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Materials 

 

An efficient new method to find out whether a material hosts topological states or not 

could help increase the number of known topological materials from a few hundred to 

thousands. [33] 

With their insensitivity to decoherence, Majorana particles could become stable building 

blocks of quantum computers. [32] 

A team of researchers at the University of Maryland has found a new way to route 

photons at the micrometer scale without scattering by building a topological quantum 

optics interface. [31]  

Researchers at the University of Bristol's Quantum Engineering Technology Labs have 

demonstrated a new type of silicon chip that can help building and testing quantum 

computers and could find their way into your mobile phone to secure information. [30] 

Theoretical physicists propose to use negative interference to control heat flow in 

quantum devices. [29] 

Particle physicists are studying ways to harness the power of the quantum realm to 

further their research. [28]  

A collaboration between the lab of Judy Cha, the Carol and Douglas Melamed Assistant 

Professor of Mechanical Engineering & Materials Science, and IBM's Watson Research 

Center could help make a potentially revolutionary technology more viable for 

manufacturing. [27] 

A fundamental barrier to scaling quantum computing machines is "qubit interference." In 

new research published in Science Advances, engineers and physicists from Rigetti 

Computing describe a breakthrough that can expand the size of practical quantum 

processors by reducing interference. [26] 

The search and manipulation of novel properties emerging from the quantum nature of 

matter could lead to next-generation electronics and quantum computers. [25] 

A research team from the Department of Energy's Lawrence Berkeley National 

Laboratory (Berkeley Lab) has found the first evidence that a shaking motion in the 

structure of an atomically thin (2-D) material possesses a naturally occurring circular 

rotation. [24] 

https://www.rigetti.com/
https://www.rigetti.com/


Topological effects, such as those found in crystals whose surfaces conduct electricity 

while their bulk does not, have been an exciting topic of physics research in recent years 

and were the subject of the 2016 Nobel Prize in physics. [23] 

A new technique developed by MIT researchers reveals the inner details of photonic 

crystals, synthetic materials whose exotic optical properties are the subject of 

widespread research. [22]  

In experiments at SLAC, intense laser light (red) shining through a magnesium oxide 

ÃÒÙÓÔÁÌ ÅØÃÉÔÅÄ ÔÈÅ ÏÕÔÅÒÍÏÓÔ ȰÖÁÌÅÎÃÅȱ ÅÌÅÃÔÒÏÎÓ ÏÆ ÏØÙÇÅÎ ÁÔÏÍÓ ÄÅÅÐ ÉÎÓÉÄÅ ÉÔȢ  ɍφυɎ  

LCLS works like an extraordinary strobe light: Its ultrabright X-rays take snapshots of 

materials with atomic resolution and capture motions as fast as a few femtoseconds, or 

millionths of a billionth of a second. For comparison, one femtosecond is to a second 

what seven minutes is to the age of the universe. [20]  

! ȬÎÏÎÌÉÎÅÁÒȭ effect that seemingly turns materials transparent is seen for the first time 

in X-ÒÁÙÓ ÁÔ 3,!#ȭÓ ,#,3Ȣ ɍυύɎ  

Leiden physicists have manipulated light with large artificial atoms, so-called quantum 

dots. Before, this has only been accomplished with actual atoms. It is an important step 

toward light-based quantum technology. [18]  

In a tiny quantum prison, electrons behave quite differently as compared to their 

counterparts in free space. They can only occupy discrete energy levels, much like the 

electrons in an atom - for this reason, such electron prisons are often called "artificial 

atoms". [17]  

When two atoms are placed in a small chamber enclosed by mirrors, they can 

simultaneously absorb a single photon. [16]  

Optical quantum technologies are based on the interactions of atoms and photons at the 

single-particle level, and so require sources of single photons that are highly 

indistinguishable ɀ that is, as identical as possible. Current single-photon sources using 

semiconductor quantum dots inserted into photonic structures produce photons that are 

ultrabright but have limited indistinguishability due to charge noise, which results in a 

fluctuating electric field. [14]  

A method to produce significant amounts of semiconducting nanoparticles for light-

emitting displays, sensors, solar panels and biomedical applications has gained 

momentum with a demonstration by researchers at the Department of  

Energy's Oak Ridge National Laboratory. [13]  

A source of single photons that meets three important criteria for use in quantum-

information systems has been unveiled in China by an international team of physicists. 

