
 

 

Isolating Elusive Phosphatetrahedrane 

 

A research team in the Department of Chemistry at the Massachusetts Institute of Technology 

(MIT), Cambridge U.S., explored a synthetic pathway to generate 

a phosphatetrahedrane framework. [37] 

Columbia University researchers report today in Science that they have invented a new 

method—using ultraflat gold films—to disassemble vdW single crystals layer by layer into 

monolayers with near-unity yield and with dimensions limited only by bulk crystal sizes. [36] 

Heterostructures with magnetism and topology (geometry) are promising materials to 

realize exotic topological quantum states. [35] 

Topological materials have become a hot topic in quantum materials research, as they have 

potential applications for quantum information and spintronics. [34] 

The team utilized analytical and ab-initio theories to establish a link between this spin engine 

concept and room-temperature experiments on a solid-state spintronic device called a magnetic 

tunnel junction (MTJ). [33] 

Scientists at Tokyo Institute of Technology proposed new quasi-1-D materials for potential 

spintronic applications, an upcoming technology that exploits the spin of electrons. [32] 

They do this by using "excitons," electrically neutral quasiparticles that exist in insulators, 

semiconductors and in some liquids. [31] 

Researchers at ETH Zurich have now developed a method that makes it possible to couple such a 

spin qubit strongly to microwave photons. [30] 

Quantum dots that emit entangled photon pairs on demand could be used in quantum 

communication networks. [29] 

Researchers successfully integrated the systems—donor atoms and quantum dots. [28] 

A team of researchers including U of A engineering and physics faculty has developed a new 

method of detecting single photons, or light particles, using quantum dots. [27] 

Recent research from Kumamoto University in Japan has revealed that polyoxometalates 

(POMs), typically used for catalysis, electrochemistry, and photochemistry, may also be used in a 

technique for analyzing quantum dot (QD) photoluminescence (PL) emission mechanisms. [26] 

https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-1395%28199808/09%2911%3A8/9%3C678%3A%3AAID-POC57%3E3.0.CO%3B2-J
https://www.nature.com/articles/d41586-019-02062-0
https://phys.org/tags/room+temperature/


 

 

Researchers have designed a new type of laser called a quantum dot ring laser that emits 

red, orange, and green light. [25] 

The world of nanosensors may be physically small, but the demand is large and growing, 

with little sign of slowing. [24]  

In a joint research project, scientists from the Max Born Institute for  

Nonlinear Optics and Short Pulse Spectroscopy (MBI), the Technische Universität Berlin 

(TU) and the University of Rostock have managed for the first time to image free 

nanoparticles in a laboratory experiment using a highintensity laser source. [23]  

For the first time, researchers have built a nanolaser that uses only a single molecular 

layer, placed on a thin silicon beam, which operates at room temperature. [22]  

A team of engineers at Caltech has discovered how to use computer-chip manufacturing 

technologies to create the kind of reflective materials that make safety vests, running 

shoes, and road signs appear shiny in the dark. [21]  

In the September 23th issue of the Physical Review Letters, Prof. Julien Laurat and his 

team at Pierre and Marie Curie University in Paris (Laboratoire Kastler Brossel-LKB) 

report that they have realized an efficient mirror consisting of only 2000 atoms. [20]  

Physicists at MIT have now cooled a gas of potassium atoms to several nanokelvins—just 

a hair above absolute zero—and trapped the atoms within a two-dimensional sheet of 

an optical lattice created by crisscrossing lasers. Using a high-resolution microscope, the 

researchers took images of the cooled atoms residing in the lattice. [19]  

Researchers have created quantum states of light whose noise level has been “squeezed” 

to a record low. [18]  

An elliptical light beam in a nonlinear optical medium pumped by “twisted light” can 

rotate like an electron around a magnetic field. [17]  

Physicists from Trinity College Dublin's School of Physics and the CRANN Institute, 

Trinity College, have discovered a new form of light, which will impact our 

understanding of the fundamental nature of light. [16]  

Light from an optical fiber illuminates the metasurface, is scattered in four different 

directions, and the intensities are measured by the four detectors. From this 

measurement the state of polarization of light is detected. [15] Converting a single 

photon from one color, or frequency, to another is an essential tool in quantum 

communication, which harnesses the subtle correlations between the subatomic 

properties of photons (particles of light) to securely store and transmit information. 

Scientists at the National Institute of Standards and Technology (NIST) have now 

developed a miniaturized version of a frequency converter, using technology similar to 

that used to make computer chips. [14]  



 

 

Harnessing the power of the sun and creating light-harvesting or light-sensing devices 

requires a material that both absorbs light efficiently and converts the energy to highly 

mobile electrical current. Finding the ideal mix of properties in a single material is a 

challenge, so scientists have been experimenting with ways to combine different 

materials to create "hybrids" with enhanced features. [13]  

Condensed-matter physicists often turn to particle-like entities called quasiparticles—

such as excitons, plasmons, magnons—to explain complex phenomena. Now Gil Refael 

from the California Institute of Technology in Pasadena and colleagues report the 

theoretical concept of the topological polarition, or “topolariton”: a hybrid half-light, 

half-matter quasiparticle that has special topological properties and might be used in 

devices to transport light in one direction. [12]  

Solitons are localized wave disturbances that propagate without changing shape, a 

result of a nonlinear interaction that compensates for wave packet dispersion. Individual 

solitons may collide, but a defining feature is that they pass through one another and 

emerge from the collision unaltered in shape, amplitude, or velocity, but with a new 

trajectory reflecting a discontinuous jump.  

Working with colleagues at the Harvard-MIT Center for Ultracold Atoms, a group led by 

Harvard Professor of Physics Mikhail Lukin and MIT Professor of Physics Vladan Vuletic 

have managed to coax photons into binding together to form molecules – a state of 

matter that, until recently, had been purely theoretical. The work is described in a 

September 25 paper in Nature.  

New ideas for interactions and particles: This paper examines the possibility to origin the 

Spontaneously Broken Symmetries from the Planck Distribution Law. This way we get a 

Unification of the Strong, Electromagnetic, and Weak Interactions from the interference 

occurrences of oscillators. Understanding that the relativistic mass change is the result 

of the magnetic induction we arrive to the conclusion that the Gravitational Force is also 

based on the electromagnetic forces, getting a Unified Relativistic Quantum Theory of all 

4 Interactions.  
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Isolating an elusive phosphatetrahedrane  
A research team in the Department of Chemistry at the Massachusetts Institute of Technology (MIT), 

Cambridge U.S., explored a synthetic pathway to generate a phosphatetrahedrane framework. 

During the synthetic route, the team replaced a single carbon vertex with another p-block element within a 

highly strained tetrahedrane molecule. Highly strained molecules possess unusually acute bond 

angles at carbon and are species of high energy. In order to replace a single carbon vertex for less strain in 

this work, Martin-Louis Y. Riu and colleagues selected phosphorous due to its stable, tetrahedral molecular 

form. They accomplished the task 

through dehydrofluorination of fluorophosphine [H(F)P(CtBu)3] generated during the 

synthetic route. The team isolated a 19 percent yield of the Tri-tert-butyl phosphatetrahedrane [P(CtBu)3] 

product of interest as a low-melting, volatile and colorless solid. They characterized the product 

spectroscopically and with single-crystal X-ray diffraction to confirm the tetrahedral nature of the 

molecule's PC3 core and noted the unexpected thermal stability of the molecule. 

Strained cages such as tetrahedrane are interesting structural components used to design new 

high-energy density materials. Although the parent tetrahedrane molecule has remained elusive, 

it is a viable target and chemists aim to successfully isolate molecules containing the tetrahedrane 

core with four carbon atoms and encage it with substituents to synthesize new materials. In 

a complementary approach, researchers can substitute other elements into the tetrahedral 

core including phosphorous, known as "the carbon copy" due to its approximation to carbon—based on 

electronegativity and the ability to form multiple bonds—which forms the basis of phospha-

organic chemistry. In highly strained organic 

systems where molecules contain unusually acute bond angles at carbon, Riu et al. replaced a 

carbon atom of tetrahedrane with phosphorous to yield a stable molecular entity. The potential to create a 

phosphatetrahedrane is logical due to the tetrahedral nature of the P4 molecule—the only stable 

molecular form of elemental phosphorous. For instance, theoretical work has predicted that 

phosphatetrahedrane will behave similarly to carbon bases after gas-phase protonation 

(addition of a proton or hydrogen). 

https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291099-1395%28199808/09%2911%3A8/9%3C678%3A%3AAID-POC57%3E3.0.CO%3B2-J
https://pubchem.ncbi.nlm.nih.gov/compound/tetrahedrane
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https://pubs.rsc.org/en/content/articlelanding/1969/c2/c29690001509#!divAbstract
https://phys.org/search/?search=tetrahedrane&s=0
https://www.sciencedirect.com/science/article/pii/S0166128003008972
https://www.sciencedirect.com/science/article/pii/S0166128003008972
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/chem.200600451
https://phys.org/tags/carbon+atoms/
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.197805201
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.199310541
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https://www.elsevier.com/books/strained-organic-molecules/greenberg/978-0-12-299550-7
https://www.elsevier.com/books/strained-organic-molecules/greenberg/978-0-12-299550-7
https://phys.org/tags/molecules/
https://www.elsevier.com/books/chemistry-of-the-elements/greenwood/978-0-7506-3365-9
https://www.elsevier.com/books/chemistry-of-the-elements/greenwood/978-0-7506-3365-9
https://onlinelibrary.wiley.com/doi/abs/10.1002/(SICI)1099-1395(199808/09)11:8/9%3C678::AID-POC57%3E3.0.CO;2-J


 

 

Synthesis of phosphaketene 2, diphosphene 5, and phosphorus analogs of tricyclopentanone 4 and housene 

6. r.t., room temperature. Credit: Science Advances, doi: 10.1126/sciadv.aaz3168 

Since substituting bulky groups is key to stabilize (CR)4 tetrahedranes, in this work Riu et al. 

selected P(CtBu)3 as their target molecule. Based on their experience with phosphinidene 

transfer activity, the team prepared a compound, AP(CtBu)3 where A was anthracene or C14H10 and 

analogous to phosphaketene. During the process, the team deprotonated a secondary 

phosphine HPA and collected the product by filtration after precipitating the crude reaction 

mixture, to eventually produce cyclopropenyl phosphine as a ninth product in the synthetic 

route. They characterized compound nine with single-crystal X-ray diffraction to reveal its molecular 

structure. The cyclopropenyl phosphine product was thermally stable at least to its melting point of 1300C 

and Riu et al. conducted photochemical experiments to induce anthracene elimination. 

After brief periods of irradiation, they produced a species containing a 31P nuclear magnetic 

resonance (NMR) signal, which they identified as one component of the desired 

phosphatetrahedrane molecule (named as compound 1) within a complex mixture. Extended periods of 

irradiation led to a loss of the intriguing high-field NMR signal that represented the product, while showing 

increased complexity of the reaction mixture. Since halides (chloride, bromide, fluoride) can also induce 

elimination of anthracene, the team studied an alternative strategy to generate HXP(CtBu)3 cyclopropenyl 

halophosphines from compound nine, as a potential precursor to form 

the phosphinidenoid of interest. The team treated compound nine to eliminate the anthracene 

https://www.nature.com/articles/s41570-016-0004
https://pubs.acs.org/doi/abs/10.1021/jacs.7b05464
https://pubs.acs.org/doi/abs/10.1021/jacs.7b05464
https://limo.libis.be/primo-explore/fulldisplay?docid=LIRIAS1576125&context=L&vid=Lirias&search_scope=Lirias&tab=default_tab&lang=en_US&fromSitemap=1
https://pubs.acs.org/doi/abs/10.1021/jacs.8b10775
https://pubs.acs.org/doi/abs/10.1021/jacs.8b10775
https://pubchem.ncbi.nlm.nih.gov/compound/Oxo_2-cyclopropenyl_phosphine
https://pubmed.ncbi.nlm.nih.gov/2936903/
https://pubmed.ncbi.nlm.nih.gov/2936903/
https://pubs.acs.org/doi/abs/10.1021/ic302786v
https://www.publish.csiro.au/CH/CH11325


 

 

molecule and formed HXP(CtBu)3, where X could either be fluoride to form compound 10, or chloride to 

form compound 11, which they identified using NMR. 

Synthesis of tri-tert-butyl phosphatetrahedrane 1. TBA, tetra-n-butyl ammonium; TMA, 

tetramethylammonium; TMP, tetramethylpiperidide; TMPH, tetramethylpiperidine. Credit: Science 

Advances, doi: 10.1126/sciadv.aaz3168 

Dehydrohalogenation of compound 10 –fluorophosphine was efficient and reproducible to produce 

phosphatetrahedrane (compound 1) – the structure of interest. The team optimized the protocol to deliver 

compound 1 as the major product and characterized the result with NMR signals to confirm its 

purity/identity. Riu et al. first obtained crude samples of the phosphatetrahedrane product as a pale yellow 

oil, which they purified through a silica plug to deliver colorless solid samples. They then credited the low 

yield of the isolated compound to volatility during isolation and purification. 



