
Ground-State for 2D Superconductors 

 

Now, scientists at Tokyo Institute of Technology (Tokyo Tech), the University of Tokyo 

and Tohoku University report curious multi-state transitions of these superconductors in 

which they change from superconductor to special metal and then to insulator. [24] 

Researchers at the Zavoisky Physical-Technical Institute and the Southern Scientific 

Center of RAS, in Russia, have recently fabricated quasi-2-D superconductors at the 

interface between a ferroelectric Ba0.8Sr0.2TiO3 film and an insulating parent compound 

of La2CuO4. [23] 

Scientists seeking to understand the mechanism underlying superconductivity in "stripe-

ordered" cupratesɂcopper-oxide materials with alternating areas of electric charge and 

magnetismɂdiscovered an unusual metallic state when attempting to turn 

superconductivity off. [22] 

This discovery makes it clear that in order to understand the mechanism behind the 

enigmatic high temperature superconductivity of the cuprates, this exotic PDW state 

needs to be taken into account, and therefore opens a new frontier in cuprate research. 

[21] 

High-temperature (Tc) superconductivity typically develops from antiferromagnetic 

insulators, and superconductivity and ferromagnetism are always mutually exclusive. 

[20] 

Scientists at the U.S. Department of Energy's Ames Laboratory have developed a method 

to accurately measure the "exact edge" or onset at which a magnetic field enters a 

superconducting material. [19] 

TU Wien has now made a major advance towards achieving this goal and, at the same 

time, has furthered an understanding of why conventional materials only become 

superconducting at around -200°C [18] 

The emerging field of spintronics leverages electron spin and magnetization. [17] 

The first known superconductor in which spin-3/2 quasiparticles form Cooper pairs has 

been created by physicists in the US and New Zealand. [16]  

Now a team of researchers from the University of Maryland (UMD) Department of 

Physics together with collaborators has seen exotic superconductivity that relies on 

highly unusual electron interactions. [15] 

https://phys.org/tags/electron+interactions/


 A group of researchers from institutions in Korea and the United States has determined 

how to employ a type of electron microscopy to cause regions within an iron-based 

superconductor to flip between superconducting and non-superconducting states. [14] 

In new research, scientists at the University of Minnesota used a first-of-its-kind device to 

demonstrate a way to control the direction of the photocurrent without deploying an 

electric voltage. [13] 

Brown University researchers have demonstrated for the first time a method of 

substantially changing the spatial coherence of light. [12]  

Researchers at the University of Central Florida have generated what is being deemed the 

fastest light pulse ever developed. [11]  

Physicists at Chalmers University of Technology and Free University of Brussels have now 

found a method to significantly enhance optical force. [10]  

Nature Communications today published research by a team comprising Scottish and 

South African researchers, demonstrating entanglement swapping and teleportation of 

orbital angular momentum 'patterns' of light. [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 peculiar ground -state phase for 2 -D superconductors  
The application of large enough magnetic fields results in the disruption of superconducting states 

in materials, even at drastically low temperature, thereby changing them directly into insulatorsτ

or so was traditionally thought. Now, scientists at Tokyo Institute of Technology (Tokyo Tech), the 

University of Tokyo and Tohoku University report curious multi-state transitions of these 

superconductors in which they change from superconductor to special metal and then to insulator. 

Characterized by their zero electrical resistance, or alternatively, their ability to completely 

expel external magnetic fields, superconductors have fascinating prospects for both 

fundamental physics and applications for e.g., superconducting coils for magnets. This 

phenomenon is understood by considering a highly ordered relationship between the electrons of 

the system .Due to a coherence over the entire system, electrons form bounded pairs and flow 

without collisions as a collective, resulting in a perfect conducting state without energy dissipation. 

However, upon introducing a magnetic field, the electrons are no longer able to maintain their 

coherent relationship, and the superconductivity is lost. For a given temperature, the highest 

magnetic field under which a material remains superconducting is known as the critical field. 

Often these critical points are marked by phase transitions. If the change is abrupt like in the case of 

melting of ice, it is a first-order transition. If the transition takes place in a gradual and continuous 

manner by the growth of change-driving fluctuations extending on the entire system, it is called a 

second-order transition. Studying the transition path of superconductors when subjected to the 

critical field can yield insights into the quantum processes involved and allows us to design 

smarter superconductors (SCs) for application to advanced technologies. 

https://phys.org/tags/electrical+resistance/
https://phys.org/tags/external+magnetic+fields/
https://phys.org/tags/superconductors/
https://phys.org/tags/quantum+processes/


Schematically drawn phase diagram of superconductivity-related states in ultrathin NbSe2. SC; 

superconductor, BM; Bose metal, INS; insulator, B1, B2, Bc2; magnetic fields at boundaries 

between the phases. Credit: Physical Review B 

Interestingly, two-dimensional superconductors (2-D SCs) are the perfect candidates to study this 

type of phase transitions and one such novel candidate is a mono-unit layer of NbSe2. Because 

smaller dimension (thickness) of superconductor implies a smaller number of possible partners for 

electrons to form superconducting pairs, the smallest perturbation can set a phase transition. 

Furthermore, 2-D SC is relevant from the perspective of applications in small-scale electronics. 

In such materials, raising the applied magnetic field past a critical value leads to a fuzzy state in 

which the magnetic field penetrates the material, but the resistance is still minimal. It is only upon 

increasing the magnetic field further that the superconductivity is destroyed and the material is 

rendered an ordinary insulator. This is called the superconductor-to-insulator phase transition. 

Because this phenomenon is observed at very low temperatures, the quantum fluctuations in the 

system become comparable to, or even larger than, the classical thermal fluctuations. Therefore, 

this is called a quantum phase transition. 

To understand the path of phase transition as well as the fuzzy or mixed state that exists between 

the critical field strengths in the NbSe2 ultrathin superconductor, a group of researchers 

measured the magnetoresistance of the material (see Fig. 1), or the response of a SC's resistivity 

when subjected to external magnetic field. Professor Ichinokura lead says, "Using a four-point 

probe, we estimated the critical magnetic field at the respective quantum phase boundaries in the 

mono-layered NbSe2." (see Fig. 2) 

They found that as a small magnetic field is applied to the SC, the coherent flow of electrons is 

broken, but the electron pairs still remain. This is due to motion of vortices; the moving vortices 

create a finite resistance. The origin of this minimal resistance was interpreted as the material 

https://phys.org/tags/materials/
https://phys.org/tags/critical+field/































