Based on a quantum dot, the device is an efficient source of photons that emerge as solo 



particles that are indistinguishable from each other. The researchers are now trying to 

use the source to create a quantum computer based on "boson sampling". [11]  

With the help of a semiconductor quantum dot, physicists at the University of Basel have 

developed a new type of light source that emits single photons. For the first time, the 

researchers have managed to create a stream of identical photons. [10]  

Optical photons would be ideal carriers to transfer quantum information over large 

distances. Researchers envisage a network where information is processed in certain 

nodes and transferred between them via photons. [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.   

  

Symmetry indicators unearth new topological materials   
An efficient new method to find out whether a material hosts topological states or not could help 

increase the number of known topological materials from a few hundred to thousands. The 

technique is very different to conventional target-oriented searches and uses algorithms to sort 

materials automatically according to their chemical properties and properties related to 

symmetries in their structure. 

Topological materials ς exotic materials whose surface properties are very different to those in 

their bulk ς have created a flurry of interest in recent years and are currently revolutionizing 

modern condensed matter physics thanks to their unique properties that come from their 

topology. Topological phases of matter are so-called because they are mathematically described by 

global invariants that are unaffected by imperfections, such as defects or other variations, in a 

material. 

On example of a topological material is a topological insulator (also known as a 2D quantum spin 

Hall insulator). These are materials that are electrical insulators in the bulk but which can conduct 

electricity extremely well on their edge via special topologically protected electronic states. 

Electrons can only travel in one direction along these states and do not backscatter. This means 



that they can carry electrical current with near-zero dissipation of energy and so could be used to 

make energy-efficient electronic devices in the future. 

Topological insulators were discovered over 10 years ago and we now know of a few hundred 

materials that belong to this category of material. Only a dozen or so of these appear to be suitable 

for real-world applications, however. 

Symmetry indicators theory  
To predict whether a material can host topological states, researchers mainly rely on complex 

theoretical calculations. Two teams, one at Princeton University in New Jerseyand 

the other at Harvard University in Cambridge, Massachusetts, recently put 

forward a new approach based on the recently established theory of symmetry indicators, 

however, to speed up this search process. In these studies, the physicists use algorithms to sort 

materials automatically according to their chemical properties and properties that come from 

symmetries in their structure. These symmetries define where electrons move in the crystal lattice 

and can be used to predict how electrons will behave ς and therefore whether a material can host 

topological states or not. 

Researchers at Nanjing University in China led by Xiangang Wan together with Harvard team, 

led by Ashvin Vishwanath, have now shown that the computation of symmetry indicators 

for any crystalline symmetry setting can readily be integrated into standard first-principle 

ŎŀƭŎǳƭŀǘƛƻƴǎΦ άLƴ ǎǘŀǊƪ ŎƻƴǘǊŀǎǘ ǘƻ Ŏonventional target-oriented searches, our technique does not 

presuppose any specific phase of matter but instead automatically identifies all nontrivial electronic 

band structures and then classifies them as either topological insulators, topological semi-metals or 

ǘƻǇƻƭƻƎƛŎŀƭ ŎǊȅǎǘŀƭƭƛƴŜ ƛƴǎǳƭŀǘƻǊǎΣέ ŜȄǇƭŀƛƴǎ ²ŀƴΦ 

To show how powerful their algorithm is, the researchers began by analysing crystalline materials in 

eight different space groups (which represent a description of the symmetryof a crystal) and say 

they have unearthed hundreds of materials capable of hosting topological phases. 

ά¢ǿƻ ǘƻǇƻƭƻƎƛŎŀƭ ŎǊȅǎǘŀƭƭƛƴŜ ƛƴǎǳƭŀǘƻǊǎ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ŀǊŜ ǿƻǊǘƘ ƳŜƴǘƛƻƴƛƴƎΣέ ǎŀȅǎ ²ŀƴΦ ά¢ƘŜ ʲ-

MoTe2 (space group 11) with screw-protected hinge states, and the BiBr (space group 12) with a 