 

 

Molecular structures of key intermediates obtained from single-crystal x-ray diffraction experiments. (A) 

Drawing of Na[8] with thermal ellipsoids shown at the 50% probability level. Hydrogen atoms have been 

omitted. (B) Drawing of compound 9 with thermal ellipsoids shown at the 50% probability level. Hydrogen 

atoms have been omitted. Science Advances, doi: 10.1126/sciadv.aaz3168 

The scientists ultimately grew crystals of the product of interest—phosphatetrahedrane for X-ray diffraction 

investigations and used sublimation to overcome volatility for smoother product development. Using 

the data, they determined the structure of phosphatetrahedrane, which agreed well with those predicted 

using quantum chemical calculations. The final compound showed considerable thermal stability and 

stability in air (at room temperature) for half hour, although they were unstable under 254 nm ultraviolet 

irradiation. Riu et al. used quantum chemical calculations to illuminate the bonding and explained the 

stability of the molecular framework, while illustrating how three bulky substitutions were sufficient to 

produce an isolated tetrahedrane. 

https://www.sciencedirect.com/topics/chemistry/sublimation
https://pubs.acs.org/doi/abs/10.1021/ja030476t


 

 

LEFT: Structural drawing of tri-tert-butyl phosphatetrahedrane 1 from a single-crystal x-ray diffraction 

experiment. Thermal ellipsoids are shown at the 50% probability level, and hydrogen atoms have been 

omitted. RIGHT: Analysis of bonding in compound 1 using quantum chemical calculations. (A) Molecular 

graph of P(CtBu)3 (1) showing paths linking pairs of bonded atoms, bond critical points as small orange 

spheres, the phosphorus atom as a large orange sphere, carbon atoms as beige spheres, and hydrogen 

atoms as white spheres. (B) Standard heats of formation in kcal/mol at 298.15 K for tetrahedrane, P4, and 

phosphatetrahedrane from G3(MP2, CCSD(T)) calculations performed using GAMESS quantum chemistry 

package. The phosphatetrahedrane ΔH∘f value can be approximated as the sum of three-quarters the value 

for tetrahedrane and one-quarter the value for the P4 molecule. Science Advances, doi: 

10.1126/sciadv.aaz3168 

In this way, Martin-Louis Y. Riu and colleagues synthesized tri-tert-butyl phosphatetrahedrane to produce 

proof of existence of a molecule with the smallest sum of bond angles conceivable for a trivalent 

phosphorous atom. To successfully synthesize phosphatetrahedrane, the team relied on novel 

phosphinidenoid reaction chemistry that remains to be explained in mechanistic detail. The strategy 

described in this work will be applicable to other strained synthetic targets. [37] 

 

 

Researchers develop new method to isolate atomic sheets and create 

new materials 
Two-dimensional materials from layered van der Waals (vdW) crystals hold great promise for electronic, 

optoelectronic, and quantum devices, but making/manufacturing them has been limited by the lack of high-

throughput techniques for exfoliating single-crystal monolayers with sufficient size and high quality. 

Columbia University researchers report today in Science that they have invented a new method—using 



 

 

ultraflat gold films—to disassemble vdW single crystals layer by layer into monolayers with near-unity yield 

and with dimensions limited only by bulk crystal sizes. 

The monolayers generated using this technique have the same high quality as those created by 

conventional "Scotch tape" exfoliation, but are roughly a million times larger. The monolayers can be 

assembled into macroscopic artificial structures, with properties not easily created in conventionally grown 

bulk crystals. For instance, layers of molybdenum disulfide can be aligned with each other so that the 

resulting stack lacks mirror-symmetry and as a result demonstrates strongly nonlinear optical response, 

where it absorbs red light and emits ultraviolet light, a process known as second harmonic generation. 

"This approach takes us one step closer to mass production of macroscopic monolayers and bulk-like 

artificial materials with controllable properties," says co-PI James Hone, Wang Fong-Jen Professor of 

Mechanical Engineering at Columbia Engineering. 

The discovery 15 years ago that single atomic sheets of carbon—graphene—could be easily separated from 

bulk crystals of graphite and studied as perfect 2-D materials was recognized with the 2010 Nobel prize in 

physics. Since then, researchers worldwide have studied properties and applications of a wide variety of 2-D 

materials, and learned how to combine these layers into stacked heterostructures that are essentially new 

hybrid materials themselves. The original scotch tape method developed for graphene, which uses an 

adhesive polymer to pull apart crystals, is easy to implement but is not well-controlled and produces 2-D 

sheets of limited size—typically tens of micrometers across, or the size of a cross-section of a single strand 

of hair. 

A major challenge for the field and future manufacturing is how to scale up this process to much larger sizes 

in a deterministic process that produces 2-D sheets on demand. The dominant approach to scaling up the 

production of 2-D materials has been the growth of thin films, which has yielded great successes but still 

faces challenges in material quality, reproducibility, and the temperatures required. Other research groups 

pioneered the use of gold to exfoliate large 2-D sheets, but have used approaches that either leave the 2-D 

sheets on gold substrates or involve intermediate steps of evaporating hot gold atoms that damage the 2-D 

materials. 

"In our study, we were inspired by the semiconductor industry, which makes the ultrapure silicon wafers 

used for computer chips by growing large single crystals and slicing them into thin disks," says the lead PI 

Xiaoyang Zhu, Howard Family Professor of Nanoscience in Columbia's department of chemistry. "Our 

approach does this on the atomic scale: we start with a high-purity crystal of a layered material and peel off 

one layer at a time, achieving high-purity 2-D sheets that are the same dimensions as the parent crystal." 

The researchers took their cue from the Nobel prize-winning scotch tape method and developed an ultraflat 

gold tape instead of the adhesive polymer tape. The atomically flat gold surface adheres strongly and 

uniformly to the crystalline surface of a 2-D material and disassembles it layer by layer. The layers are the 

same size and dimension as the original crystal—providing a degree of control far beyond what is 

achievable using scotch tape. 

"The gold tape method is sufficiently gentle that the resulting flakes have the same quality as those made 

by scotch tape technique," says postdoctoral scholar Fang Liu, the lead author on the paper. "And what is 

especially exciting is that we can stack these atomically thin wafers in any desired order and orientation to 

generate a whole new class of artificial materials." 

https://phys.org/tags/scotch+tape/
https://phys.org/tags/layer/


 

 

The work was carried out in the Center for Precision Assembly of Superstratic and Superatomic Solids, a 

Materials Science and Engineering Research Center funded by the National Science Foundation and led by 

Hone. The research project used shared facilities operated by the Columbia Nano Initiative. 

Motivated by recent exciting advances in "twistronics," the team is now exploring adding small rotation 

between layers in these artificial materials. In doing so, they hope to achieve on a macro-scale the 

remarkable control over quantum properties such as superconductivity that have recently been 

demonstrated in micrometer-sized flakes. They are also working to broaden their new technique into a 

general method for all types of layered materials, and looking at potential robotic automation for large 

scale manufacturing and commercialization. [36] 

  

 

Natural van der Waals heterostructural single crystals with magnetic 

and topological properties  

Heterostructures with magnetism and topology (geometry) are promising materials to realize exotic 

topological quantum states. However, such materials are challenging to engineer or 

synthesize. In a new report on Science Advances, Jiazhen Wu and an interdisciplinary research team in the 

departments of Materials Research, Optoelectronic Science, Physics, Condensed Matter Research and 

Advanced Materials in Japan and China, reported the development of natural magnetic van der 

Waals heterostructures. The constructs exhibited controllable magnetic properties while 

maintaining their topological surface states. 

During the process, the materials scientists and physicists gradually weakened the interlayer 

antiferromagnetic exchange coupling while increasing magnetic layer separation to observe an 

anomalous Hall effect. At a temperature below 5K, the phenomenon was well coupled with 

magnetization to cause ferromagnetic hysteresis i.e., applying an external magnetic 

field to a ferromagnet causing the alignment of its atomic dipoles. The researchers aim to use the 

homogeneous heterostructures with atomically sharp interfaces and intrinsic magnetic properties 

to study exotic phenomena such as the quantum anomalous Hall effect, axion insulator 

states and topological magnetoelectric effects (the induction of magnetization by an 

electric field and the induction of electric polarization by a magnetic field). 

In condensed matter physics, magnetic heterostructures have attracted considerable 

attention to form new applications in the developing fields 

of spintronics and topotronics (nanoelectronics based on topological structures). For example, 

well-established deposition techniques that assist thin film growth including molecular beam 

epitaxy, pulsed laser deposition and sputtering have accelerated the field to facilitate 

unique properties such as giant magnetoresistance. For instance, tunneling 

https://phys.org/tags/artificial+materials/
https://www.nature.com/articles/d41586-019-02062-0
https://www.nature.com/articles/d41586-019-02062-0
https://www.sciencedirect.com/science/article/pii/S2352940719305451
https://www.sciencedirect.com/science/article/pii/S2352940719305451
https://www.sciencedirect.com/topics/chemistry/hall-effect
https://www.sciencedirect.com/science/article/abs/pii/0304885386900661
https://phys.org/tags/external+magnetic+field/
https://phys.org/tags/external+magnetic+field/
https://onlinelibrary.wiley.com/doi/abs/10.1002/advs.201970067?af=R
https://arxiv.org/abs/1710.00471
https://arxiv.org/abs/1710.00471
https://www.sciencedirect.com/topics/chemistry/magnetoelectric-effect
https://phys.org/search/?search=condensed+matter+physics
https://iopscience.iop.org/article/10.1088/2053-1583/aa6bec/meta
https://www.sciencedirect.com/topics/chemistry/spintronics
https://www.nature.com/search?q=topotronics
https://www.elsevier.com/books/molecular-beam-epitaxy/henini/978-0-12-812136-8
https://www.elsevier.com/books/molecular-beam-epitaxy/henini/978-0-12-812136-8
https://www.sciencedirect.com/topics/materials-science/pulsed-laser-deposition
https://www.sciencedirect.com/topics/materials-science/sputter-deposition
https://www.ncbi.nlm.nih.gov/pubmed/10039127?dopt=Abstract
https://www.sciencedirect.com/topics/chemistry/tunneling-magnetoresistance


 

 

magnetoresistance had previously demonstrated core technical capabilities for digital 

information storage. However, research developments of magnetic heterostructures remain 

limited due to associated deposition techniques, hindering wide-ranging studies of unique materials 

systems. Nevertheless, researchers recently used the transfer method to prepare van der Waals 

heterostructures intricately with sophisticated techniques. 

Researchers had also recently developed heterostructures combined with magnetic layers and topological 

insulator (TI) layers to form exotic topological quantum states. But the development of an 

ideal platform to study quantum effects using a homogenous heterostructure containing atomically sharp 

interfaces and intrinsic magnetic properties remains experimentally elusive. In this work, Wu et al. reported 

naturally occurring van der Waals heterostructures (MnBi2Te4)m(Bi2Te3)m with controllable magnetic 

properties and topological surface states (SSs). They prepared single crystals using the flux 

method (method of crystal growth) and identified variants of the molecules using X-ray 

diffraction (XRD) measurements and scanning transmission electron 

microscopy (STEM). When the research team gradually weakened the interlayer antiferromagnetic 

(AFM) exchange interactions, the materials converted into a magnetic order competing 

system with a ferromagnetic (FM) state stabilized below 5K. 

Magnetic van der Waals heterostructures of (MnBi2Te4)m(Bi2Te3)n. (A to D) Schematics of the evolution of 

the heterostructures. The arrows show the spin orientation of Mn with black pointing down and white 

pointing up. The question marks in (C) and (D) show the uncertainty of the spin orientations due to complex 

magnetic interactions. (E to H) Atomic resolution high-angle annular dark-field (HAADF)–STEM images of 

https://www.sciencedirect.com/topics/chemistry/tunneling-magnetoresistance
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.76.323
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.76.323
https://science.sciencemag.org/content/353/6298/aac9439
https://www.nature.com/articles/nmat4783
https://phys.org/tags/single+crystals/
https://www.sciencedirect.com/topics/chemistry/flux-method
https://www.sciencedirect.com/topics/chemistry/flux-method
https://www.sciencedirect.com/topics/materials-science/X-ray-diffraction
https://www.sciencedirect.com/topics/materials-science/X-ray-diffraction
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the compounds displayed in (A) to (D). The images are taken along a zone axis perpendicular to the c axis. 

QL stands for quintuple layer and SL stands for septuple layer. (I to L) Selected-area electron diffraction 

(SAED) patterns of the compounds shown in (A) to (D). Credit: Science Advances, doi: 

10.1126/sciadv.aax9989. 

Since the magnetization had an out-of-plane easy axis, the researchers observed an anomalous Hall (AH) 

effect—well coupled with magnetization. They investigated the nontrivial electronic structures of 

MnBi4Te7 in the bulk and surface using density functional theory (DFT) calculations to confirm 

its antiferromagnetic topological insulator (AFM TI) properties. Wu et al. experimentally detected the 

surface states using angle-resolved photoemission spectroscopy (ARPES) 

measurements and expect the novel material to provide a platform to investigate varied interests in 

spintronics and topotronics. 

