

Using this new approach, the team reduced the measurement time by half while the resolution 

remained constant or doubled the resolution with a constant measurement time. High resolution is 

particularly important for spectroscopy techniques based on changing the state of motion. In this 

particular case, researchers intend to analyse individual molecular ions via laser irradiation in order 

to stimulate molecular movement. The new procedure will enable them to analyse the state of the 

molecule before it is disrupted by too intense laser irradiation. "For example, precision 

measurements of molecules could reveal interactions between conventional and dark matter, 

which would be a great contribution to solving one of the biggest mysteries in contemporary 

physics", says Fabian Wolf. The measurement concept, which researchers demonstrated for the 

first time, could also improve the resolution in optical interferometers such as gravitational 

wave detectorsτtherefore providing more in-depth insights into the dawn of the universe. 

[21] 

 

 

A refined magnetic sense  
An international team of physicists at ETH Zurich, Aalto University, the Moscow Institute of Physics 

and Technology, and the Landau Institute for Theoretical Physics in Moscow has demonstrated that 
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algorithms and hardware developed originally in the context of quantum computation can be 

harnessed for quantum-enhanced sensing of magnetic fields. 

The field of quantum science and technology experiences an ever-intensifying flurry of activity. The 

headlines are currently dominated by reports on progress towards building quantum computers 

that outperform their classical counterparts at specific computational tasks. A key challenge in that 

quest is to increase the quality and number of basic building blocksτ known as quantum bits, or 

qubitsτ that can be connected to perform collectively quantum computations. The benchmark 

where a 'quantum advantage' is expected to emerge is at 50 or so qubits, and that goal is coming 

into sight. Pursuing a different route, a team including ETH physicists Andrey Lebedev and Gianni 

Blatter, together with colleagues in Finland and Russia, highlight another branch of technology 

where quantum devices promise unique benefits, and that with considerably more modest 

hardware resources. Writing in the journal npj Quantum Information, the team presents 

experiments in which they used a single qubit to measure magnetic fields with high sensitivity, 

employing 'quantum trickery' to push the limits. 

In their work, the team used a qubit based on a superconducting circuit. The so-called transmon 

qubit is currently one of the leading candidates for a building block of large-scale quantum 

computers, as it offers flexibility for engineering the circuits in ways that suit the problem at hand. 

Researchers at Aalto University (Finland) have now built a transmon qubit in a configuration that 

makes it particularly suitable for sensing magnetic fields. In essence, they constructed an artificial 

atom with an intrinsic magnetic moment that is around 100,000 times larger than that of natural 

atoms or ions. The coupling of that large moment to an external magnetic field then makes it 

possible to measure the strength of the field accurately. 

In addition to providing a strong coupling to a magnetic field, the transmon qubit has a defining 

property of a quantum system on offer: coherent superpositions of quantum states. In a qubit-

based magnetometer, the coherence between two states oscillates at a frequency proportional to 

the magnetic field penetrating the device. And the higher the accuracy with which the frequencyτ 

or the rate at which the phase of the wavefunction changesτ can be measured, the higher the 

sensitivity of the sensor. 

To maximize the measurement accuracy, the team, guided by theoretical work performed by 

Lebedev and Blatter at ETH Zurich and co-workers at the Moscow Institute of Physics and 

Technology (MITP) and the Landau Institute for Theoretical Physics in Moscow, implemented two 

dedicated phase-estimation schemes that explicitly exploit the coherent nature of the qubit 

dynamics. Their strategy is to perform the measurements in an adaptive manner, changing the 

sampling parameters depending on the outcome of antecedent measurements. Such "Bayesian 

inference' enabled the team to reach in their experiments a sensitivity that is some six times higher 

than what can be achieved with classical phase estimation. And whereas there is still plenty of 

room for refinement, that 'quantum boost' was already sufficient to beat the shot noise, which 

limits the precision of any standard, classical measurement. 

The phase-estimation algorithms used in the transmon experiments are suitably adapted versions 

of schemes that have been developed for use in quantum computations. Similarly, the design of the 

hardware used in these experiments draws on experience in building qubits for quantum 

computers. This combination of harnessing quantum hardware and quantum algorithms in the 
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context of quantum sensing provides an appealing route towards novel devices that, ultimately, 

promise to push the sensitivity of single- or few-qubit magnetometers towards and beyond the 

limits of current magnetic-field sensors. [20] 

 

 

 

 

Researchers observe unique chiral magnetic phenomenon  
Tiny magnetic vortex structures, so-called skyrmions, have been researched intensively for some 

time for future energy-efficient space-saving data storage devices. Scientists at Forschungszentrum 

Jülich have now discovered another class of particle-like magnetic object that could take the 

development of data storage devices a significant step forward. The newly discovered magnetic 

particles make it possible to encode digital data directly with two different types of magnetic 

objects, namely with skyrmions and magnetic bobbersτif skyrmions are used to encode the 

number one, then the new structures could be used to encode the number zero. 

These objects, which are referred to as "chiral magnetic bobbers," are three-dimensional magnetic 

structures that appear near the surfaces of certain alloys. 

"For a long time, the unique object for research in the field of chiral magnets was the magnetic 

skyrmion. We now provide a new object for investigation by researchersτa chiral bobberτwhich 

is characterized by a number of unique properties," says Dr. Nikolai Kiselev from Jülich's Peter 

Grünberg Institute (PGI-1). Three years ago, together with the institute's Director Prof. Stefan 

Blügel and other collaborators, they predicted the existence of this new class of magnetic 

structures theoretically. Now, researchers from the Ernst Ruska-Centre for Microscopy and 

Spectroscopy with Electrons (Director Prof. Rafal E. Dunin-Borkowski and his colleagues) have 

demonstrated the existence of chiral bobbers in a real material experimentally. 

