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"This is the first time that the exact same material can be tuned either to a topological 

insulator or to a superconductor," says Pablo Jarillo-Herrero, the Cecil and Ida Green 

Professor of Physics at MIT. [34] 

For the first time, a group of researchers from Universidad Complutense de Madrid, IBM, 

ETH Zurich, MIT and Harvard University have observed topological phases of matter of 

quantum states under the action of temperature or certain types of experimental 

imperfections. [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] 

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


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] 

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 

crystal eØÃÉÔÅÄ 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 ÅÆÆÅÃÔ ÔÈÁÔ ÓÅÅÍÉÎÇÌÙ ÔÕÒÎÓ ÍÁÔÅÒÉÁÌÓ ÔÒÁÎÓÐÁÒÅÎÔ ÉÓ ÓÅÅÎ ÆÏÒ ÔÈÅ ÆÉÒÓÔ ÔÉÍÅ 

in X-ÒÁÙÓ ÁÔ 3,!#ȭÓ ,#,3. [19]  

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.   

  

First two -dimensional material that performs as both topological 

insulator and superconductor  
A transistor based on the 2-D material tungsten ditelluride (WTe2) sandwiched between boron 

nitride can switch between two different electronic statesτone that conducts current only along 

its edges, making it a topological insulator, and one that conducts current with no resistance, 



making it a superconductorτresearchers at MIT and colleagues from four other institutions have 

demonstrated. 

Using four-probe measurements, a common quantum electronic transport technique to measure 

the electronic behavior of materials, the researchers plotted the current carrying capacity and 

resistance characteristics of the two-dimensional tungsten ditelluride transistor and confirmed 

their findings across a range of applied voltages and external magnetic fields at extremely low 

temperatures. 

"This is the first time that the exact same material can be tuned either to a topological insulator or 

to a superconductor," says Pablo Jarillo-Herrero, the Cecil and Ida Green Professor of Physics at 

MIT. "We can do this by regular electric field effect using regular, standard dielectrics, so basically 

the same type of technology you use in standard semiconductor electronics." 

New class of materials  
"This is the first of a new class of materialsτtopological insulators that can be tuned electrically 

into superconductorsτwhich opens many possibilities which before there were significant 

obstacles to realize," Jarillo-Herrero says. "Having one material where you can do this seamlessly 

within the same material to transition between this topological insulator and superconductor is 

something which is potentially very attractive." 

Tungsten ditelluride, which is one of the transition metal dichalcogenide materials, is classified as a 

semimetal and conducts electricity like metals in bulk form. The new findings detail that in a single-

layer crystal form, at temperatures from less than 1 kelvin to liquid nitrogen range (-320.4 degrees 

Fahrenheit), tungsten ditelluride hosts three distinct phases: topologically insulating, 

superconducting, and metallic. An applied voltage drives the transition between these phases, 

which vary with temperature and electron concentration. In superconducting materials, electrons 

flow without resistance generating no heat. 

The new findings have been published online in the journal Science. Valla Fatemi Ph.D. '18, who is 

now a postdoc at Yale, and postdoc Sanfeng Wu, who is a Pappalardo Fellow at MIT, are co-first 

authors of the paper with senior author Jarillo-Herrero. The co-authors are MIT graduate student 

Yuan Cao; Landry Bretheau Ph.D. '18 of the École Polytechnique in France; Quinn D. Gibson of the 

University of Liverpool in the UK; Kenji Watanabe and Takashi Taniguchi of the National Institute for 

Materials Science in Japan; and Robert J. Cava, a professor of chemistry at Princeton University. 

Like a quantum wire  
The new work builds on a report earlier this year by the researchers demonstrating the quantum 

spin Hall effect (QSH), which is the signature physics phenomenon underlying two-dimensional 

topological insulators, in the same single layer tungsten ditelluride material. This edge current is 

governed by the spin of the electrons rather than by their charge, and electrons of opposite spin 

move in opposite directions. This topological property is always present in the material at cold 

temperatures. 

This quantum spin Hall effect persisted up to a temperature of about 100 kelvins (-279.67 degrees 

F). "So it's the highest temperature 2-D topological insulator so far," says postdoc Sanfeng Wu, who 



also was a first author of the earlier paper. "It's very important for an interesting quantum state like 

this to survive at high temperatures for use for applications." 

This behavior, in which the edges of tungsten ditelluride material act like a quantum wire, was 

predicted in 2014 in a theoretical paper by associate professor of physics Liang Fu and Ju Li, a 

professor of nuclear science and engineering and materials science and engineering. Materials with 

these qualities are sought for spintronic and quantum computing devices. 

Although the topological insulating phenomenon was observed at up to 100 kelvins, the 

superconducting behavior in the new work occurred at a much lower temperature of about 1K. 

 

MIT researchers Sanfeng Wu, left, a postdoc at MIT, and Pablo Jarillo-Herrero, the Cecil and Ida 

Green Professor of Physics, have demonstrated for the first time in a single material the 

controllable appearance of two different states of Χmore 

This material has the advantage of entering the superconducting state with one of the lowest 

densities of electrons for any 2-D superconductor. "That means that that small carrier density that 

is needed to make it a superconductor is one that you can induce with normal dielectrics, with 

regular dielectrics, and using a small electric field," Jarillo-Herrero explains. 

Addressing the findings of topological insulating behavior in 2-D tungsten telluride in the first paper, 

and the findings of superconductivity in the second, Wu says, "These are twin papers, each of them 

is beautiful and put together their combination can be very powerful." Wu suggests that the 

findings point the way for investigation of 2-D topological materials and could lead the way to a 

new material basis for topological quantum computers. 

https://phys.org/tags/quantum+computing/
https://phys.org/news/2018-11-two-dimensional-material-topological-insulator-superconductor.html?utm_source=menu&utm_medium=link&utm_campaign=item-menu
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/2018/1-firsttwodime.jpg































































