For example, the recently reported MnBi2Te4 synthetic compound is an intrinsic van der 

Waals antiferromagnet showing topological nontrivial surface states (SS). Since the two van der Waals 

materials Bi2Te3 and MnBi2Te4 demonstrated similar lattice constraints, the researchers were keen to test 

the possibility of synthesizing natural heterostructures with alternating quintuple atomic layers (QLs) and 

septuple atomic layers (SLs). 

Based on the assumption, the researchers prepared polycrystalline samples relative to the formulation of 

(MnBi2Te4)m(Bi2Te3)nand formed MnBi4Te7 and MnBi6Te10 using a solid-state reaction route. The research 

team observed the new heterostructures using high-angle annular dark-field (HAADF) and 

STEM measurements. The atomic resolution images were highly consistent with the crystal structures 

previously obtained using XRD measurements and aligned with the proposed model. They further 

confirmed high degrees of crystallinity of the prepared samples using selected-area electron 

diffraction (SAED) patterns. 

https://www.sciencedirect.com/science/article/abs/pii/S0370157314002075
https://www.sciencedirect.com/topics/materials-science/angle-resolved-photoemission-spectroscopy
https://advances.sciencemag.org/content/5/6/eaaw5685.abstract
https://www.ncbi.nlm.nih.gov/pubmed/2013823
https://www.sciencedirect.com/topics/engineering/selected-area-electron-diffraction
https://www.sciencedirect.com/topics/engineering/selected-area-electron-diffraction


 

 

XRD patterns of single crystals. (A) MnBi2Te4. (B) MnBi4Te7. The measurement was performed on single-

crystalline pieces (shown in the insets) with only the a-b plane exposed to x-ray. The insets also show the 

structure models based on SL and QL van der Waals layers. a.u., arbitrary units. Credit: Science Advances, 

doi: 10.1126/sciadv.aax9989. 

To test the physical properties, Wu et al. then grew single crystals of MnBi2Te4 and MnBi4Te7 using a flux-

assisted method and found the synthesis to be difficult since the phases only evolved at a very 

narrow temperature range. The scientists showed MnBi4Te7 to be comparatively more 

complex due to the presence of both QL and SL (quintuple and septuple) atomic layers. The researchers 

checked the fresh surface of the samples using Auger electron spectroscopy and X-ray 

photoelectron spectroscopy under high vacuum and results indicated the samples to be 

clean and confirmed the presence of all the proposed elements (manganese [Mn], bismuth [Bi] and 

tellurium [Te]). 

To understand the magnetic structures, Wu et al. next conducted magnetization measurements of the 

single-crystalline samples MnBi2Te4 and MnBi4Te7. The two compounds showed contrasting magnetic 

structures. For additional insight into the electronic structure and topology of MnBi4Te7, the research team 

conducted DFT (density functional theory) calculations using the hybrid functional method, 

which is widely used to study small band-gap materials. The team demonstrated band structures 

of the bulk MnBi4Te7 compound with and without spin-orbit coupling (SOC). 

https://journals.aps.org/prb/abstract/10.1103/PhysRevB.99.155125
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.99.155125
https://www.sciencedirect.com/topics/medicine-and-dentistry/auger-electron-spectroscopy
https://www.sciencedirect.com/topics/chemistry/X-ray-photoelectron-spectroscopy
https://www.sciencedirect.com/topics/chemistry/X-ray-photoelectron-spectroscopy
https://aip.scitation.org/doi/abs/10.1063/1.1668634
https://www.sciencedirect.com/topics/materials-science/band-gap-material
https://www.sciencedirect.com/topics/chemistry/spin-orbit-coupling


 

 

LEFT: Magnetic properties of MnBi2Te4 and MnBi4Te7 single crystals. (A to C) Magnetic susceptibility and 

magnetization of MnBi2Te4. The parameters θ and μeff are the Curie-Weiss temperature and effective 

moment, respectively. (D to F) Magnetic susceptibility and magnetization of MnBi4Te7 at high fields. (G to I) 

Magnetic susceptibility and magnetization of MnBi4Te7 at low fields. The black arrows with dotted lines in 

(I) show the sweep directions of the magnetic field. The heterostructures and spin structures are 

schematically shown as insets in (B), (C), (E), (F), and (I). RIGHT: DFT band structures of MnBi4Te7. (A) Bulk 

band structure without SOC. (B) Bulk band structure with SOC. (C) Band structure of a QL-terminated five–

van der Waals layer slab. (D) Band structure of an SL-terminated seven–van der Waals layer slab. The 

calculations were performed assuming an AFM ground state. The thickness of the band is proportional to 

the contribution of the indicated atoms (A and B) or van der Waals layers [QL/SL in (C) and (D)]. Credit: 

Science Advances, doi: 10.1126/sciadv.aax9989. 

Thereafter, the scientists measured the surface state of MnBi4Te7 using ARPES (angle-resolved 

photoemission spectroscopy) at 20 and 300 K with an excitation photon energy of 48 eV 

similar to a previous investigation. Compared with the calculated results, they observed the measured 

surface states to be derived mainly from the SL-(septuple atomic layer), although they did not exclude 

contributions from the QL-(quintuple atomic layer). To explain the observations, the scientists also 

considered the possibility of the QL/SL surface domain sizes being much smaller than the photon beam spot 

size employed for spectroscopic (ARPES) analysis. 

Wu et al. observed ferromagnetic spin fluctuations in MnBi4Te7 above the transition temperature (TN) and 

credited them to the results observed within the setup. The results however prompted an open question 

requiring further investigations. Notably, surface states of the MnBi4Te7 were more complex than 

MnBi2Te4 by understanding the surface properties and tunable magnetic properties of the magnetic 

https://science.sciencemag.org/content/325/5937/178


 

 

heterostructures the researchers will ideally be able to explore tunable quantized magnetoelectric 

phenomena in the future. 

Wu et al. also recorded the electrical properties of MnBi4Te7 single crystals, which notably differed from the 

MnBi2Te4 variant. The compound had a metallic conductivity with the Hall effect showing a carrier 

concentration of 2.85 x 1020 cm-3 at 2 degrees Kelvin. The Hall resistivity had a linear field dependence at 

high fields to suggest a single carrier in the compound. Wu et al. characterized the anomalous electrical 

transport properties and magnetic structures of MnBi4Te7 single crystals to further show dependence of 

spin-flip transitions on magnetoresistance. 

LEFT: Surface band structure of MnBi4Te7 at a photon energy of 48 eV. (A and C) Measured SS along the 

Γ¯¯−M¯¯¯ direction at 20 and 300 K, respectively. The intensity plots are symmetrized with respect to the 

center lines and averaged. (B and D) The energy distribution curves extracted from the intensity maps of (A) 

and (C), respectively, in the range of −0.24 Å−1 < kx < 0.24 Å−1. The intensity at the Γ¯¯ point is shown in 

red. The DP in (B) and (D) is short for Dirac point. RIGHT: Anomalous electrical transport properties and 

magnetic structures of MnBi4Te7 single crystals. (A) AH resistivity. The black arrows with dashed-dotted 

lines show the sweep directions of the magnetic field. The inset shows the total Hall resistivity at 2 K. (B) AH 

conductivity below 2 K. The central-symmetric data including background noise are due to the analysis 

method. (C) Temperature dependence of AH conductivity and magnetic susceptibility measured at 1 T. The 

inset shows the temperature dependence of the scaling factor. (D) Field- and temperature-dependent 

magnetoresistance above 2 K. (E) Field- and temperature-dependent magnetoresistance below 1 K. (F) 

Temperature and field dependence of magnetic structures when the field is swept from a negative field to a 

positive field. Note that measurements above 2 K and below 1 K are on two pieces of samples. The 

magnetic field is applied along the c axis for all the transport properties measurements. Credit: Science 

Advances, doi: 10.1126/sciadv.aax9989. 



 

 

The associated electrons within the compound underwent a higher scattering rate at magnetoresistance 

plateaus (high-resistance state) than at a lower or higher magnetic field. The scientists observed that such 

magnetoresistance plateaus could not survive at higher temperatures (>0.35 K) since thermal activation 

could potentially destroy antiferromagnetic states prompting the system to enter a ferromagnetic state. 

Importantly, the plateaus in anomalous Hall conductivity resembled axion insulating states and therefore, 

the present system could also potentially form a platform to create appropriately tuned axion 

insulators. When current flows across the magnetic and nonmagnetic layers in the setup, the 

magnetoresistance effects can grow much stronger, similar to materials with giant 

magnetoresistance. 

In this way, Jiazhen Wu and colleagues summarized the field- and temperature-dependent magnetic 

structures of MnBi4Te7,indicating the compound as a magnetic order competing system. 

Comparatively, they did not observe this competing situation with MnBi2Te4. The researchers expect the 

competing magnetic order of the compounds to induce unexplored quantum topological states. The 

experimental exotic magnetic structures of the present materials will lead to fundamental interests in 

magnetism. The work will also provide a new platform for topotronics to realize quantized 

magnetoelectronic phenomena. The successful isolation of the van der Waals materials will provide both 

materials scientists and physicists brand new opportunities to study the interplay between magnetism and 

topology within two-dimensional limits. [35] 

 

 

Scientists find new way to identify, manipulate topological metals for 

spintronics  
Topological materials have become a hot topic in quantum materials research, as they have potential 

applications for quantum information and spintronics. This is because topological materials have strange 

electronic states in which an electron's momentum is connected to its spin orientation, something that can 

be exploited in new ways to encode and transmit information. One type of topological material, called a 

magnetic Weyl semimetal, is attracting interest because of its potential ability to be manipulated with 

magnetic fields. 

Because these materials are so new, however, it has been difficult for scientists to identify and characterize 

Weyl semimetals. A recent theory and modeling study from scientists at the U.S. Department of Energy's 

(DOE) Argonne National Laboratory may not only give researchers an easier way of finding Weyl 

semimetals, but also a way to more easily manipulate them for potential spintronic devices. 

Previous attempts to investigate Weyl semimetals relied on a complicated technique requiring an X-ray or a 

laser source and carefully prepared samples. To simplify the observation of semimetals, Argonne 

researchers instead proposed to use the relationship between two essential properties—electronic 

spin and charge—to reveal the nature of the topological materials and give scientists new 

ways to use them. 

https://arxiv.org/abs/1809.02853
https://arxiv.org/abs/1809.02853
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.61.2472
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.61.2472
https://www.nature.com/articles/ncomms12146
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.107202
https://phys.org/tags/electronic+spin/
https://phys.org/tags/electronic+spin/
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"We want to know if there is some signature in the semimetal that we can see if we attempt to run a 

current through it, something that is characteristic of it being a Weyl semimetal," said Argonne materials 

scientist Olle Heinonen. 

To generate a charge current in the Weyl semimetal, Heinonen proposed first to inject a spin current at the 

interface between a normal metal and the Weyl semimetal. While the spin current involved an influx of 

electrons with spins pointed in a particular direction, there were no net charges injected because electrons 

of opposite spin were being pulled the other way. 

"You can think of it like having two swimmers going opposite ways in a swimming pool, one doing the 

freestyle and one doing the backstroke," he said. "There's no net direction of swimming, but there is a net 

amount of freestyle." 

By moving spins preferentially from the normal metal into the Weyl semimetal, the researchers found that 

the semimetal needed to find ways to accommodate electrons with particular spins in its electronic 

structure. "You can't just stick any electron wherever you want," Heinonen said. 

Instead, the researchers found that the electrons tend to redistribute their spins into those places that are 

available and energetically favorable. "You might not be able to fit all your spin into one particular 

electronic state, but you can fit fractional amounts of spin in different states that add up to the same 

amount," Heinonen said. "Imagine if you have a wave that hits a rock; you still have the same amount of 

water moving, just in different directions." 

When the electron "breaks up" in this manner when it encounters the Weyl semimetal, the different 

resulting electronic states travel with different speeds, generating a charge current. Depending on the 

direction in which this current is measured—say, from top to bottom or from left to right—scientists saw 

different results. 

"How the electron breaks up is related in a very sensitive way to the relationships between energy, 

momentum and spin in the magnetic Weyl semimetal," Heinonen said. "As a result, how the direction of 

the charge current changes is directly related to the properties of the Weyl semimetal, allowing you to 

determine its topological characteristics." 

Seeing the anisotropy, or the difference in charge current when measured in different directions in the 

Weyl semimetal, gives researchers two pieces of information. First, it reveals the Weyl nature of the 

material, but perhaps more importantly it allows researchers to tune the properties of the material. "The 

response we see is uniquely interesting because it's a Wey lsemimetal, and because it has this interesting 

anisotropic response, we can probably exploit that in some devices," Heinonen said. "We're out a little bit 

ahead of the curve as far as people actually making many Weyl semimetals, but this gives us a cheap way of 

testing and experimenting with a type of material that is likely to become more popular." 