The stability of magnetic structures such as skyrmions is related to a property of the material 

known as chirality. Just as a right hand cannot be converted into a left hand for reasons of 

symmetry, right-handed and left-handed magnetic structures cannot be converted into one 

another. Furthermore, both skyrmions and the newly-discovered chiral bobbers are very small, with 

diameters of typically only a few tens of nanometers. Therefore, they can in principle be used to 

pack data very densely on a memory chip. However, their small size makes their observation highly 

challenging. "The visualization of magnetic texture on such a small scale requires special state-of-

the-art techniques that are accessible in only a few laboratories worldwide," explains Rafal Dunin-

Borkowski. 
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The concept of racetrack memory: magnetic objects move from writing to reading elements. Credit: 

Forschungszentrum Jülich 

There is another important reason why magnetic solitons (another name for particle-like objects in 

nonlinear physics) such as skyrmions and chiral bobbers are so promising for applications. In 

contrast to data bits in hard disk drives, skyrmions are movable objects. Their motion along a 

guiding track in a chip can be induced by a very weak pulse of electrical current. This property 

provides new opportunities for the development of a completely new concept of magnetic solid-

state memoryτthe so-called skyrmion racetrack memory. "The mobility of skyrmions allows data 

to move from write to read elements without the need for any movable mechanical parts such as 

read and write heads and spining hard disk itself," explains Nikolai Kiselev. This capability saves 

energy because components that move generally require more energy, occupy more space and 

tend to be sensitive to mechanical vibrations and shocks. A new solid state magnetic memory 

would be free of such disadvantages. 

"Until now, it was assumed that digital data should somehow be represented as a sequence of 

skyrmions and empty spaces," says Stefan Blügel. The distance between successive skyrmions then 

encodes binary information. However, it must then be controlled or quantized, so that no 

information is lost through spontaneous drift of the skyrmions. Instead, the newly discovered 

three-dimensional magnetic particles offer opportunities to encode digital data directly as a 
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sequence of skyrmions and magnetic bobbers, which can each flow freely without needing to 

maintain precise distances between successive data bit carriers. 

Further research is required to develop practical applications. In the iron-germanium alloy studied 

by Nikolai Kiselev and his colleagues, the structures are only stable up to 200 Kelvin, which 

corresponds to -73.5 degrees Celsius. However, based on theoretical considerations, it is predicted 

that magnetic bobbers may also occur in other chiral magnets and, like some recently discovered 

species of skyrmions, may also exist at room temperature. [19] 

 

 

 

New design of PCM offers miniaturized memory cell volume down to 

3nm  
A team of researchers with members from IBM Research-Zurich and RWTH Aachen University has 

announced the development of a new PCM (phase change memory) design that offers miniaturized 

memory cell volume down to three nanometers. In their paper published in the journal Nature 

Materials, the group describes their new monatomic PCM and its advantages. Wei Zhang and Evan 

Ma with Xi'an Jiaotong University and Johns Hopkins University respectively offer a News & 

Views piece on the work done by the team in the same journal issue. 

The need to store more data has become a pressing issue, Zhang and Ma noteτglobal need 

doubles every year and is expected to grow to 44 zettabytes by 2020 and to 160 zettabytes by 

2025. The problem is that current technology will not be able to handle that kind of growth 

because memory cells need to be smaller than are possible nowτotherwise, storage will become 

unwieldy and much more expensive. For that reason, computer scientists have continued to look 

for new types of technology that store more in less space. One such technology involves using 

PCMs. 

PCMs are a type of non-volatile RAM which exploit the unique properties of chalcogenide glass. 

They tend to be created using a mix of alloys doped to produce desired effects. They can be used to 

hold digital data by exploiting the resistance between an ordered crystalline phase and a 

disordered amorphous phase, allowing for recording, holding and erasing data without the need for 

electricity. But until this new effort, it has been problematic scaling them down without causing 

deterioration in useful properties. 

To overcome issues of deterioration, the researchers found a single element, antimony, that could 

be used rather than a host of alloys. Doing so removed the need for partitioning, which typically 

leads to degradation of performance over millions of cycles, as cells are made smaller. Using the 

single element, the team found they were able to use films just three to 10 nanometers thick. They 

also overcame cooling issues, reaching a rate of nearly 1010 Kelvin per second. 

The researchers acknowledge that some issues have yet to be resolved, such as the short lifetime of 

the amorphous state, but suggest what they have found so far looks very promising. [18] 
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Glassy antimony makes monatomic phase change memory  
Monatomic glassy antimony might be used as a new type of single-element phase change memory. 

This is the new finding from researchers at IBM Research-Zurich and RWTH Aachen University who 

say that their approach avoids the problem of local compositional variations in conventional multi-

element PCMs. This problem becomes ever more important as devices get smaller. 

New-generation  non-volatile  memory  
The worldwide volume of digital information is doubling every two years and could reach 160 

zettabytes (109terabytes) by 2025 according to the latest whitepaper from the 

International Data Corporation (IDC). Phase change memories are one of the new 

types of non-volatile memory being studied to meet this demand. These memories are based on a 
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conductivity and a meta-stable amorphous state with low electrical conductivity. They are switched 

using electrical pulses that heat up the material and drive the transitions. The energy of the 

electrical pulses is lower when there is less material to heat up. 

Conventional PCMs are usually made from a complex mix of alloys doped with additional chemical 

elements to tune their physical properties. While such materials can be used to make chips with 

good data storage densities, these could be increased further by scaling down the cell size of 

memory units. There is a problem in that the smaller the device, the more sensitive it becomes to 

ƭƻŎŀƭ ŎƻƳǇƻǎƛǘƛƻƴŀƭ ǾŀǊƛŀǘƛƻƴǎ ƛƴ ǘƘŜ ŀƭƭƻȅΣ ǿƘƛŎƘ ŘŜǘŜǊƛƻǊŀǘŜǎ ǘƘŜ ŎŜƭƭΩǎ ǇǊƻǇŜǊǘƛŜǎΦ 

άhǳǊ ǿƻǊƪ ǎƘƻǿǎ ǘƘŀǘ ǿŜ Ŏŀƴ ǎƻƭǾŜ ǘƘƛǎ ǇǊƻōƭŜƳ ōȅ ƳŀƪƛƴƎ ǘƘŜ t/a Ŧrom just one simple element 

ƛƴǎǘŜŀŘ ƻŦ ǘƘŜǎŜ ŎƻƳǇƭŜȄ ŘƻǇŜŘ ŀƭƭƻȅǎΣέ ŜȄǇƭŀƛƴǎ Martin Salinga, lead author of this study. 