Ǌƻǘŀǘƛƻƴ ŀƴƻƳŀƭȅΦ ¢ƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ǘƘŜ ƴƻǾŜƭ ǘƻǇƻƭƻƎƛŎŀƭ ŦŜŀǘǳǊŜ ƛƴ ʲ-MoTe2 was verified in a later 

study (arXiv:1806.11116ύΦέ 

Fast technique  
In traditional topological-material-discovery algorithms, we have to first pre-assume a specific 

topological phase and then calculate the corresponding topological invariant(s), a process that is 

usually very time-ŎƻƴǎǳƳƛƴƎΣΩ ǎŀȅǎ ²ŀƴΦ άhǳǊ ƴŜǿ ǘŜŎƘƴƛǉǳŜ ƛǎ ǾŜǊȅ Ŧŀǎǘ ŀƴŘ ǿŜ ƘŀǾŜ ǳǎŜŘ ƛǘ ǘƻ 

comprehensively search for topological materials in 230 space groups in all 

(arXiv:1807.09744ύΣέ ƘŜ ǘŜƭƭǎ Physics World. 
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https://physicsworld.com/a/3d-topological-insulators-go-photonic/


 

3D topological insulators go photonic 

 

The researchers, reporting their work in Nature Physics10.1038/s41567-019-0418-

7, say that many of the topological materials they have discovered using their approach could be 

promising for making next-generation electronic devices. Indeed, their work has 

already attracted much attention. 

The approach is not just limited to topological materials either and could be extended to other 2D 

ŀƴŘ ƳŀƎƴŜǘƛŎ ƳŀǘŜǊƛŀƭǎΣ ǎŀȅǎ ²ŀƴΦ άhǳǊ ǇǊŜǎŜƴǘ ǿƻǊƪ ŦƻŎǳǎŜǎ ƻƴ ŜƭŜŎǘǊƻƴƛŎ ōŀƴŘ ǘƻǇƻƭƻƎȅΣ ōǳǘ ǘƘŜ 

symmetry indicators of phonons, photons and magnons could also be built and used to search for 

topologically non-ǘǊƛǾƛŀƭ ǇƘŀǎŜǎ ƛƴ ǘƘŜǎŜ ǎȅǎǘŜƳǎΦέ [33] 

https://physicsworld.com/a/3d-topological-insulators-go-photonic/
https://physicsworld.com/a/3d-topological-insulators-go-photonic/
https://www.nature.com/articles/s41567-019-0418-7
https://www.nature.com/articles/s41567-019-0418-7
https://www.nature.com/articles/d41586-018-05913-4
https://physicsworld.com/a/3d-topological-insulators-go-photonic/


 

Unconventional superconductor may be used to create quantum 

computers of the future  
With their insensitivity to decoherence, Majorana particles could become stable building blocks of 

quantum computers. The problem is that they only occur under very special circumstances. Now, 

researchers at Chalmers University of Technology have succeeded in manufacturing a component 

that is able to host the sought-after particles. 

Researchers throughout the world are struggling to build quantum computers. One of the great 

challenges is to overcome the sensitivity of quantum systems to decoherence, the collapse of 

superpositions. One track within quantum computer research is therefore to make use of Majorana 

particles, which are also called Majorana fermions. Microsoft, among other organizations, is 

exploring this type of quantum computer. 

Majorana fermions are highly original particles, quite unlike those that make up the materials 

around us. In highly simplified terms, they can be seen as half-electron. In a quantum computer, 

the idea is to encode information in a pair of Majorana fermions separated in the material, which 

should, in principle, make the calculations immune to decoherence. 

So where do you find Majorana fermions? In solid state materials, they only appear to occur in 

what are known as topological superconductors. But a research team at Chalmers University of 

Technology is now among the first in the world to report that they have actually manufactured a 

topological superconductor. 

"Our experimental results are consistent with topological superconductivity," says Floriana 

Lombardi, professor at the Quantum Device Physics Laboratory at Chalmers. 

To create their unconventional superconductor, they started with what is called a topological 

insulator made of bismuth telluride, Be2Te3. A topological insulator conducts current in a very 

special way on the surface. The researchers placed a layer of aluminum, a conventional 

superconductor, on top, which conducts current entirely without resistance at low temperatures. 

"The superconducting pair of electrons then leak into the topological insulator, which also becomes 

superconducting," explains Thilo Bauch, associate professor in quantum device physics. 

However, the initial measurements all indicated that they only had standard superconductivity 

induced in the Bi2Te3 topological insulator. But when they cooled the component down again later, 

to routinely repeat some measurements, the situation suddenly changedτthe characteristics of 

the superconducting pairs of electrons varied in different directions. 