A paper based on the study, "Spin-to-charge conversion in magnetic Weyl semimetals," appeared in the 

Nov. 1 issue of Physical Review Letters. Argonne's Ivar Martin, Shulei Zhang, now an Assistant Professor of 

Physics at Case Western Reserve University, and Anton Burkov of the University of Waterloo, also 

collaborated on the study. [34] 
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Combining spintronics and quantum thermodynamics to harvest energy 

at room temperature  
Today's energy-hungry global society is struggling with how to mitigate the effects of man-made climate 

change, and under what conditions of voluntary/coercive adaptation. Present fossil fuel-free technologies 

appear inadequate/insufficient to meet this daunting challenge. Addressing this challenge from a 

technological standpoint is therefore likely to require the maturation of bold new physical concepts that 

can be fast-tracked technologically. 

An international scientific team from the CNRS, the University of Strasbourg and University of Lorraine in 

France, together with the Uppsala University in Sweden, has fortuitously discovered one such concept at 

the poorly understood/documented intersection between two otherwise disjointed research fields. 

Spintronics comprises next-generation, low-power electronics that utilize the electron's quantum spin 

property. It is thus mostly concerned with information storage/communication technologies. Quantum 

physics/thermodynamics aims to reexamine the rules of thermodynamics when matter is confined at the 

nanoscale to exhibit quantum properties, and thus to understand how quantum engines operate. 

The team's experiments and analyses show that it is possible to assemble an electrical generator that 

utilizes the electron spin to harvest thermal fluctuations at room temperature. Referring to the engine's 

schematic, the harvesting of ambient temperature occurs over paramagnetic (PM) centers —- atom-level 

magnets whose orientation fluctuates due to heat. The engine's electrodes, called spintronic selectors, 

allow electrons of only one spin (↑ in red, or ↓ in blue) to conduct. Because heat mixes the electron spin 

on the PM center (middle) with energetically separated spin energy levels, transport (yellow lines) between 

the PM center and the electrodes occurs at different energy levels for each electrode. This causes a 

spontaneous bias voltage V to appear between the electrodes, and thus a spontaneous current to flow once 

the electrical circuit is closed. 

The team utilized analytical and ab-initio theories to establish a link between this spin engine concept 

and room-temperature experiments on a solid-state spintronic device called a magnetic tunnel 

junction (MTJ). Here, the interface between the ferromagnetic metal Co and carbon atoms was used as a 

spintronic selector, and carbon atoms substituting oxygen atoms in the MgO tunnel barrier as PM 

centers. 

According to the experiments, if such devices could be mass produced at high success yields, then at 

present densities of MgO MTJs within next-generation memories, this concept could yield chips that 

continuously produce electrical power with an areal power density that is 3x greater than raw solar 

irradiation on Earth. The challenge is now to confirm certain fundamental aspects of this engine's 

operation, to achieve device reproducibility by controlling at the atomic level the position and properties of 

the PM centers in a suitable solid-state device, to implement CMOS back-end integration (e.g. thanks to 

existing progress with MgO MTJ technologies), to manage engineering issues such as heat flow and 

interconnect losses, and to drastically lower the resulting chip's areal cost. 

To avert climate catastrophe within the GIEC-determined 11-year time frame using a technological solution 

such as this one will require a massive, focused undertaking akin to that deployed in the Manhattan project, 

combining scientists, policymakers and industrial partners already working on MTJ-based spintronic 
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technologies. The website under construction will help to communicate on this undertaking. As a 

measure of hope, only seven to nine years elapsed between the discovery of spintronics in 1986-1988 and 

the first resulting commercial products. If the solution to the climate crisis is to involve new technology, 

radically new physical concepts that can be technologically fast-tracked should, from now on, be considered 

with the urgency and prioritization that the stakes of a climate catastrophe portend. [33] 

 

 

Electronics of the future: A new energy-efficient mechanism using the 

Rashba effect  
Scientists at Tokyo Institute of Technology proposed new quasi-1-D materials for potential spintronic 

applications, an upcoming technology that exploits the spin of electrons. They performed simulations to 

demonstrate the spin properties of these materials and explained the mechanisms behind their behavior. 

Conventional electronics is based on the movement of electrons and mainly concerns their electric charge. 

However, modern electronics are close to reaching the physical limits for continuing improvements. But 

electrons bear another intrinsic quantum-physical property called "spin," which can be interpreted as a type 

of angular momentum and can be either "up" or "down." While conventional electronic devices do not 

relate to electron spin, spintronics is a field in which the spin of the conducting electrons is crucial. Serious 

improvements in performance and new applications can be attained through spin currents. 

Researchers are still trying to find convenient ways of generating spin currents via material structures that 

possess electrons with desirable spin properties. The Rashba-Bychkov effect (or simply Rashba effect), 

which involves breaking the symmetry of spin-up and spin-down electrons, could potentially be exploited 

for this purpose. Associate Professor Yoshihiro Gohda from Tokyo Institute of Technology and his colleague 

have proposed a new mechanism to generate a spin current without energy loss from a series of 

simulations for new bismuth-adsorbed indium-based quasi-1-D materials that exhibit a giant Rashba effect. 

"Our mechanism is suitable for spintronic applications, having the advantage that it does not require 

an external magnetic field to generate nondissipative spin current," explains Gohda. This advantage would 

simplify potential spintronic devices and would allow for further miniaturization. 

The researchers conducted simulations based on these materials to demonstrate that their Rashba effect 

can be large and only requires applying a certain voltage to generate spin currents. By comparing the 

Rashba properties of multiple variations of these materials, they provided explanations for the observed 

differences in the materials' spin properties and a guide for further materials exploration. 

This type of research is very important as radically new technologies are required if we intend to further 

improve electronic devices and go beyond their current physical limits. "Our study should be important for 

energy-efficient spintronic applications and stimulating further exploration of different 1-D Rashba 

systems," concludes Gohda. From faster memories to quantum computers, the benefits of better 

understanding and exploiting Rashba systems will certainly have enormous implications. [32] 
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Physicists practice 'spin control' to improve information processing 
Currently, information-processing tools like computers and cell phones rely on electron charge to operate. 

A team of UC San Diego physicists, however, seeks alternative systems of faster, more energy-efficient 

signal processing. They do this by using "excitons," electrically neutral quasiparticles that exist in insulators, 

semiconductors and in some liquids. And their latest study of excitonic spin dynamics shows functional 

promise for our future devices. 

In their research, Professor Leonid Butov and recent physics Ph.D. graduate Jason Leonard, applied indirect 

excitons (IXs)—specially designed quasiparticles in a layered semiconductor structure—in Bose-Einstein 

condensate form. With this condensate of IXs, the scientists discovered that the IXs' spin coherence was 

conserved when they traveled over long distance, proving hopeful for more energy-efficient signal 

processing in the future. The study's results also presented a way to achieve long-range spin coherence—

necessary for efficient and speedy circuits using spin transfer. Their findings were published recently 

in Nature Communications. 

"We measured the exciton phase acquired due to coherent spin precession and observed long-range 

coherent spin transport in IX condensate," explained Butov. "Long-range spin transport can be explored for 

the development of new signal processing based on spins." 

Using a specially crafted optical dilution refrigerator set at a very low temperature—0.1 Kelvin or 459.50 F 

below zero—Butov and his team transformed the IX gas to a condensate by the frigid temperature to 

achieve spin coherence at the range of 10 micrometers, a range conducive to the development of high-

functioning devices exploring spin transfer. 
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Optical dilution refrigerator for low-temperature experiments at UC San Diego. Credit: Michelle Fredricks 

"We started the project trying to explain a quantum phase shift and ended up with a practical observation 

of spin transport," noted Leonard. 

While this experiment demonstrated one of the capabilities of IX spin coherence at cryogenic temperatures, 

Butov's previous study showed that IXs can exist in semiconductors at room temperature—an important 

step toward practical application. [31] 

 

 

 

A spin trio for strong coupling  
To make qubits for quantum computers less susceptible to noise, the spin of an electron or some other 

particle is preferentially used. Researchers at ETH Zurich have now developed a method that makes it 

possible to couple such a spin qubit strongly to microwave photons. 

Quantum computers use quantum bits or "qubits" to do their calculations – quantum states, that is, of 

atoms or electrons that can take on the logical values "0" and "1" at the same time. In order to wire up 

many such qubits to make a powerful quantum computer, one needs to couple them to each other over 
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distances of millimetres or even several metres. One way of achieving this is by exploiting the charge 

displacement caused by an electromagnetic wave, which is the working principle of an antenna. Such a 

coupling, however, also exposes the qubit to disturbances due to unwanted electric fields, which severely 

limits the quality of the logical qubit operations. 

A team of scientists working in several research groups at ETH Zurich, assisted by theoretical physicists at 

Sherbrooke University in Canada, have now demonstrated how this problem can be avoided. To do so, they 

found a way to couple a microwave photon to a spin qubit in a quantum dot. 

Qubits with charge or spin 

In quantum dots, electrons are first trapped in semiconductor structures measuring just a few nanometres 

that are cooled to less than one degree above the absolute zero of the temperature scale. The logical values 

0 and 1 can now be realized in two different ways. One either defines a qubit in terms of the position of the 

electron on the right or left side of a double quantum dot, or else by the spin of the electron, which can 

point up or down. 

The first case is called a charge qubit, which couples strongly to electromagnetic waves through the 

displacement of electric charge. A spin qubit, on the other hand, can be visualized as a tiny compass needle 

that points up or down. Much like a compass needle, a spin is also magnetic and, therefore, does not couple 

to electric but rather to magnetic fields. The coupling of a spin qubit to the magnetic part of 

electromagnetic waves, however, is much weaker than that of a charge qubit to the electric part. 

Three spins for stronger coupling 

This means that, on the one hand, a spin qubit is less susceptible to noise and keeps its coherence (on which 

the action of a quantum computer is based) for a longer period of time. On the other hand, it is 

considerably more difficult to couple spin qubits to each other over long distances using photons. The 

research group of ETH professor Klaus Ensslin uses a trick to make such a coupling possible nevertheless, as 

the post-doc Jonne Koski explains: "By realising the qubit with not just a single spin, but rather three of 

them, we can combine the advantages of a spin qubit with those of a charge qubit." 

In practice, this is done by producing three quantum dots on a semiconductor chip that are close to each 

other and can be controlled by voltages that are applied through tiny wires. In each of the quantum dots, 

electrons with spins pointing up or down can be trapped. Additionally, one of the wires connects the spin 

trio to a microwave resonator. The voltages at the quantum dots are now adjusted in order to have a single 

electron in each quantum dot, with the spins of two of the electrons pointing in the same direction and the 

third spin pointing in the opposite direction. 

Charge displacement through tunnelling 

According to the rules of quantum mechanics, the electrons can also tunnel back and forth between the 

quantum dots with a certain probability. This means that two of the three electrons can temporarily 

happen to be in the same quantum dot, with one quantum dot remaining empty. In this constellation the 

electric charge is now unevenly distributed. This charge displacement, in turn, gives rise to an electric dipole 

that can couple strongly to the electric field of a microwave photon. 

The scientists at ETH were able to clearly detect the strong coupling by measuring the resonance frequency 

of the microwave resonator. They observed how the resonance of the resonator split into two because of 
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the coupling to the spin trio. From that data they could infer that the coherence of the spin qubit remained 

intact for more than 10 nanoseconds. 

Spin trios for a quantum bus 

The researchers are confident that it will soon be possible to realize a communication channel for quantum 

information between two spin qubits using this technology. "This will require us to put spin trios on either 

end of the microwave resonator and to show that the qubits are then coupled to each other through a 

microwave photon", says Andreas Landig, first author of the article and Ph.D. student in Ensslin's group. 

This would be an important step towards a network of spatially distributed spin qubits. The researchers also 

emphasize that their method is very versatile and can straightforwardly be applied to other materials such 

as graphene. [30] 

 

 

 

Synopsis: Quantum Dots Serve Entangled Photons on Demand  
Quantum dots that emit entangled photon pairs on demand could be used in quantum communication 

networks. 

 

D. Huber and C. Schimpf/Johannes Kepler University 

Quantum communication and computing protocols require sources of photons whose quantum states are 

highly correlated, or “entangled.” Sources of photon pairs with exceptional degrees of entanglement exist, 

but they cannot emit such photons on demand. Now, Daniel Huber at Johannes Kepler University, Austria, 

and colleagues have demonstrated a source of on-demand entangled photon pairs based on nanostructures 

of semiconducting material known as quantum dots. 

State-of-the-art entangled photon sources are based on a process called parametric down-conversion, 

which converts an input photon into a pair of entangled photons. Such sources, however, emit entangled 

photons at random times. In contrast, quantum dots can produce entangled photon pairs on demand. But 

usually the pairs they produce aren’t perfectly entangled because of decoherence of the dot’s quantum 



 

 

states. A particularly detrimental decoherence mechanism is due to an effect known as fine-structure 

splitting, which spoils the entanglement by scrambling the relative phase of the two emitted photons. 