ά!ƴǘƛƳƻƴȅ ό{ōύ ƛǎ ǎŜƳƛ-metallic in its crystalline phase and semiconducting as an amorphous thin 

film and shows a large contrast in resistivity between these two states. It can also crystallize very 

easily and quickly. This makes it a good choice for a PCM in a highly-confined structure, which 

ǳǎǳŀƭƭȅ ǎƭƻǿǎ Řƻǿƴ ǘƘŜ ŎǊȅǎǘŀƭƭƛƴŜ ƪƛƴŜǘƛŎǎΦέ 

Rapid melt -quenching in a nanoconfined volume  

The researchers, reporting their work in Nature Materials 10.1038/s41563-018-

0110-9, made pure Sb films that are between 3 and 10 nm thick and confined inside thermally 

and electrically insulating SiO2layers that are 40-200-nm thick. They were able to electrically switch 

between the amorphous and crystalline states in these films in just 50 ns. 

Until now, it had been difficult to make amorphous Sb because the element rapidly crystallizes at 

room temperature. Salinga and colleagues have now managed to do this by rapidly cooling (or 

quenching) the material from the melt at a rate as high as 1010 kelvin per second in a nanoconfined 

volume. The result: amorphous Sb that is stable for nearly 51 hours at 20°C. 

https://www.seagate.com/fr/fr/our-story/data-age-2025/
https://www.seagate.com/fr/fr/our-story/data-age-2025/
http://www.institut-1a.physik.rwth-aachen.de/cms/INSTITUT-1A/Forschung/Dynamik-amorpher-Halbleiter/~iedg/Martin-Salinga/?lidx=1&allou=1
https://www.nature.com/articles/s41563-018-0110-9
https://www.nature.com/articles/s41563-018-0110-9


Immediate appli cations  
ά¢ƘŜ ŦƛǊǎǘ ŀǇǇƭƛŎŀǘƛƻƴǎ ǘƘŀǘ ŎƻǳƭŘ ōŜƴŜŦƛǘ ŦǊƻƳ ŀ ΨƳƻƴŀǘƻƳƛŎ t/aΩ ƳƛƎƘǘ ōŜ ƛƴ ǘƘŜ ŀǊŜŀ ƻŦ Ψƛƴ-

ƳŜƳƻǊȅΩ ŎƻƳǇǳǘƛƴƎΣ ΨƳŜƳƻǊȅ-ǘȅǇŜ ǎǘƻǊŀƎŜ Ŏƭŀǎǎ ƳŜƳƻǊȅΩ ƻǊ ΨōǊŀƛƴ-ƛƴǎǇƛǊŜŘ ŎƻƳǇǳǘƛƴƎΩέΣ L.a 

scientist and study co-author, Abu Sebastian tells Physics WorldΦ ά¢ƘŜǎŜ ŘŜǾƛŎŜǎ ŎƻǳƭŘ 
be operated with 10-ns-long electrical pulses. We will likely be able to scale these devices down to 

ultra-small dimensions that will consume very little energy. Their monoatomic nature might also 

ƳŀƪŜ ǘƘŜƳ ƳƻǊŜ Ǌƻōǳǎǘ ǘƻ ǊŜǇŜŀǘŜŘ ǎǿƛǘŎƘƛƴƎ ŎȅŎƭŜǎΦέ 

It is not all plain sailing though: the amorphous state of Sb only lasts for around 100 seconds at 60-

70°C, which is the typical operating temperature inside electronic devices, so the researchers say 

ǘƘŀǘ ǘƘƛǎ ǿƛƭƭ ƘŀǾŜ ǘƻ ōŜ ƛƳǇǊƻǾŜŘΦ ά¢Ƙƛǎ Ƴŀȅ ōŜ ŀŎƘƛŜǾŜŘΣ ŦƻǊ ƛƴǎǘŀƴŎŜΣ ōȅ ŦǳǊǘƘŜǊ ǊŜŘǳŎƛƴƎ ǘƘŜ {ō 

film thickness, confining Sb in all three dimensions, and designing better confinement materiaƭǎΣέ 

comment Wei Zhang and Evan Ma at Xian Jiaotong University in China and Johns Hopkins University 

in the US in a related Nature news & views ŀǊǘƛŎƭŜΦ ά¢ƘŜ ǾƻƭǘŀƎŜ ǇǳƭǎŜ όŎǳǊǊŜntly 50 ns) 

required for amorphization (also) needs to be shortened to become competitive with DRAMs and 

SRAMs. 

ά²Ƙŀǘ Ƙŀǎ ōŜŜƴ ŀŎƘƛŜǾŜŘ ōȅ {ŀƭƛƴƎŀ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎ ƛǎ ƴŜǾŜǊǘƘŜƭŜǎǎ ǳƴǇǊŜŎŜŘŜƴǘŜŘ ŀƴŘ ŜȅŜ-

opening, in terms of the perspective that monatomic PCMs are indeed feasible, and that an 

elemental glass, usually considered impractical due to its poor glass-forming ability, may be 

ǊŜƴŘŜǊŜŘ ǳǎŜŦǳƭ ƛƴ ƳŜƳƻǊȅ ŘŜǾƛŎŜǎΣέ ǘƘŜȅ ŀŘŘΦ [17] 

 

 

Compact 3-D quantum memory addresses long -standing tradeoff  
Physicists have designed a 3-D quantum memory that addresses the tradeoff between achieving 

long storage times and fast readout times, while at the same time maintaining a compact form. The 

new memory has potential applications in quantum computing, quantum communication, and 

other technologies. 

The physicists, Edwar Xie and coauthors at the Walther-Meissner-Institut, Technical University of 

Munich, and Nanosystems Initiative Munich (NIM), Germany, have published a paper on the new 3-

D quantum memory in a recent issue of Applied Physics Letters. 

"Since quantum information is very fragile, it needs to be processed fast or preserved in a 

suitable storage. These two requirements are typically conflicting," Xie told Phys.org. "The greatest 

significance of our work is that it shows how to build a device with fast access to stored quantum 

information, enabling fast processing, combined with a long storage time." 