"And that isn't compatible at all with conventional superconductivity. Unexpected and exciting 

things occurred," says Lombardi. 

Unlike other research teams, Lombardi's team used platinum to assemble the topological insulator 

with the aluminum. Repeated cooling cycles gave rise to stresses in the material (see image below), 

which caused the superconductivity to change its properties. After an intensive period of analyses, 

https://phys.org/tags/superconductors/
https://phys.org/tags/topological+superconductivity/
https://phys.org/tags/topological+insulator/
https://phys.org/tags/topological+insulator/
https://phys.org/tags/insulator/


the researchers established that they had probably succeeded in creating a topological 

superconductor. 

"For practical applications, the material is mainly of interest to those attempting to build a 

topological quantum computer. We want to explore the new physics hidden in topological 

superconductorsτthis is a new chapter in physics," Lombardi says. 

The results were recently published in Nature Communications in a study titled "Induced 

unconventional superconductivity on the surface states of Bi2Te3 topological insulator." [32] 

 

 

 

Routing photons with a topological photonic structure  
A team of researchers at the University of Maryland has found a new way to route photons at the 

micrometer scale without scattering by building a topological quantum optics interface. In their 

paper published in the journal Science, the group describes their topological photonic structure, 

how it works, and the ways they tested it. Alberto Amo with Université de Lill in Spain offers a short 

history of recent attempts to route photons at such a tiny scale and also outlines the work done by 

the team at UM. 

As Amo notes, scientists would like to be able to route photons with precision at the micrometer 

scale to create better integrated quantum optical circuits τa tendency of photons to scatter when 

meeting with bends and splitters has inhibited progress. In this new effort, the researchers have 

gotten around this problem by taking a new approachτusing a semiconductor slab with triangular 

holes arranged in hexagon patterns. The slab was fashioned into a lattice of hexagons, with larger 

triangular holes on one side of the slab than the other. The routing occurred where the two types 

of hexagons met. 

The architecture of the slab created edge states where two photonic crystals metτthe bands 

touched and crossed over, producing edge states with energy between two crystal band gaps, 

allowing a photon to move between them without scattering. The arrangement of the hexagons 

provided band gaps next to one another from one side of the slab to the other, creating a channel 

of sorts for the photons to travel. Photons were provided courtesy of quantum dots that were 

embedded at border sitesτfiring a laser at the quantum dots caused them to generate individual 

photons, which then propagated along channels with no scattering. Photons that were of opposite 

polarization propagated in opposite directions. 

The key to successfully building the structure was noting what happened when the quantum dots 

were excited with a high-powered laserτfocusing the lens on just one side of an edge caused the 

emitted photon in the band gap to propagate without scattering. That led the team to fine-tune the 

size of the triangular holes and their distance from the center of their respective hexagons, allowing 

for the creation of the channels. The work, Amo suggests, is a big step toward the implementation 

of new kinds of optical circuits. [31] 

https://phys.org/tags/quantum/
https://phys.org/tags/topological+superconductors/
https://phys.org/tags/topological+superconductors/
http://science.sciencemag.org/content/359/6376/638.full
https://phys.org/tags/quantum/
https://phys.org/tags/hexagon/
https://phys.org/tags/edge+states/
https://phys.org/tags/photon/
https://phys.org/tags/quantum+dots/
https://phys.org/tags/optical+circuits/


 

 

 

 

New silicon ch ip for helping build quantum computers and securing 

our information  
Researchers at the University of Bristol's Quantum Engineering Technology Labs have 

demonstrated a new type of silicon chip that can help building and testing quantum computers and 

could find their way into your mobile phone to secure information. 

Scientific effort worldwide is focused on attempting to use silicon photonics to 

realise quantum technologies, such as super-secure communications, quantum super computers 

and new ways build increased sensitivity sensors. Silicon photonic chips process information made 

of light using an area millions of times smaller than if you were to try make the equivalent device 

using individual lenses, mirrors and other optics. 

Now, researchers at the University of Bristol have made a breakthrough for silicon quantum 

photonicsτthey have developed new type of on-chip detector capable of measuring quantum 

mechanical behavior within the integrated chip architecture. This is a new tool for making sure 

silicon photonic processors work the way they are designed and can themselves be used for other 

tasks, such as generating random numbers for cryptography, vital for the security industry, and as 

an important part of new types of optical sensor. 