Huber et al. solved this problem with a piezoelectric device that, by applying strain to a GaAs quantum dot, 

modifies the symmetry of the potential that confines the electrons and holes within the dot, thereby 

erasing the fine-structure splitting. In experiments, the team found a level of entanglement between 

emitted photons that was 10% higher than the best quantum-dot sources previously reported and almost 

on par with that of parametric-conversion sources. These new sources, which are encased in micrometer-

thin membranes, could easily be incorporated in integrated photonic circuits. 

This research is published in Physical Review Letters. [29] 

 

 

Scientists demonstrate coherent coupling between a quantum dot and a 

donor atom in silicon  
Quantum computers could tackle problems that current supercomputers can't. Quantum computers rely on 

quantum bits, or "qubits." Current computers perform millions of calculations, one after the other. Qubit 

coupling allows quantum computers to perform them all at the same time. Qubits could store the data that 

add up to bank accounts and medical records. In an unusual twist, qubits represent data by the binary state 

of electron spins. Two systems existed to create qubits. Researchers successfully integrated the systems—

donor atoms and quantum dots. The new qubits don't let the spins, and hence the data, degrade. 

Specifically, the bits demonstrate coherent coupling of the electron spins. This hybrid approach, which has 

remained elusive until now, exploits the advantages of the two qubit systems. 

For almost two decades, scientists have created theoretical proposals of such a hybrid qubit (donor qubit) 

architecture. Now, researchers have made an important step toward the practical realization of silicon 

qubits. Silicon matters. Why? It is the same material used today in our personal computers. The 

manufacturing process for qubits could fit within today's manufacturing and computing technologies. 

Qubits form the basis of quantum computation. Building a practical quantum computer demands two 

important features: the maintenance of coherent quantum states and the assembly of qubits. Coherence 

can be thought of as an ideal property of the interacting wavefunctions that describe particles. Silicon is an 

appealing qubit material as it provides an environment that minimizes quantum decoherence. Additionally, 

there is already infrastructure in place for building silicon devices. However, the second critical 

requirement—assembling the qubits—has proven immensely challenging. Donor atoms must be embedded 

in silicon in such a way that their interactions can be controlled. Achieving this demands extreme precision. 

A collaboration between scientists from Canada, Sandia National Laboratories, and the Center for 

Integrated Nanotechnologies has uncovered an alternative to this donor coupling arrangement—by using 

quantum dots (QDs). In a cornerstone advance, the researchers demonstrated coherent coupling of the 

electron from a phosphorus donor atom and an electron of a metal-oxide semiconductor QD. This approach 

is advantageous. It does not require the extreme degree of placement accuracy as donor coupling. The 

electronic states of this system are controlled by the nuclear spin of the donor atom, providing a simple 

integrated method for interacting with the qubit. Thus, there is no need to use additional micromagnets or 

QDs. [28] 
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Quantum dots enable faster, easier photon detection, more secure data 
A team of researchers including U of A engineering and physics faculty has developed a new method of 

detecting single photons, or light particles, using quantum dots. 

Single photon detection is a key element to enable use of quantum information, a method of 

transferring information that is much faster and more secure than current methods. This technology has 

other applications as well, including biological and medical imaging, spectroscopy, and astronomical 

observation. 

Shui-Qing "Fisher" Yu, associate professor of electrical engineering; Greg Salamo, distinguished professor of 

physics; and Yang Zhang, a post-doctoral fellow in electrical engineering at the time, worked with 

colleagues from Dartmouth and the University of Wisconsin on this research, which was recently published 

by ACS Photonics. 

Quantum information uses different quantum states of particles, such as polarization or phase, to encode 

information. Because quantum information is not limited to the ones and zeroes used to encode digital 

information, this technology can transfer a large amount of information very securely. 

Since quantum information can be transmitted using an infinite variety of quantum states, the sender and 

receiver must both agree on which state they are using to encode and interpret the data. An outsider 

intercepting the signal would have little way of reading it without this knowledge. 

A photon is a quantum of light. When a photon enters a detector in a quantum information system, its 

energy is transferred to an electron and this results in a current or a voltage. This effect is so small, though, 

that it is difficult to detect. Other designs for photon detectors solve this problem by using a device called 

an avalanche photodiode to amplify the current or voltage, but this approach tends to add delays to the 

detection and increases background noise. 

The new approach created and modeled by these researchers uses a quantum dot, which is a 

semiconductor nanoscale particle, to detect single photons. Compared to other methods, the change in 

voltage caused by a single photon in this detector is large, with a low background noise level. 

Yu compared this to adding a drop of water to a container. "If you put one drop of water in a large tank, 

that change is hard to see," he said. "But if you put a drop of water into a very small container, you can see 

the change more easily." In the researchers' design, the electron is in a small container – the quantum dot. 

The researchers have used computer models to demonstrate that their design can detect single 

photons more accurately than existing technologies. [27] 
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Assessing quantum dot photoemissions  
Recent research from Kumamoto University in Japan has revealed that polyoxometalates (POMs), typically 

used for catalysis, electrochemistry, and photochemistry, may also be used in a technique for analyzing 

quantum dot (QD) photoluminescence (PL) emission mechanisms. 

Quantum dots (QDs) are small, semiconducting nanocrystals or particles typically between two to ten 

nanometers in size. Discovered almost 40 years ago, their strong photoluminescent properties are a 

function of their size and shape making them useful for optical applications ranging from bioimaging to light 

emitting diodes. Advances in high-quality QD research in the last ten years has produced highly 

luminescent but somewhat unstable QDs that also, unfortunately, use toxic or rare elements. Efforts to 

create stable QDs without these toxic or expensive elements has been a driving force in recent research. 

To address these issues, researchers have been investigating how to change the size, morphology, and PL of 

tin dioxide (SnO2) to produce cheap, stable, and nontoxic colloidal semiconductor nanocrystals for various 

applications. Interestingly, the optical properties of SnO2 have been found to be effected by defects in both 

the bulk material and the QDs themselves. 

Researchers from Professor Kida's Chemical Engineering Laboratory at Kumamoto University synthesized 

SnO2 QDs using a liquid phase method to produce QDs of various morphologies. The sizes of the QDs were 

controlled by changing the temperature during synthesis. All of the QDs produced a blue PL when exposed 

to UV light (370 nm) and QDs 2 nm in size produced the best intensity. To examine the PL properties and 

mechanisms related to defects in the synthesized QDs, the researchers used materials (POMs) that quench 

florescence through excited state reactions. 

POMs quenched emissions of the SnO2 QDs at peak intensities (401, 438, and 464 nm) but, to the surprise 

of the researchers, a previously unseen peak at 410 nm was revealed. 

"We believe that the emission at 410 nm is caused by a bulk defect, which cannot be covered by POMs, 

that causes what is known as radiative recombination—the spontaneous emission of a photon with a 

wavelength related to the released energy," said project leader Professor Tetsuya Kida. "This work has 

shown that our technique is effective in analyzing PL emission mechanisms for QDs. We believe it will be 

highly beneficial for future QD research." [26] 

 

 

 

Quantum dot ring lasers emit colored light  
Researchers have designed a new type of laser called a quantum dot ring laser that emits red, orange, and 

green light. The different colors are emitted from different parts of the quantum dot—red from the core, 

green from the shell, and orange from a combination of both—and can be easily switched by controlling the 

competition between light emission from the core and the shell. 
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The researchers, Boris le Feber, Ferry Prins, Eva De Leo, Freddy T. Rabouw, and David J. Norris, at ETH 

Zurich, Switzerland, have published a paper on the new lasers in a recent issue of Nano Letters. 

The work demonstrates the interesting effects that are possible with lasers based on quantum dots, which 

are nanosized crystal spheres made of semiconducting materials. In these lasers, the quantum dots are 

often coated with shells of a different material. When illuminated, the shells not only emit light of their 

own, but they also channel photoexcited carriers (excitons) to the cores of the quantum dots, which 

enhances the laser's core light emission. 

In order to make quantum dot lasers that can switch between emitting light from only the cores or only the 

shells, the researchers designed a special laser cavity, which is the central part of the laser responsible for 

confining and reflecting light until it becomes highly coherent. Although quantum dot lasers have been 

widely researched, the effect of the laser cavity on quantum dot laser performance has been largely 

unexplored until now. 

In the new study, the scientists fabricated high-quality laser cavities made of arrays of highly structured 

quantum dot rings. The resulting lasers exhibit very high cavity quality factors—almost an order of 

magnitude higher than those of typical quantum dot lasers, which usually have random cavities. 

"We were able to demonstrate a simple fabrication approach that led to high-quality ring cavities that 

allowed us to explore this 'color switching' behavior in a quantum dot laser," Norris, Professor of Materials 

Engineering at ETH Zurich, told Phys.org. "In poor-quality cavities it is unlikely that we would have been able 

to observe this effect." 

The researchers demonstrated that, at low powers, the new lasers emit red light from their cores, whereas 

at higher powers, they emit green light from the shells. At intermediate powers, the light comes from both 

the core and shell, and so appears orange. As the researchers explain, it's possible to completely stifle core 

emission because the core emission takes place on a picosecond timescale, while shell emission occurs on a 

subpicosecond timescale and so can greatly outpace core emission, as long as the laser power is sufficiently 

high. 

In the future, the unique properties of the quantum dot ring lasers may lead to applications in laser 

displays, chemical sensing, and other areas. But before these applications can be realized, the researchers 

plan to further improve the laser's performance. 

"We demonstrate the 'color switching' effect in this work, but the color change occurs at very high powers," 

Norris said. "Further research is required to see if the same effect can occur at more reasonable powers. 

This would be useful for applications. Fortunately, quantum dots continue to improve (in terms of their 

performance for lasers), and we can immediately apply these improvements to our devices." [25] 

 

Sensing with a twist: A new kind of optical nanosensor uses torque for 

signal processing  
The world of nanosensors may be physically small, but the demand is large and growing, with little 

sign of slowing. As electronic devices get smaller, their ability to provide precise, chip-based 

sensing of dynamic physical properties such as motion become challenging to develop.  
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An international group of researchers have put a literal twist on this challenge, demonstrating a 

new nanoscale optomechanical resonator that can detect torsional motion at near state-of-the-art 

sensitivity. Their resonator, into which they couple light, also demonstrates torsional frequency 

mixing, a novel ability to impact optical energies using mechanical motions. They report their work 

this week in the journal Applied Physics Letters.  

"With developments of nanotechnology, the ability to measure and control torsional motion at the 

nanoscale can provide a powerful tool to explore nature," said Jianguo Huang from Xi'an Jiaotong 

University in China, one of the work's authors. He is also affiliated with the Nanyang Technological  

University and with the Institute of Microelectronics, A*STAR in Singapore. "We present a novel 

'beam-in-cavity' design in which a torsional mechanical resonator is embedded into a racetrack 

optical cavity, to demonstrate nanoscale torsional motion sensing."  

Light has already been used in somewhat similar ways to detect the mechanical flexing or  

"breathing" of nanomaterials, typically requiring complex and sensitive coupling to the light source. 

This new approach is novel not only in its detection of nanoscale torques, but also in its integrated 

light-coupling design.  

Using a silicon-based nanofabrication method, Huang and his team designed the device to allow 

light to couple directly via an etched grating to a waveguide configuration, called a racetrack cavity, 

in which the nanoresonator sits.  

"As light is coupled into the racetrack cavity through a grating coupler, mechanical torsional motion 

in the cavity alters the propagation of light and changes [the] power of output light," said Huang. 

"By detecting the small variation of output light, the torsional motions can be measured."  

Beyond just detecting torques on their micron-length lever arms, the resonators can also affect the 

resulting optical properties of the incident signal. The torsional frequency of the mechanical system 

mixes with the modulated optical signals.  

"The most surprising part is that when we modulate the input light, we can observe the frequency 

mixing," Huang said. "It is exciting for frequency mixing since it has only been demonstrated by 

flexural or breathing modes before. This is the first demonstration of torsional frequency mixing, 

which may have implications for on-chip RF signal modulation, such as super-heterodyne receivers 

using optical mechanical resonators."  

This is just the start for potential uses of torque-based nanosensors. Theoretically, there are a 

number of frequency tricks these devices could play for signal processing and sensing applications.  

"We will continue to explore unique characters of this torsional optomechanical sensor and try to 

demonstrate novel phenomena, such as inference of dispersive and dissipative optomechanical 

coupling hidden behind the sensing," Huang said. "For engineering, magnetic or electrically-

sensitive materials can be coated on the surface of torsional beams to sense small variations of 

physical fields, such as magnetic or electric fields to serve as multifunctional sensors." [24]  



 

 

First imaging of free nanoparticles in laboratory experiment using a 

high-intensity laser source  
In a joint research project, scientists from the Max Born Institute for Nonlinear Optics and Short 

Pulse Spectroscopy (MBI), the Technische Universität Berlin (TU) and the University of Rostock 

have managed for the first time to image free nanoparticles in a laboratory experiment using a 

highintensity laser source. Previously, the structural analysis of these extremely small objects via 

singleshot diffraction was only possible at large-scale research facilities using so-called XUV and x-

ray free electron lasers. Their pathbreaking results facilitate the highly-efficient characterisation of 

the chemical, optical and structural properties of individual nanoparticles and have just been 

published in Nature Communications. The lead author of the publication is junior researcher Dr 

Daniela Rupp who carried out the project at TU Berlin and is now starting a junior research group 

at MBI.  