One of the greatest challenges facing any kind of quantum technology is enhancing 

the qubit lifetime, and when it comes to quantum memories, 3-D devices offer the longest 

coherence times, up to a few milliseconds. In these memories, qubits are stored in 3-D microwave 

waveguide cavities, whose slow decay times enable long qubit storage times. However, a tradeoff 

occurs in these devices, since fast readout times require the cavity decay to be fast. 

https://researcher.watson.ibm.com/researcher/view.php?person=zurich-ASE
https://www.nature.com/articles/s41563-018-0114-5
https://phys.org/tags/quantum/
https://phys.org/tags/storage/
https://phys.org/tags/qubit/
https://phys.org/tags/cavity/


Previously, researchers have addressed this tradeoff in various ways, such as by physically 

separating the storage and readout units. However, with separate units the devices become 

relatively large and bulky compared to 2-D memories, causing problems for scalability. 

In order to simultaneously achieve long storage times, fast readout times, and a small footprint, in 

the new study the researchers made use of the multimode structure of 3-D cavities. In this 

approach, the researchers used antennas to couple a qubit to two distinct modes of a single 3-D 

microwave cavity, which is much more compact than using two entirely separate units. They 

engineered the cavity so that the memory mode has a quality factor that is 100 times larger than 

that of the readout mode, which leads to slow decay for the memory mode and fast decay for the 

readout mode. 

As a result of this coupling, the researchers demonstrated that the qubit state can be read out on a 

timescale that is 100 times shorter than the storage time. Further, simulations showed that more 

accurate antenna positioning could extend the ratio between readout and storage time to 25,000. 

This value would significantly outperform the current highest reported ratio of 7300 for quantum 

memories with cylindrical 3-D cavities. 

In the future, the researchers plan to make further improvements to the memory, such as scaling 

up by adding more qubits, coupling the qubit to higher cavity modes, and enabling the memory to 

store cat states (a superposition of two macroscopic states), which has potential applications in 

continuous variable quantum computing. 

"One potential application of this compact 3-D quantum memory lies in the field of analog quantum 

simulation, where an engineered quantum circuit, such as a qubit, mimics an atom," Xie said. "Due 

to its compact size and relaxed requirements of cabling, our 3-D quantum memory platform is 

specifically suitable for building chains of artificial atoms for the simulation of molecules. Here, one 

cell of the chain consists of a single 3-D cavity with one qubit, a storage mode for intermediate 

information storage and a readout mode for fast information retrieval. The coupling to the 

neighboring cell can be achieved with another qubit." [16] 

 

 

 

How can you tell if a quantum memory is really quantum?  
Quantum memories are devices that can store quantum information for a later time, which are 

usually implemented by storing and re-emitting photons with certain quantum states. But often it's 

difficult to tell whether a memory is storing quantum or merely classical information. In a new 

paper, physicists have developed a new test to verify the quantum nature of quantum memories. 

The researchers, Denis Rosset, Francesco Buscemi, and Yeong-Cherng Liang, have published a paper 

on the quantum memory test in a recent issue of Physical Review X. 

"Quantum memories are indispensable components of long-distance quantum communication 

networks and potentially even in a full-scale quantum computer," Liang, a physicist at National 

Cheng Kung University in Taiwan, told Phys.org. "For these components to serve their purpose, it's 

essential that they can preserve, at least, the quantum entanglement between certain inputs to the 

https://phys.org/tags/memory/
https://phys.org/tags/memory/


memory and whatever other parts that did not enter the memory. Our work strikes the right 

balance in certifying any device that possesses this ability while making the minimal assumptions." 

As the scientists explain, the quantum entanglement between the system stored in the memory 

and any remote systems not in the memory must be maintained for the entire storage time. If this 

entanglement is broken at any time, then the device no longer functions as a quantum memory but 

rather as an "entanglement-breaking channel" and as a result can transmit only classical 

information. 

Although currently there are tests that can verify the quantum nature of a quantum memory, these 

tests have certain limitations. For one, they require the experimenter to trust that the 

measurement and state preparation devices used by the quantum memory are accurate. For this 

reason, these tests are called device-dependent protocols. However, a test that makes no 

assumptions cannot be "faithful," meaning it may overlook some genuine quantum memories. This 

is because these methods test for the violation of a Bell inequality as verification of entanglement, 

which is sufficient but not necessary, as some genuinely quantum channels do not violate Bell 

inequalities and so would not pass this test. 

Although it would be ideal to design a test that is completely device-independent, the researchers 

explain that it is not possible to test a single memory in this manner, even in principle, due to the 

need to test the quantum memory at two different times. However, their new test is 

measurement-device-independent, meaning it still requires the state preparation device to be 

trusted, but no assumptions need to be made regarding the measurement device. The new test is 

also faithful, meaning it can correctly identify all quantum memories that function as non-

entanglement-breaking quantum channels. 

The new test uses a semiquantum framework that is very similar to that used in some tests of 

entanglement in quantum states, in which the entanglement refers to correlations in space, in 

contrast to the time-like entanglement in quantum memories. Conventional protocols for testing 

for space-like correlations often use two characters, Alice as the sender and Bob as the receiver of 

quantum states. But since quantum memories involve time-like correlations, the protocol needs 

only a single character, whom the researchers call Abby, to act as both the sender and receiver at 

different times. In the test proposed in the new study, by comparing the relative frequencies of the 

signals that Abby sends and receives, it is possible to estimate the time-like entanglement and 

therefore certify that a quantum memory can store quantum information. 

The researchers showed that the new test is robust against noise and losses, and they expect that it 

should be possible to experimentally perform the test with current technology. The test would then 

provide a very useful tool for the future development of quantum memories. 

"In the development of novel quantum technologies, it's crucial that there exists a reliable way to 

benchmark the relevant components and make sure that they function as expected," Liang said. 