PhD student Giacomo Ferranti explained, "The great thing about the detector is that it works at 

room temperature. A lot of single photon detection requires cryogenics at ~4 Kelvin" (minus 270 

degrees centigrade). 

"While those cold detectors have their own amazing benefits, they are currently expensive and 

require large cryogenic fridges. Our detector is both small enough to sit on a human hair and can 

work in normal room temperature conditions." 

One of the key applications that the detector has already been used for by the researchers is to 

generate random numbers.  

"The ability to generate truly random numbers with a machine, without any bias, is actually a very 

difficult task" explains Francesco Raffaelli, another PhD student responsible for the project. 

"Random numbers have all sorts of applications, but the one that interests me the most is its use 

for cryptography and quantum cryptography. One day soon, I imagine these devices will be 

routinely part of the micro-processor on your desktop PC and in your mobile phone to keep them 

secure." [30] 

 

 

https://phys.org/tags/quantum/
https://phys.org/tags/random+numbers/
https://phys.org/tags/room+temperature/
https://phys.org/tags/detector/
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Interference as a new method for cooling quantum devices  
Theoretical physicists propose to use negative interference to control heat flow in quantum 

devices. Their study has been published in Physical Review Letters. 

Quantum computer parts are sensitive and need to be cooled to very low temperatures. Their size 

makes them particularly susceptible to temperature increases from the thermal noise in the 

surrounding environment and that caused by other components nearby. Dr Shabir Barzanjeh, a 

postdoc at the Institute of Science and Technology Austria (IST Austria), together with Dr André 

Xuereb from the University of Malta and Matteo Aquilina from the National Aerospace Centre in 

Malta has proposed a novel method to keep quantum devices cool. Their theoretical approach 

relies on quantum interference. 

Normally, if a hotter object is placed next to a cooler one, the heat can only flow from the hotter 

object to the cooler one. Therefore, cooling an object that is already cooler than its surroundings 

requires energy. A new method for cooling down the elements of quantum devices such as qubits, 

the tiny building blocks of quantum computers, was now theoretically proven to work by a group of 

physicists. 

"Essentially, the device we are proposing works like a fridge. But here, we are using a quantum 

mechanical principle to realize it," explains Shabir Barzanjeh, the lead author of the study and 

postdoc in the research group of Professor Johannes Fink. In their paper, they studied how thermal 

noise flows through quantum devices and they devised a method that can prevent the heat flow 

to warm up the sensitive quantum device. They used a heat sink connected to both devices, 

showing that it is possible to control its heat flow such that it cancels the heat coming from the 

warm object directly to the cool one via special quantum interference. 

"So far, researchers have focused on controlling the signal, but here, we study the noise. This is 

quite different, because a signal is coherent, and the noise isn't." Concerning the practical 

implementation of the mechanism that adds the phase shift to the thermal noise, Shabir Barzanjeh 

has some ideas, including a mechanical object that vibrates, or radiation pressure to control the 

oscillation. "Now it is the time for experimentalists to verify the theory," he says. [29] 

 

 

Learning to speak quantum  
In a 1981 lecture, the famed physicist Richard Feynman wondered if a computer could ever 

simulate the entire universe. The difficulty with this task is that, on the smallest scales, the universe 

operates under strange rules: Particles can be here and there at the same time; objects separated 

by immense distances can influence each other instantaneously; the simple act of observing can 

change the outcome of reality. 

άbŀǘǳǊŜ ƛǎƴΩǘ ŎƭŀǎǎƛŎŀƭΣ ŘŀƳƳƛǘΣέ CŜȅƴƳŀƴ ǘƻƭŘ Ƙƛǎ ŀǳŘƛŜƴŎŜΣ άŀƴŘ ƛŦ ȅƻǳ ǿŀƴǘ ǘƻ ƳŀƪŜ ŀ ǎƛƳǳƭŀǘƛƻƴ 

ƻŦ ƴŀǘǳǊŜΣ ȅƻǳΩŘ ōŜǘǘŜǊ ƳŀƪŜ ƛǘ ǉǳŀƴǘǳƳ ƳŜŎƘŀƴƛŎŀƭΦέ 
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