In their experiment, the researchers expanded helium gas through a nozzle that is cooled to 

extremely low temperature. The helium gas turns into a superfluid state and forms a beam of 

freely flying miniscule nanodroplets. "We sent ultra-short XUV pulses onto these tiny droplets and 

captured snapshots of these objects by recording the scattered laser light on a large-area detector 

to reconstruct the droplet shape," explains Dr Daniela Rupp.  

"Key to the successful experiment were the high-intensity XUV pulses generated in MBI's laser lab 

that produce detailed scattering patterns with just one single shot," explains Dr Arnaud Rouzée 

from MBI. "By using the so-called wide-angle mode that provides access to the three-dimensional 

morphology, we could identify hitherto unobserved shapes of the superfluid droplets," adds 

Professor Thomas Fennel from MBI and the University of Rostock. The research team's results 

enable a new class of metrology for analysing the structure and optical properties of small 

particles. Thanks to state-of-the-art laser light sources, making images of the tiniest pieces of 

matter is no longer exclusive to the large-scale research facilities. [23]  

Single molecular layer and thin silicon beam enable nanolaser 

operation at room temperature  
For the first time, researchers have built a nanolaser that uses only a single molecular layer, placed 

on a thin silicon beam, which operates at room temperature. The new device, developed by a team 

of researchers from Arizona State University and Tsinghua University, Beijing, China, could 

potentially be used to send information between different points on a single computer chip. The 

lasers also may be useful for other sensing applications in a compact, integrated format.  

"This is the first demonstration of room-temperature operation of a nanolaser made of the 

singlelayer material," said Cun-Zheng Ning, an ASU electrical engineering professor who led the 

research team. Details of the new laser are published in the July online edition of Nature 

Nanotechnology.  

In addition to Ning, key authors of the article, "Room-temperature Continuous-wave Lasing from 

Monolayer Molybdenum Ditelluride Integrated with a Silicon Nanobeam Cavity," include Yongzhuo 

Li, Jianxing Zhang, Dandan Huang from Tsinghua University.  



 

 

Ning said pivotal to the new development is use of materials that can be laid down in single layers 

and efficiently amplify light (lasing action). Single layer nanolasers have been developed before, 

but they all had to be cooled to low temperatures using a cryogen like liquid nitrogen or liquid 

helium. Being able to operate at room temperatures (~77 F) opens up many possibilities for uses of 

these new lasers," Ning said.  

The joint ASU-Tsinghua research team used a monolayer of molybdenum ditelluride integrated 

with a silicon nanobeam cavity for their device. By combining molybdenum ditelluride with silicon, 

which is the bedrock in semiconductor manufacturing and one of the best waveguide materials, 

the researchers were able to achieve lasing action without cooling, Ning said.  

A laser needs two key pieces – a gain medium that produces and amplifies photons, and a cavity 

that confines or traps photons. While such materials choices are easy for large lasers, they become 

more difficult at nanometer scales for nanolasers. Nanolasers are smaller than 100th of the 

thickness of the human hair and are expected to play important roles in future computer chips and 

a variety of light detection and sensing devices.  

The choice of two-dimensional materials and the silicon waveguide enabled the researchers to 

achieve room temperature operation. Excitons in molybdenum telluride emit in a wavelength that 

is transparent to silicon, making silicon possible as a waveguide or cavity material. Precise 

fabrication of the nanobeam cavity with an array of holes etched and the integration of two-

dimensional monolayer materials was also key to the project. Excitons in such monolayer materials 

are 100 times stronger than those in conventional semiconductors, allowing efficient light emission 

at room temperature.  

Because silicon is already used in electronics, especially in computer chips, its use in this 

application is significant in future applications.  

"A laser technology that can also be made on Silicon has been a dream for researchers for 

decades," said Ning. "This technology will eventually allow people to put both electronics and 

photonics on the same silicon platform, greatly simplifying manufacture."  

Silicon does not emit light efficiently and therefore must be combined with other light emitting 

materials. Currently, other semiconductors are used, such as Indium phosphide or Indium Garlium 

Arsenide which are hundreds of times thicker, to bond with silicon for such applications.  

The new monolayer materials combined with Silicon eliminate challenges encountered when 

combining with thicker, dissimilar materials. And, because this non-silicon material is only a single 

layer thick, it is flexible and less likely to crack under stress, according to Ning.  

Looking forward, the team is working on powering their laser with electrical voltage to make the 

system more compact and easy to use, especially for its intended use on computer chips. [22]  



 

 

Computer chip technology repurposed for making reflective 

nanostructures  
A team of engineers at Caltech has discovered how to use computer-chip manufacturing 

technologies to create the kind of reflective materials that make safety vests, running shoes, and 

road signs appear shiny in the dark.  

Those materials owe their shininess to retroreflection, a property that allows them to bounce light 

directly back to its source from a wide variety of angles. In contrast, a basic flat mirror will not 

bounce light back to its source if that light is coming from any angle other than straight on.  

Retroreflectors' ability to return light to where it came from makes them useful for highlighting 

objects that need to be seen in dark conditions. For example, if light from a car's headlights shines 

on the safety vest of a construction worker down the road, the vest's retroreflective strips will 

bounce that light straight back to the car and into the driver's eyes, making the vest appear to 

glow.  

Retroreflectors have also been used in surveyors' equipment, communications with satellites, and 

even in experiments to measure the distance of the moon from Earth.  

Typically, retroreflectors consist of tiny glass spheres embedded in the surface of reflective paint or 

in small mirrors shaped like the inner corner of a cube.  

The new technology—which was developed by a team led by Caltech's Andrei Faraon, assistant 

professor of applied physics and materials science in the Division of Engineering and Applied 

Science—uses surfaces covered by a metamaterial consisting of millions of silicon pillars, each only 

a few hundred nanometers tall. By adjusting the size of the pillars and the spacing between them, 

Faraon can manipulate how the surface reflects, refracts, or transmits light. He has already shown 

that these materials can be tweaked to create flat lenses for focusing light or to create prism-like 

surfaces that spread the light out into its spectrum. Now, he's discovered that he can build a 

retroreflector by stacking two layers of the metamaterials atop one another.  

In this kind of retroreflector, light first passes through a transparent metamaterial layer  

(metasurface) and is focused by its tiny pillars onto a single spot on a reflective metamaterial layer. 

The reflective layer then bounces the light back to the transparent layer, which transmits the light 

back to its source.  

"By placing multiple metasurfaces on top of each other, it is possible to control the flow of light in 

such a way that was not possible before," Faraon says. "The functionality of a retroreflector cannot 

be achieved by using a single metasurface."  

Since Faraon's metamaterials are created using computer-chip manufacturing technologies, it 

would be possible to easily integrate them into chips used in optoelectronic devices—electronics 

that use and control light, he says.  

"This could have applications in communicating with remote sensors, drones, satellites, etc.," he 

adds.  



 

 

Faraon's research appears in a paper in the June 19, 2017, edition of Nature Photonics; the paper is 

titled "Planar metasurface retroreflector." Other coauthors are Amir Arbabi, assistant professor of 

computer and electrical engineering at the University of Massachusetts Amherst; and Caltech 

electrical engineering graduate students Ehsan Arbabi, Yu Horie, and Seyedeh Mahsa Kamali. [21]  

Physicists create nanoscale mirror with only 2000 atoms  
Mirrors are the simplest means to manipulate light propagation. Usually, a mirror is a macroscopic 

object composed of a very large number of atoms. In the September 23th issue of the Physical  

Review Letters, Prof. Julien Laurat and his team at Pierre and Marie Curie University in Paris 

(Laboratoire Kastler Brossel-LKB) report that they have realized an efficient mirror consisting of 

only 2000 atoms. This paper is accompanied by a "Focus" item in APS-Physics.  

By engineering the position of cold atoms trapped around a nanoscale fiber, the researchers fulfill 

the necessary conditions for Bragg reflection, a well-known physical effect first proposed by 

William Lawrence Bragg and his father William Henry Bragg in crystalline solids. They earned the 

Nobel Prize for this work in 1915.   

In the current experiment, each trapped atom contributes with a small reflectance, and the 

engineered position allows the constructive interference of multiple reflections.  

"Only 2000 atoms trapped in the vicinity of the fiber were necessary, while previous 

demonstrations in free space required tens of millions of atoms to get the same reflectance," says 

Neil Corzo, a Marie-Curie postdoctoral fellow and the lead author of this work. He adds, "This is 

due to the strong atom-photon coupling and the atom position control that we can now achieve in 

our system."  

The key ingredient is a nanoscale fiber, whose diameter has been reduced to 400 nm. In this case, a 

large fraction of the light travels outside the fiber in an evanescent field where it is heavily focused 

over the 1-cm nanofiber length. Using this strong transversal confinement, it is possible to trap 

cold cesium atoms near the fiber in well-defined chains. The trapping is made with the 

implementation of an all-fibered dipole trap. With the use of well-chosen pairs of beams, the 

researchers generate two chains of trapping potentials around the fiber, in which only one atom 

occupies each site. By selecting the correct colors of the trap beams, they engineered the distance 

between atoms in the chains to be close to half the resonant wavelength of the cesium atoms, 

fulfilling the necessary conditions for Bragg reflection.  

This setting represents an important step in the emerging field of waveguide quantum 

electrodynamics, with applications in quantum networks, quantum nonlinear optics, and quantum 

simulation. The technique would allow for novel quantum network capabilities and many-body 

effects emerging from long-range interactions between multiple spins, a daunting prospect in free 

space.  

This demonstration follows other works that Laurat's group has done in recent years, including the 

realization of an all-fibered optical memory. [20]  



 

 

For first time, researchers see individual atoms keep away from each 

other or bunch up as pairs  
If you bottle up a gas and try to image its atoms using today's most powerful microscopes, you will 

see little more than a shadowy blur. Atoms zip around at lightning speeds and are difficult to pin 

down at ambient temperatures.  

If, however, these atoms are plunged to ultracold temperatures, they slow to a crawl, and scientists 

can start to study how they can form exotic states of matter, such as superfluids, superconductors, 

and quantum magnets.  

Physicists at MIT have now cooled a gas of potassium atoms to several nanokelvins—just a hair 

above absolute zero—and trapped the atoms within a two-dimensional sheet of an optical lattice 

created by crisscrossing lasers. Using a high-resolution microscope, the researchers took images of 

the cooled atoms residing in the lattice.  

By looking at correlations between the atoms' positions in hundreds of such images, the team 

observed individual atoms interacting in some rather peculiar ways, based on their position in the 

lattice. Some atoms exhibited "antisocial" behavior and kept away from each other, while some 

bunched together with alternating magnetic orientations. Others appeared to piggyback on each 

other, creating pairs of atoms next to empty spaces, or holes.  

The team believes that these spatial correlations may shed light on the origins of superconducting 

behavior. Superconductors are remarkable materials in which electrons pair up and travel without 

friction, meaning that no energy is lost in the journey. If superconductors can be designed to exist 

at room temperature, they could initiate an entirely new, incredibly efficient era for anything that 

relies on electrical power.  

Martin Zwierlein, professor of physics and principal investigator at MIT's NSF Center for Ultracold 

Atoms and at its Research Laboratory of Electronics, says his team's results and experimental setup 

can help scientists identify ideal conditions for inducing superconductivity.  

"Learning from this atomic model, we can understand what's really going on in these 

superconductors, and what one should do to make higher-temperature superconductors, 

approaching hopefully room temperature," Zwierlein says.  

Zwierlein and his colleagues' results appear in the Sept. 16 issue of the journal Science. Co-authors 

include experimentalists from the MIT-Harvard Center for Ultracold Atoms, MIT's Research 

Laboratory of Electronics, and two theory groups from San Jose State University, Ohio State 

University, the University of Rio de Janeiro, and Penn State University.  

"Atoms as stand-ins for electrons"  

Today, it is impossible to model the behavior of high-temperature superconductors, even using the 

most powerful computers in the world, as the interactions between electrons are very strong. 

Zwierlein and his team sought instead to design a "quantum simulator," using atoms in a gas as 

stand-ins for electrons in a superconducting solid.  



 

 

The group based its rationale on several historical lines of reasoning: First, in 1925 Austrian 

physicist Wolfgang Pauli formulated what is now called the Pauli exclusion principle, which states 

that no two electrons may occupy the same quantum state—such as spin, or position—at the same 

time. Pauli also postulated that electrons maintain a certain sphere of personal space, known as 

the "Pauli hole."  

His theory turned out to explain the periodic table of elements: Different configurations of 

electrons give rise to specific elements, making carbon atoms, for instance, distinct from hydrogen 

atoms.  

The Italian physicist Enrico Fermi soon realized that this same principle could be applied not just to 

electrons, but also to atoms in a gas: The extent to which atoms like to keep to themselves can 

define the properties, such as compressibility, of a gas.  

"He also realized these gases at low temperatures would behave in peculiar ways," Zwierlein says.  