"Our findings provide a way to certify one of the most important features of these components 

while making sure that we are not making more assumptions than necessary. With these tests, we 

hope that it simplifies the quality control procedures of quantum devices while not falling into the 

trap of making unjustifiable assumptions." [15] 

https://phys.org/tags/quantum+entanglement/
https://phys.org/tags/new+test/
https://phys.org/tags/entanglement/
https://phys.org/tags/quantum+memory/
https://phys.org/tags/quantum/


 

 

 

Tunable dia mond string may hold key to quantum memory   
A quantum internet promises completely secure communication. But using quantum bits or qubits 

to carry information requires a radically new piece of hardwareτa quantum memory. This atomic-

scale device needs to store quantum information and convert it into light to transmit across the 

network. 

A major challenge to this vision is that qubits are extremely sensitive to their environment, even the 

vibrations of nearby atoms can disrupt their ability to remember information. So far, researchers 

have relied on extremely low temperatures to quiet vibrations but, achieving those temperatures 

for large-scale quantum networks is prohibitively expensive. 

Now, researchers at the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) 

and the University of Cambridge have developed a quantum memory solution that is as simple as 

tuning a guitar. 

The researchers engineered diamond strings that can be tuned to quiet a qubit's environment and 

improve memory from tens to several hundred nanoseconds, enough time to do many operations 

on a quantum chip. 

"Impurities in diamond have emerged as promising nodes for quantum networks," said Marko 

Loncar, the Tiantsai Lin Professor of Electrical Engineering at SEAS and senior author of the 

research. "However, they are not perfect. Some kinds of impurities are really good at retaining 

information but have a hard time communicating, while others are really good communicators but 

suffer from memory loss. In this work, we took the latter kind and improved the memory by ten 

times." 

The research is published in Nature Communications. 

Impurities in diamond, known as silicon-vacancy color centers, are powerful qubits. An electron 

trapped in the center acts as a memory bit and can emit single photons of red light, which would in 

turn act as long-distance information carriers of a quantum internet. But with the nearby atoms in 

the diamond crystal vibrating randomly, the electron in the center quickly forgets any quantum 

information it is asked to remember. 

"Being an electron in a color center is like trying to study at a loud marketplace," said Srujan 

Meesala, a graduate student at SEAS and co-first author of the paper. "There is all this noise around 

you. If you want to remember anything, you need to either ask the crowds to stay quiet or find a 

way to focus over the noise. We did the latter." 

To improve memory in a noisy environment, the researchers carved the diamond crystal housing 

the color center into a thin string, about one micron wideτa hundred times thinner than a strand 

of hairτand attached electrodes to either side. By applying a voltage, the diamond string stretches 

and increases the frequency of vibrations the electron is sensitive to, just like tightening a guitar 

string increases the frequency or pitch of the string. 

https://phys.org/tags/nearby+atoms/
https://phys.org/tags/extremely+low+temperatures/
https://phys.org/tags/quantum/
https://phys.org/tags/quantum+internet/
https://phys.org/tags/quantum+information/
https://phys.org/tags/quantum+information/
https://phys.org/tags/string/


"By creating tension in the string, we increase the energy scale of vibrations that the electron is 

sensitive to, meaning it can now only feel very high energy vibrations," said Meesala. "This process 

effectively turns the surrounding vibrations in the crystal to an irrelevant background hum, allowing 

the electron inside the vacancy to comfortably hold information for hundreds of nanoseconds, 

which can be a really long time on the quantum scale. A symphony of these tunable diamond 

strings could serve as the backbone of a future quantum internet." 

Next, the researchers hope to extend the memory of the qubits to the millisecond, which would 

enable hundreds of thousands of operations and long-distance quantum communication. [14] 

 

 

 

Intel unveils 49 -qubit superconducting chip  

Intel has announced the design and fabrication of a 49-qubit superconducting quantum-processor 

chip at the Consumer Electronics Show in Las Vegas. Speaking at the conference, Intel chief 

executive Brian Krzanich ƛƴǘǊƻŘǳŎŜŘ ά¢ŀƴƎƭŜ [ŀƪŜέΤ ŀ ǉǳŀƴǘǳƳ-processor chip that operates 

at extremely low temperatures. The device takes its name from the Tangle Lakes, a frigid chain of 

lakes in Alaska, and is a nod to quantum entanglement. 

Tangle Lake is designed to store and process quantum information in qubits that are 

superconducting circuits. Krzanich said that the chip is an important step towards developing 

quantum computers that could quiŎƪƭȅ ǎƻƭǾŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ǇǊƻōƭŜƳǎ ƛƴǾƻƭǾŜŘ ƛƴ ǎƻƳŜ ƻŦ ǎƻŎƛŜǘȅΩǎ 

most pressing issues ς from drug development to climate forecasting. 

Large-scale integration  
IŜ ŀƭǎƻ ŀƴƴƻǳƴŎŜŘ ǇǊƻƎǊŜǎǎ ƛƴ LƴǘŜƭΩǎ ǊŜǎŜŀǊŎƘ ƻƴ ǎǇƛƴ ǉǳōƛǘǎΣ ǿƘƛŎƘ ƘŀǾŜ ǉǳōƛǘǎ ōŀǎŜŘ ƻƴ ǘƘŜ spin 

states of single electrons. While superconducting chips tend to be relatively large, the spin-qubits 

could be miniaturized using well-established silicon-chip fabrication processes. This means that it 

may be possible to manufacture quantum processors containing large numbers of spin qubits. This 

large-scale integration would be could be more difficult for superconducting qubits. 

IƻǿŜǾŜǊΣ ǘƘŜǊŜ ƛǎ ǎƻƳŜ ǎŎŜǇǘƛŎƛǎƳ ƛƴ ǘƘŜ ǇƘȅǎƛŎǎ ŎƻƳƳǳƴƛǘȅ ǊŜƎŀǊŘƛƴƎ LƴǘŜƭΩǎ ǎƛƭŜƴŎŜ ŀōƻǳǘ ǘƘŜ 

performance and quality specifications of Tangle Lake and their spin qubit chips. Intel is also facing 

fierce competition. IBM has itself announced quantum computers with 20 and 50 

superconducting qubits in recent months, and companies including Google and Rigetti are 

also securing footholds in the nascent market. 

Commercial quest  
άLƴ ǘƘŜ ǉǳŜǎǘ ǘƻ ŘŜƭƛǾŜǊ ŀ ŎƻƳƳŜǊŎƛŀƭƭȅ ǾƛŀōƭŜ ǉǳŀƴǘǳƳ ŎƻƳǇǳǘƛƴƎ ǎȅǎǘŜƳΣ ƛǘΩǎ ŀƴȅƻƴŜΩǎ ƎŀƳŜΣέ 

ŎƻƴŦŜǎǎŜǎ aƛƪŜ aŀȅōŜǊǊȅΣ ƳŀƴŀƎƛƴƎ ŘƛǊŜŎǘƻǊ ŀǘ LƴǘŜƭ [ŀōǎΦ ά²Ŝ ŜȄǇŜŎǘ ƛǘ ǿƛƭƭ ōŜ ŦƛǾŜ ǘƻ ǎŜǾŜƴ ȅŜŀǊǎ 

before the industry gets to tackling engineering-scale problems, and it will likely require one million 

ƻǊ ƳƻǊŜ ǉǳōƛǘǎ ǘƻ ŀŎƘƛŜǾŜ ŎƻƳƳŜǊŎƛŀƭ ǊŜƭŜǾŀƴŎŜΦέ ώ13] 
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Scientists explore quantum properties in the two -dimensional limit  
As electronic components become smaller, understanding how materials behave at the nanoscale is 

crucial for the development of next-generation electronics. Unfortunately, it is very difficult to 

predict what happens when materials are only a few atomic layers thick. To improve our 

understanding of the so-called quantum properties of materials, scientists at the TU Delft 

investigated thin slices of SrIrO3, a material that belongs to the family of complex oxides. Their 

findings have recently been published Physical Review Letters. 

The researchers synthesized the material using pulsed laser deposition (PLD), a method for 

depositing single crystal films with atomic layer precision. "We studied crystals with thicknesses 

down to 2 atomic layers (0.8 nanometres)," said lead author Dirk Groenendijk, who is a Ph.D. 

candidate at TU Delft. 

Electrons can normally move freely in the material, and SrIrO3 shows metallic behaviour. However, 

the scientists found that at a thickness of 4 layers, there appears to be a turning point. Below this 

thickness, the electrons become localized and the material transitions to an insulating state. At the 

same time, the material orders magnetically and the effects of spin-orbit coupling are strongly 

enhanced. This last property is of interest for the development of new magnetic memory 

devices, because the spin of the electron can be used to store and transfer information. 

The next generation of electronic devices will require further miniaturization of their components, 

and it will not be long before chip manufacturers go below 10 nanometres. "At this scale, you can 

count the number of atoms, and you enter the realm of quantum mechanics," says Groenendijk. 

For future devices, researchers are also looking for new materials with currently inaccessible 

functionalities. In this respect, complex oxides are promising candidates that display a wide 

variety of exotic phenomena. The research of Groenendijk and colleagues constitutes an important 

step towards the understanding of their quantum properties in the two-dimensional limit. [12] 

 

 

Do Physicists Need to Change the Way They Measure Quantum States?  
New research carried out by CQT researchers suggest that standard protocols that measure the 

dimensions of quantum systems may return incorrect numbers.  For that reason, Cai Yu, Cong Wan 

ŀƴŘ ±ŀƭŜǊƛƻ {ŎŀǊŀƴƛ ŀƴŘ WŜŀƴ .ŀƴŎŀƭ ǿŀƴǘ ǘƻ ŎǊŜŀǘŜ ŀ ƴŜǿ ŎƻƴŎŜǇǘ ƻŦ ΨƛǊǊŜŘǳŎƛōƭŜ ŘƛƳŜƴǎƛƻƴǎΦΩ 

However, in doing so, physicists will need to re-ŜǾŀƭǳŀǘŜ Ƙƻǿ ǘƘŜȅΩƭƭ ƳŜŀǎǳǊŜ ǘƘŜ ŘƛƳŜƴǎƛƻƴǎ ƻŦ 

quantum states moving forward.  

The CQT researchers concentrate on Hilbert Space when conducting their research, which is a 

ǊŜŀƭƳ ƻŦ ǇƻǘŜƴǘƛŀƭƭȅ ƛƴŦƛƴƛǘŜ ŘƛƳŜƴǎƛƻƴǎ ǘƘŀǘ ŀǊŜ ƛƴƘŀōƛǘŜŘ ōȅ ǉǳŀƴǘǳƳ ǎȅǎǘŜƳǎΦ ά¢ƘŜ Ǝƻŀƭ ƻŦ ƻǳǊ 

paper is to show there is a conceptual problem in how dimension witnesses aǊŜ ŘŜŦƛƴŜŘΣέ ŎƻƴŦƛǊƳǎ 

Valerio Scarani, CQT Principal Investigator.  

For proper implementation of quantum communication and protocols, accurate measuring is 

ƴŜŜŘŜŘΣ ŀƴŘ ǘƘŀǘΩǎ ǿƘŜǊŜ ǘƘŜ IƛƭōŜǊǘ {ǇŀŎŜ ŘƛƳŜƴǎƛƻƴ ŎƻƳŜǎ ƛƴΦ ¢Ƙƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ǉǳŀƴǘǳƳ ǎȅǎǘŜƳ 

will let you know exactly how much information can be stored in the system.  

https://phys.org/tags/atomic+layers/
https://phys.org/tags/magnetic+memory+devices/
https://phys.org/tags/magnetic+memory+devices/
https://phys.org/tags/complex+oxides/


In completing their research, the team discovered that the measurement protocols designed to 

calculate the dimension of a state (the dimension witness) were unable to distinguish between a 

high-dimension state and a low one. One of the first to raise doubts about the way in which 

dimension witnesses worked was Post doctorate Jean-Daniel.  

Valerio told everyone to stop and reset, and the team proceeded to rewrite their conclusions. 

While some of the team were doing this, Wan and Cai began working on a new theory involving 

dimension witnesses, leading to the publishing of their paper. [11]  

Entanglement is an inevitable feature of reality  
Is entanglement really necessary for describing the physical world, or is it possible to have some 

post-quantum theory without entanglement?  