British physicist John Hubbard then incorporated Pauli's principle in a theory that is now known as 

the Fermi-Hubbard model, which is the simplest model of interacting atoms, hopping across a 

lattice. Today, the model is thought to explain the basis for superconductivity. And while theorists 

have been able to use the model to calculate the behavior of superconducting electrons, they have 

only been able to do so in situations where the electrons interact weakly with each other.  

"That's a big reason why we don't understand high-temperature superconductors, where the 

electrons are very strongly interacting," Zwierlein says. "There's no classical computer in the world 

that can calculate what will happen at very low temperatures to interacting [electrons]. Their 

spatial correlations have also never been observed in situ, because no one has a microscope to 

look at every single electron."  

Carving out personal space  

Zwierlein's team sought to design an experiment to realize the Fermi-Hubbard model with atoms, 

in hopes of seeing behavior of ultracold atoms analogous to that of electrons in high-temperature 

superconductors.  

The group had previously designed an experimental protocol to first cool a gas of atoms to near 

absolute zero, then trap them in a two-dimensional plane of a laser-generated lattice. At such 

ultracold temperatures, the atoms slowed down enough for researchers to capture them in images 

for the first time, as they interacted across the lattice.  

At the edges of the lattice, where the gas was more dilute, the researchers observed atoms 

forming Pauli holes, maintaining a certain amount of personal space within the lattice.  

"They carve out a little space for themselves where it's very unlikely to find a second guy inside 

that space," Zwierlein says.  

Where the gas was more compressed, the team observed something unexpected: Atoms were 

more amenable to having close neighbors, and were in fact very tightly bunched. These atoms 

exhibited alternating magnetic orientations.  



 

 

"These are beautiful, antiferromagnetic correlations, with a checkerboard pattern—up, down, up, 

down," Zwierlein describes.  

At the same time, these atoms were found to often hop on top of one another, creating a pair of 

atoms next to an empty lattice square. This, Zwierlein says, is reminiscent of a mechanism 

proposed for high-temperature superconductivity, in which electron pairs resonating between 

adjacent lattice sites can zip through the material without friction if there is just the right amount 

of empty space to let them through.  

Ultimately, he says the team's experiments in gases can help scientists identify ideal conditions for 

superconductivity to arise in solids.  

Zwierlein explains: "For us, these effects occur at nanokelvin because we are working with dilute 

atomic gases. If you have a dense piece of matter, these same effects may well happen at room 

temperature."  

Currently, the team has been able to achieve ultracold temperatures in gases that are equivalent to 

hundreds of kelvins in solids. To induce superconductivity, Zwierlein says the group will have to 

cool their gases by another factor of five or so.  

"We haven't played all of our tricks yet, so we think we can get colder," he says. [19]  

Researchers have created quantum states of light whose noise level has 

been “squeezed” to a record low  
Squeezed quantum states of light can have better noise properties than those imposed by classical 

limits set by shot noise. Such states might help researchers boost the sensitivity of 

gravitationalwave (GW) detectors or design more practical quantum information schemes. A team 

of researchers at the Institute for Gravitational Physics at the Leibniz University of Hanover, 

Germany, has now demonstrated a method for squeezing noise to record low levels. The new 

approach—compatible with the laser interferometers used in GW detectors—may lead to 

technologies for upgrading LIGO and similar observatories.  

Squeezed light is typically generated in nonlinear crystals, in which one pump photon produces two 

daughter photons. Because the two photons are generated in the same quantum process, they 

exhibit correlations that can be exploited to reduce noise in measuring setups. Quantum squeezing 

can, in principle, reduce noise to arbitrarily low levels. But in practice, photon losses and detector 

noise limit the maximum achievable squeezing. The previous record was demonstrated by the 

Hanover team, who used a scheme featuring amplitude fluctuations that were about a factor of 19 

lower than those expected from classical noise (12.7 dB of squeezing).  

In their new work, the researchers bested themselves by increasing this factor to 32 (15 dB of 

squeezing), using a light-squeezing scheme with low optical losses and minimal fluctuations in the 

phase of the readout scheme. The squeezed states are obtained at 1064 nm, the laser wavelength 

feeding the interferometers of all current GW observatories.  

This research is published in Physical Review Letters. [18]  



 

 

Liquid Light with a Whirl  
An elliptical light beam in a nonlinear optical medium pumped by “twisted light” can rotate like an 

electron around a magnetic field.   

Magnetism and rotation have a lot in common. The effect of a magnetic field on a moving charge, 

the Lorentz force, is formally equivalent to the fictitious force felt by a moving mass in a rotating 

reference frame, the Coriolis force. For this reason, atomic quantum gases under rotation can be 

used as quantum simulators of exotic magnetic phenomena for electrons, such as the fractional 

quantum Hall effect. But there is no direct equivalent of magnetism for photons, which are 

massless and chargeless. Now, Niclas Westerberg and co-workers at Heriot-Watt University, UK, 

have shown how to make synthetic magnetic fields for light. They developed a theory that predicts 

how a light beam in a nonlinear optical medium pumped by “twisted light” will rotate as it 

propagates, just as an electron will whirl around in a magnetic field. More than that, the light will 

expand as it goes, demonstrating fluid-like behavior. We can expect synthetic magnetism for light 

to bring big insights into magnetism in other systems, as well as some beautiful images.  

The idea that light can behave like a fluid and, even more interestingly, a superfluid (a fluid with 

zero viscosity), goes back at least to the 1990s. The analogy comes about because Maxwell’s 

equations for nearly collimated light in a nonlinear medium look like the Schrödinger equation for 

a superfluid of matter, modified to include particle interactions. Fluids of light, or photon fluids, 

propagating in bulk nonlinear media show a range of fluid and superfluid behavior, such as free 

expansion and shock waves. In microcavities, fluids of light can be strongly coupled to matter, such 

as semiconductor electron-hole pairs, to make hybrid entities known as polariton condensates. 

These condensates can exhibit quantized vortices, which are characteristic of superfluidity. Despite 

these impressive advances, it has proven difficult to induce the strong bulk rotation required for 

phenomena such as the quantum Hall effect to show up in photon fluids, hence the need for 

synthetic magnetism.  

The concept of synthetic magnetism is borrowed from ultracold atoms. With atoms, it is 

experimentally unfeasible to reach a regime of rapid rotation corresponding to a large magnetic 

field, not least because the traps that confine the atoms are unable to provide the centripetal force 

to stop them from flying out. Instead, it is possible to take advantage of the fact that atoms have 

multiple internal states. These can be used to generate geometric phases, as opposed to dynamic 

phases (which can be imposed by any forces, whatever the structure of the internal states may be). 

A geometric phase, otherwise known as a Berry phase, arises when a system’s internal states (for 

example, its spin) smoothly follow the variations of an external field, so that its phase depends on 

which path it takes between two external states (for example, two positions of the system), even if 

the paths have the same energy. In atomic systems, the variations of the external field in position 

are achieved with phase or amplitude structures of the electromagnetic field of laser light. These 

variations can be engineered to produce the rotational equivalent of the vector potential for a 

magnetic field on a charged particle, inducing strong bulk rotation that shows up as many vortices 

in a superfluid Bose-Einstein condensate.  

To produce a geometric phase in a fluid of light, Westerberg and colleagues considered light with 

two coupled internal states—a spinor photon fluid. They studied two types of nonlinear media, 

with second- and third-order optical nonlinearities, respectively. The second-order nonlinearity 



 

 

comes in the form of mixing of three fields in a birefringent crystal, in which one field, the pump 

light field, splits into two further fields with orthogonal polarizations, these being the two required 

internal states of the spinor fluid. Slow spatial variations of the strong pump field generate a 

synthetic vector potential that is equivalent to a magnetic field for electric charges or rotation for 

atoms.  

The third-order optical nonlinearity occurs in a medium with a refractive index that depends on the 

intensity of light. The spinor photon fluid in this case consists of weak fluctuations around a strong 

light field that carries orbital angular momentum (colloquially known as twisted light). The two 

internal states of the fluid are distinguished by their differing orbital angular momentum. The 

resulting vector potential produces synthetic magnetism, much as with the second-order 

nonlinearity.   

Coincidentally, for the medium with a second-order nonlinearity, Westerberg and co-workers also 

propose using twisted light.  

The authors present numerical simulations for both types of nonlinearity. For the second-order 

nonlinear medium, they show that an elliptical light beam in a synthetic magnetic field rotates 

about its propagation axis and expands as it propagates (Fig 1). The expansion shows that the light 

is behaving as a fluid in rotation. For the third-order nonlinear medium there is a trapped vortex 

that causes the beam to rotate, which is akin to cyclotron motion of a charge in a magnetic field. 

Short of spinning the medium extremely rapidly [9], it is not obvious how one could otherwise 

make a beam continuously rotate as it propagates.  

Westerberg and colleagues’ work makes important connections between several disparate topics: 

nonlinear optics, atomic physics, geometric phases, and light with orbital angular momentum. 

Spinor photon fluids in themselves are a new development. The complete state of a photon fluid—

its amplitude, phase, and polarization—can be mapped out; this is not possible for atoms or 

electrons. Some of the authors of the present study have recently experimentally driven photon 

fluids past obstacles in ways that are hard to achieve for atoms, and obtained evidence for 

superfluidity through the phase of the photon fluid [10]—evidence that cannot be obtained for 

electronic magnetism. Furthermore, they have also made photon fluids that have nonlocal 

interactions, via thermal effects. Generalizing synthetic magnetism to nonlocal fluids of light will 

enlighten us about magnetism and rotation in solid-state and atomic superfluids. Experimental 

implementation will surely follow hot on the heels of this proposal. [17]  

Physicists discover a new form of light  
Physicists from Trinity College Dublin's School of Physics and the CRANN Institute, Trinity College, 

have discovered a new form of light, which will impact our understanding of the fundamental 

nature of light.  

One of the measurable characteristics of a beam of light is known as angular momentum. Until 

now, it was thought that in all forms of light the angular momentum would be a multiple of 

Planck's constant (the physical constant that sets the scale of quantum effects).  



 

 

Now, recent PhD graduate Kyle Ballantine and Professor Paul Eastham, both from Trinity College 

Dublin's School of Physics, along with Professor John Donegan from CRANN, have demonstrated a 

new form of light where the angular momentum of each photon (a particle of visible light) takes 

only half of this value. This difference, though small, is profound. These results were recently 

published in the online journal Science Advances.  

Commenting on their work, Assistant Professor Paul Eastham said: "We're interested in finding out 

how we can change the way light behaves, and how that could be useful. What I think is so exciting 

about this result is that even this fundamental property of light, that physicists have always 

thought was fixed, can be changed."  

Professor John Donegan said: "My research focuses on nanophotonics, which is the study of the 

behaviour of light on the nanometer scale. A beam of light is characterised by its colour or 

wavelength and a less familiar quantity known as angular momentum. Angular momentum 

measures how much something is rotating. For a beam of light, although travelling in a straight line 

it can also be rotating around its own axis. So when light from the mirror hits your eye in the 

morning, every photon twists your eye a little, one way or another."  

"Our discovery will have real impacts for the study of light waves in areas such as secure optical 

communications."  

Professor Stefano Sanvito, Director of CRANN, said: "The topic of light has always been one of 

interest to physicists, while also being documented as one of the areas of physics that is best 

understood. This discovery is a breakthrough for the world of physics and science alike. I am 

delighted to once again see CRANN and Physics in Trinity producing fundamental scientific research 

that challenges our understanding of light."  

To make this discovery, the team involved used an effect discovered in the same institution almost  

200 years before. In the 1830s, mathematician William Rowan Hamilton and physicist Humphrey 

Lloyd found that, upon passing through certain crystals, a ray of light became a hollow cylinder. 

The team used this phenomenon to generate beams of light with a screw-like structure.  

Analyzing these beams within the theory of quantum mechanics they predicted that the angular 

momentum of the photon would be half-integer, and devised an experiment to test their 

prediction. Using a specially constructed device they were able to measure the flow of angular 

momentum in a beam of light. They were also able, for the first time, to measure the variations in 

this flow caused by quantum effects. The experiments revealed a tiny shift, one-half of Planck's 

constant, in the angular momentum of each photon.  

Theoretical physicists since the 1980s have speculated how quantum mechanics works for particles 

that are free to move in only two of the three dimensions of space. They discovered that this 

would enable strange new possibilities, including particles whose quantum numbers were fractions 

of those expected. This work shows, for the first time, that these speculations can be realised with 

light. [16]  



 

 

Novel metasurface revolutionizes ubiquitous scientific tool  
Light from an optical fiber illuminates the metasurface, is scattered in four different directions, and 

the intensities are measured by the four detectors. From this measurement the state of 

polarization of light is detected.  

What do astrophysics, telecommunications and pharmacology have in common? Each of these 

fields relies on polarimeters—instruments that detect the direction of the oscillation of 

electromagnetic waves, otherwise known as the polarization of light.  