In a new study, physicists have mathematically proved that any theory that has a classical limitτ 

meaning that it can describe our observations of the classical world by recovering classical theory 

under certain conditionsτmust contain entanglement. So despite the fact that entanglement goes 

against classical intuition, entanglement must be an inevitable feature of not only quantum theory 

but also any non-classical theory, even those that are yet to be developed.  

The physicists, Jonathan G. Richens at Imperial College London and University College London, John  

H. Selby at Imperial College London and the University of Oxford, and Sabri W. Al-Safi at 

Nottingham Trent University, have published a paper establishing entanglement as a necessary 

feature of any non-classical theory in a recent issue of Physical Review Letters.  

"Quantum theory has many strange features compared to classical theory," Richens told Phys.org. 

"Traditionally we study how the classical world emerges from the quantum, but we set out to 

reverse this reasoning to see how the classical world shapes the quantum. In doing so we show 

that one of its strangest features, entanglement, is totally unsurprising. This hints that much of the 

apparent strangeness of quantum theory is an inevitable consequence of going beyond classical 

theory, or perhaps even a consequence of our inability to leave classical theory behind."  

Although the full proof is very detailed, the main idea behind it is simply that any theory that 

describes reality must behave like classical theory in some limit. This requirement seems pretty 

obvious, but as the physicists show, it imparts strong constraints on the structure of any 

nonclassical theory.  

Quantum theory fulfills this requirement of having a classical limit through the process of 

decoherence. When a quantum system interacts with the outside environment, the system loses 

its quantum coherence and everything that makes it quantum. So the system becomes classical 

and behaves as expected by classical theory.  

Here, the physicists show that any non-classical theory that recovers classical theory must contain 

entangled states. To prove this, they assume the opposite: that such a theory does not have 

entanglement. Then they show that, without entanglement, any theory that recovers classical 

theory must be classical theory itselfτa contradiction of the original hypothesis that the theory in 

question is non-classical. This result implies that the assumption that such a theory does not have 

entanglement is false, which means that any theory of this kind must have entanglement.  



This result may be just the beginning of many other related discoveries, since it opens up the 

possibility that other physical features of quantum theory can be reproduced simply by requiring 

that the theory has a classical limit. The physicists anticipate that features such as information 

causality, bit symmetry, and macroscopic locality may all be shown to arise from this single 

requirement. The results also provide a clearer idea of what any future non-classical, post-quantum 

theory must look like.  

"My future goals would be to see if Bell non-locality can likewise be derived from the existence of a 

classical limit," Richens said. "It would be interesting if all theories superseding classical theory 

must violate local realism. I am also working to see if certain extensions of quantum theory (such 

as higher order interference) can be ruled out by the existence of a classical limit, or if this limit 

imparts useful constraints on these 'post-quantum theories.'" [10]  

Bell Prize goes to scientists who proved 'spooky' quantum 

entanglement is real  
A trio of scientists who defied Einstein by proving the nonlocal nature of quantum entanglement 

will be honoured with the John Stewart Bell Prize from the University of Toronto (U of T). The prize 

recognizes the most significant recent achievements in the world in quantum mechanics and is 

considered by many to be the top international award in the field.  

The recipients each led separate experiments in 2015 that showed two particles so distant from 

one another that no signal could connect them even at the speed of light nevertheless possessed 

an invisible and instantaneous connection. They are:  

Ronald Hanson, Delft University of Technology, Netherlands  

Sae-Woo Nam of the National Institute of Standards & Technology, United States  

Anton Zeilinger, University of Vienna, Austria  

According to quantum entanglement, the world is a very weird place where quantum particles 

become correlated in pairs. These pairs predictably interact with each other regardless of how far 

apart they are: if you measure the properties of one member of the entangled pair you know the 

properties of the other. Einstein was not a believer: in the 1930s, he called it "spooky action at a 

distance."  

"While many experiments have come close to proving quantum entanglement, the scientists we 

are honouring have closed previous loopholes," says Professor Aephraim Steinberg, a quantum 

physicist at the U of T's Centre for Quantum Information & Quantum Control (CQIQC) and one of 

the founders of the Bell Prize. Earlier tests, for example, were plagued by the difficulties of 

ensuring that no signal could make it from one detector to the other as well as the fact that so 

many photons were being lost in the test process.  

"Collectively, they have removed all reasonable doubt about the nonlocal nature of quantum 

entanglement. In so doing they are also opening the door to exciting new technologies including 

super-secure communications and the ability to perform certain computations exponentially faster 

than any classical computer," says Steinberg.  



Created by the CQIQC at U of T in 2005, the John Stewart Bell Prize for Research on Fundamental 

Issues in Quantum Mechanics and their Applications is judged by an international panel of experts 

and awarded every two years for achievements in the previous six years.  

"Advancing understanding of quantum mechanics, along with its technological applications, is 

something that deserves to be celebrated and recognized around the world. We expect that, in 

some cases, the Bell Prize will prove to be a precursor to the Nobel Prize in Physics," says Daniel 

James, director of the CQIQC.  

The prize will be awarded on Thursday, August 31 at 1:25 pm at the Fields Institute on the U of T 

campus. Recipients will give short talks after the ceremony. [9]  

How to Win at Bridge Using Quantum Physics  
Contract bridge is the chess of card games. You might know it as some stuffy old game your 

grandparents play, but it requires major brainpower, and preferably an obsession with rules and 

strategy. So how to make it even geekier? Throw in some quantum mechanics to try to gain a 

competitive advantage. The idea here is to use the quantum magic of entangled photonsςwhich 

are essentially twins, sharing every propertyςto transmit two bits of information to your bridge 

partner for the price of one. Understanding how to do this is not an easy task, but it will help 

ŜƭǳŎƛŘŀǘŜ ǎƻƳŜ ōŀǎƛŎ ōǳƛƭŘƛƴƎ ōƭƻŎƪǎ ƻŦ ǉǳŀƴǘǳƳ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŜƻǊȅΦ LǘΩǎ ŀƭǎƻ ƪƛƴŘ ƻŦ Ŧǳƴ ǘƻ 

consider whether or not such tactics could ever be allowed in professional sports. [6]  

  

Quantum Information  
In quantum mechanics, quantum information is physical information that is held in the "state" of a 

quantum system. The most popular unit of quantum information is the qubit, a two-level quantum 

system. However, unlike classical digital states (which are discrete), a two-state quantum system 

can actually be in a superposition of the two states at any given time.  

Quantum information differs from classical information in several respects, among which we note 

the following:  

However, despite this, the amount of information that can be retrieved in a single qubit is equal to 

one bit. It is in the processing of information (quantum computation) that a difference occurs.  

The ability to manipulate quantum information enables us to perform tasks that would be 

unachievable in a classical context, such as unconditionally secure transmission of information. 

Quantum information processing is the most general field that is concerned with quantum 

information. There are certain tasks which classical computers cannot perform "efficiently" (that is, 

in polynomial time) according to any known algorithm. However, a quantum computer can 

compute the answer to some of these problems in polynomial time; one well-known example of 

this is Shor's factoring algorithm. Other algorithms can speed up a task less dramatically - for 

example, Grover's search algorithm which gives a quadratic speed-up over the best possible 

classical algorithm.  



Quantum information, and changes in quantum information, can be quantitatively measured by 

using an analogue of Shannon entropy. Given a statistical ensemble of quantum mechanical 

systems with the density matrix S, it is given by.  

Many of the same entropy measures in classical information theory can also be generalized to the 

quantum case, such as the conditional quantum entropy. [7]  

Quantum Teleportation  
Quantum teleportation is a process by which quantum information (e.g. the exact state of an atom 

or photon) can be transmitted (exactly, in principle) from one location to another, with the help of 

classical communication and previously shared quantum entanglement between the sending and 

receiving location. Because it depends on classical communication, which can proceed no faster 

than the speed of light, it cannot be used for superluminal transport or communication of classical 

bits. It also cannot be used to make copies of a system, as this violates the no-cloning theorem. 

Although the name is inspired by the teleportation commonly used in fiction, current technology 

provides no possibility of anything resembling the fictional form of teleportation. While it is 

possible to teleport one or more qubits of information between two (entangled) atoms, this has 

not yet been achieved between molecules or anything larger. One may think of teleportation 

either as a kind of transportation, or as a kind of communication; it provides a way of transporting 

a qubit from one location to another, without having to move a physical particle along with it.  

The seminal paper first expounding the idea was published by C. H. Bennett, G. Brassard, C. 

Crépeau, R. Jozsa, A. Peres and W. K. Wootters in 1993. Since then, quantum teleportation has 

been realized in various physical systems. Presently, the record distance for quantum teleportation 

is 143 km (89 mi) with photons, and 21 m with material systems. In August 2013, the achievement 

of "fully deterministic" quantum teleportation, using a hybrid technique, was reported. On 29 May 

2014, scientists announced a reliable way of transferring data by quantum teleportation. Quantum 

teleportation of data had been done before but with highly unreliable methods. [8]  

Quantum Computing  
A team of electrical engineers at UNSW Australia has observed the unique quantum behavior of a 

pair of spins in silicon and designed a new method to use them for "2-bit" quantum logic 

operations.  

These milestones bring researchers a step closer to building a quantum computer, which promises 

dramatic data processing improvements.  

Quantum bits, or qubits, are the building blocks of quantum computers. While many ways to create 

a qubits exist, the Australian team has focused on the use of single atoms of phosphorus, 

embedded inside a silicon chip similar to those used in normal computers.   

The first author on the experimental work, PhD student Juan Pablo Dehollain, recalls the first time 

he realized what he was looking at.  



"We clearly saw these two distinct quantum states, but they behaved very differently from what 

we were used to with a single atom. We had a real 'Eureka!' moment when we realized what was 

happening ς we were seeing in real time the `entangled' quantum states of a pair of atoms." [5]  

Quantum Entanglement  
Measurements of physical properties such as position, momentum, spin, polarization, etc.  

performed on entangled particles are found to be appropriately correlated. For example, if a pair of 

particles is generated in such a way that their total spin is known to be zero, and one particle is 

found to have clockwise spin on a certain axis, then the spin of the other particle, measured on the 

same axis, will be found to be counterclockwise. Because of the nature of quantum measurement, 

however, this behavior gives rise to effects that can appear paradoxical: any measurement of a 

property of a particle can be seen as acting on that particle (e.g. by collapsing a number of 

superimposed states); and in the case of entangled particles, such action must be on the entangled 

system as a whole. It thus appears that one particle of an entangled pair "knows" what 

measurement has been performed on the other, and with what outcome, even though there is no 

known means for such information to be communicated between the particles, which at the time 

of measurement may be separated by arbitrarily large distances. [4]  

The Bridge  
The accelerating electrons explain not only the Maxwell Equations and the Special Relativity, but 

ǘƘŜ IŜƛǎŜƴōŜǊƎ ¦ƴŎŜǊǘŀƛƴǘȅ wŜƭŀǘƛƻƴΣ ǘƘŜ ǿŀǾŜ ǇŀǊǘƛŎƭŜ Řǳŀƭƛǘȅ ŀƴŘ ǘƘŜ ŜƭŜŎǘǊƻƴΩǎ ǎǇƛƴ ŀƭǎƻΣ ōǳƛƭŘƛƴƎ 

the bridge between the Classical and Quantum Theories. [1]  

  

Accelerating charges  
The moving charges are self maintain the electromagnetic field locally, causing their movement 

and this is the result of their acceleration under the force of this field. In the classical physics the 

charges will distributed along the electric current so that the electric potential lowering along the 

current, by linearly increasing the way they take every next time period because this accelerated 

motion.  The same thing happens on the atomic scale giving a dp impulse difference and a dx way 

difference between the different part of the not point like particles.   

Relativistic effect  
Another bridge between the classical and quantum mechanics in the realm of relativity is that the 

charge distribution is lowering in the reference frame of the accelerating charges linearly: ds/dt = 

at (time coordinate), but in the reference frame of the current it is parabolic: s = a/2 t2 (geometric 

coordinate).  

  

Heisenberg Uncertainty Relation  
In the atomic scale the Heisenberg uncertainty relation gives the same result, since the moving 

electron in the atom accelerating in the electric field of the proton, causing a charge distribution on 
