Even though the human eye isn't particularly sensitive to polarization, it is a fundamental property 

of light. When light is reflected or scattered off an object, its polarization changes and measuring 

that change reveals a lot of information. Astrophysicists, for example, use polarization 

measurements to analyze the surface of distant, or to map the giant magnetic fields spanning our 

galaxy. Drug manufacturers use the polarization of scattered light to determine the chirality and 

concentration of drug molecules. In telecommunications, polarization is used to carry information 

through the vast network of fiber optic cables. From medical diagnostics to high-tech 

manufacturing to the food industry, measuring polarization reveals critical data.  

Scientists rely on polarimeters to make these measurements. While ubiquitous, many polarimeters 

currently in use are slow, bulky and expensive.  

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

Innovation Center Iceland have built a polarimeter on a microchip, revolutionizing the design of 

this widely used scientific tool.  

"We have taken an instrument that is can reach the size of a lab bench and shrunk it down to the 

size of a chip," said Federico Capasso, the Robert L. Wallace Professor of Applied Physics and 

Vinton Hayes Senior Research Fellow in Electrical Engineering, who led the research. "Having a 

microchip polarimeter will make polarization measurements available for the first time to a much 

broader range of applications, including in energy-efficient, portable devices."  

"Taking advantage of integrated circuit technology and nanophotonics, the new device promises 

high-performance polarization measurements at a fraction of the cost and size," said J. P. Balthasar 

Mueller, a graduate student in the Capasso lab and first author of the paper.  

The device is described in the journal Optica. Harvard's Office of Technology Development has filed 

a patent application and is actively exploring commercial opportunities for the technology.  

Capasso's team was able to drastically reduce the complexity and size of polarimeters by building a 

two-dimensional metasurface—a nanoscale structure that interacts with light. The metasurface is 

covered with a thin array of metallic antennas, smaller than a wavelength of light, embedded in a 

polymer film. As light propagates down an optical fiber and illuminates the array, a small amount 

scatters in four directions. Four detectors measure the intensity of the scattered light and combine 

to give the state of polarization in real time.  

"One advantage of this technique is that the polarization measurement leaves the signal mostly 

intact," said Mueller. "This is crucial for many uses of polarimeters, especially in optical 

telecommunications, where measurements must be made without disturbing the data stream."  



 

 

In telecommunications, optical signals propagating through fibers will change their polarization in 

random ways. New integrated photonic chips in fiber optic cables are extremely sensitive to 

polarization, and if light reaches a chip with the wrong polarization, it can cause a loss of signal.  

"The design of the antenna array make it robust and insensitive to the inaccuracies in the 

fabrication process, which is ideal for large scale manufacturing," said Kristjan Leosson, senior 

researcher and division manager at the Innovation Center and coauthor of the paper.  

Leosson's team in Iceland is currently working on incorporating the metasurface design from the 

Capasso group into a prototype polarimeter instrument.  

Chip-based polarimeters could for the first time provide comprehensive and real-time polarization 

monitoring, which could boost network performance and security and help providers keep up with 

the exploding demand for bandwidth.  

"This device performs as well as any state-of-the-art polarimeter on the market but is considerably 

smaller," said Capasso. "A portable, compact polarimeter could become an important tool for not 

only the telecommunications industry but also in drug manufacturing, medical imaging, chemistry, 

astronomy, you name it. The applications are endless." [15]  

New nanodevice shifts light's color at single-photon level  
Converting a single photon from one color, or frequency, to another is an essential tool in quantum 

communication, which harnesses the subtle correlations between the subatomic properties of 

photons (particles of light) to securely store and transmit information. Scientists at the National 

Institute of Standards and Technology (NIST) have now developed a miniaturized version of a 

frequency converter, using technology similar to that used to make computer chips.  

The tiny device, which promises to help improve the security and increase the distance over which 

next-generation quantum communication systems operate, can be tailored for a wide variety of 

uses, enables easy integration with other information-processing elements and can be mass 

produced.  

The new nanoscale optical frequency converter efficiently converts photons from one frequency to 

the other while consuming only a small amount of power and adding a very low level of noise, 

namely background light not associated with the incoming signal.  

Frequency converters are essential for addressing two problems. The frequencies at which 

quantum systems optimally generate and store information are typically much higher than the 

frequencies required to transmit that information over kilometer-scale distances in optical fibers. 

Converting the photons between these frequencies requires a shift of hundreds of terahertz (one 

terahertz is a trillion wave cycles per second).  

A much smaller, but still critical, frequency mismatch arises when two quantum systems that are 

intended to be identical have small variations in shape and composition. These variations cause the 

systems to generate photons that differ slightly in frequency instead of being exact replicas, which 

the quantum communication network may require.  



 

 

The new photon frequency converter, an example of nanophotonic engineering, addresses both 

issues, Qing Li, Marcelo Davanço and Kartik Srinivasan write in Nature Photonics. The key 

component of the chip-integrated device is a tiny ring-shaped resonator, about 80 micrometers in 

diameter (slightly less than the width of a human hair) and a few tenths of a micrometer in 

thickness. The shape and dimensions of the ring, which is made of silicon nitride, are chosen to 

enhance the inherent properties of the material in converting light from one frequency to another. 

The ring resonator is driven by two pump lasers, each operating at a separate frequency. In a 

scheme known as four-wave-mixing Bragg scattering, a photon entering the ring is shifted in 

frequency by an amount equal to the difference in frequencies of the two pump lasers.  

Like cycling around a racetrack, incoming light circulates around the resonator hundreds of times 

before exiting, greatly enhancing the device's ability to shift the photon's frequency at low power 

and with low background noise. Rather than using a few watts of power, as typical in previous 

experiments, the system consumes only about a hundredth of that amount. Importantly, the 

added amount of noise is low enough for future experiments using single-photon sources.  

While other technologies have been applied to frequency conversion, "nanophotonics has the 

benefit of potentially enabling the devices to be much smaller, easier to customize, lower power, 

and compatible with batch fabrication technology," said Srinivasan. "Our work is a first 

demonstration of a nanophotonic technology suitable for this demanding task of quantum 

frequency conversion." [14]  

Quantum dots enhance light-to-current conversion in layered 

semiconductors  
Harnessing the power of the sun and creating light-harvesting or light-sensing devices requires a 

material that both absorbs light efficiently and converts the energy to highly mobile electrical 

current. Finding the ideal mix of properties in a single material is a challenge, so scientists have 

been experimenting with ways to combine different materials to create "hybrids" with enhanced 

features.  

In two just-published papers, scientists from the U.S. Department of Energy's Brookhaven National 

Laboratory, Stony Brook University, and the University of Nebraska describe one such approach 

that combines the excellent light-harvesting properties of quantum dots with the tunable electrical 

conductivity of a layered tin disulfide semiconductor. The hybrid material exhibited enhanced 

lightharvesting properties through the absorption of light by the quantum dots and their energy 

transfer to tin disulfide, both in laboratory tests and when incorporated into electronic devices. 

The research paves the way for using these materials in optoelectronic applications such as energy-

harvesting photovoltaics, light sensors, and light emitting diodes (LEDs).  

According to Mircea Cotlet, the physical chemist who led this work at Brookhaven Lab's Center for 

Functional Nanomaterials (CFN), a DOE Office of Science User Facility, "Two-dimensional metal 

dichalcogenides like tin disulfide have some promising properties for solar energy conversion and 

photodetector applications, including a high surface-to-volume aspect ratio. But no 

semiconducting material has it all. These materials are very thin and they are poor light absorbers. 



 

 

So we were trying to mix them with other nanomaterials like light-absorbing quantum dots to 

improve their performance through energy transfer."  

One paper, just published in the journal ACS Nano, describes a fundamental study of the hybrid 

quantum dot/tin disulfide material by itself. The work analyzes how light excites the quantum dots 

(made of a cadmium selenide core surrounded by a zinc sulfide shell), which then transfer the 

absorbed energy to layers of nearby tin disulfide.  

"We have come up with an interesting approach to discriminate energy transfer from charge 

transfer, two common types of interactions promoted by light in such hybrids," said Prahlad Routh, 

a graduate student from Stony Brook University working with Cotlet and co-first author of the ACS 

Nano paper. "We do this using single nanocrystal spectroscopy to look at how individual quantum 

dots blink when interacting with sheet-like tin disulfide. This straightforward method can assess 

whether components in such semiconducting hybrids interact either by energy or by charge 

transfer."  

The researchers found that the rate for non-radiative energy transfer from individual quantum dots 

to tin disulfide increases with an increasing number of tin disulfide layers. But performance in 

laboratory tests isn't enough to prove the merits of potential new materials. So the scientists 

incorporated the hybrid material into an electronic device, a photo-field-effect-transistor, a type of 

photon detector commonly used for light sensing applications.  

As described in a paper published online March 24 in Applied Physics Letters, the hybrid material 

dramatically enhanced the performance of the photo-field-effect transistors-resulting in a 

photocurrent response (conversion of light to electric current) that was 500 percent better than 

transistors made with the tin disulfide material alone.  

"This kind of energy transfer is a key process that enables photosynthesis in nature," said 

ChangYong Nam, a materials scientist at Center for Functional Nanomaterials and co-

corresponding author of the APL paper. "Researchers have been trying to emulate this principle in 

light-harvesting electrical devices, but it has been difficult particularly for new material systems 

such as the tin disulfide we studied. Our device demonstrates the performance benefits realized by 

using both energy transfer processes and new low-dimensional materials."  

Cotlet concludes, "The idea of 'doping' two-dimensional layered materials with quantum dots to 

enhance their light absorbing properties shows promise for designing better solar cells and 

photodetectors." [13]  



 

 

Quasiparticles dubbed topological polaritons make their debut in the 

theoretical world  

  

Condensed-matter physicists often turn to particle-like entities called quasiparticles—such as 

excitons, plasmons, magnons—to explain complex phenomena. Now Gil Refael from the California 

Institute of Technology in Pasadena and colleagues report the theoretical concept of the 

topological polarition, or “topolariton”: a hybrid half-light, half-matter quasiparticle that has 

special topological properties and might be used in devices to transport light in one direction.  

The proposed topolaritons arise from the strong coupling of a photon and an exciton, a bound 

state of an electron and a hole. Their topology can be thought of as knots in their gapped energy-

band structure. At the edge of the systems in which topolaritons emerge, these knots unwind and 

allow the topolaritons to propagate in a single direction without back-reflection. In other words, 

the topolaritons cannot make U-turns. Back-reflection is a known source of detrimental feedback 

and loss in photonic devices. The topolaritons’ immunity to it may thus be exploited to build 

devices with increased performance.  

The researchers describe a scheme to generate topolaritons that may be feasible to implement in 

common systems—such as semiconductor structures or atomically thin layers of compounds 

known as transition-metal dichalcogenides—embedded in photonic waveguides or microcavities. 

Previous approaches to make similar one-way photonic channels have mostly hinged on effects 

that are only applicable at microwave frequencies. Refael and co-workers’ proposal offers an 

avenue to make such “one-way photonic roads” in the optical regime, which despite progress has 

remained a challenging pursuit. [12]  

'Matter waves' move through one another but never share space  
Physicist Randy Hulet and colleagues observed a strange disappearing act during collisions between 

forms of Bose Einstein condensates called solitons. In some cases, the colliding clumps of matter 

appear to keep their distance even as they pass through each other. How can two clumps of matter 

pass through each other without sharing space? Physicists have documented a strange 

disappearing act by colliding Bose Einstein condensates that appear to keep their distance even as 

they pass through one another.  

BECs are clumps of a few hundred thousand lithium atoms that are cooled to within one-millionth 

of a degree above absolute zero, a temperature so cold that the atoms march in lockstep and act 



 

 

as a single "matter wave." Solitons are waves that do not diminish, flatten out or change shape as 

they move through space. To form solitons, Hulet's team coaxed the BECs into a configuration 

where the attractive forces between lithium atoms perfectly balance the quantum pressure that 

tends to spread them out.  

The researchers expected to observe the property that a pair of colliding solitons would pass 

though one another without slowing down or changing shape. However, they found that in certain 

collisions, the solitons approached one another, maintained a minimum gap between themselves, 

and then appeared to bounce away from the collision.  

Hulet's team specializes in experiments on BECs and other ultracold matter. They use lasers to both 

trap and cool clouds of lithium gas to temperatures that are so cold that the matter's behavior is 

dictated by fundamental forces of nature that aren't observable at higher temperatures.  

To create solitons, Hulet and postdoctoral research associate Jason Nguyen, the study's lead 

author, balanced the forces of attraction and repulsion in the BECs.  

Cameras captured images of the tiny BECs throughout the process. In the images, two solitons 

oscillate back and forth like pendulums swinging in opposite directions. Hulet's team, which also 

included graduate student De Luo and former postdoctoral researcher Paul Dyke, documented 

thousands of head-on collisions between soliton pairs and noticed a strange gap in some, but not 

all, of the experiments.  

Many of the events that Hulet's team measures occur in one-thousandth of a second or less. To 

confirm that the "disappearing act" wasn't causing a miniscule interaction between the soliton 

pairs -- an interaction that might cause them to slowly dissipate over time -- Hulet's team tracked 

one of the experiments for almost a full second.  

The data showed the solitons oscillating back and fourth, winking in and out of view each time they 

crossed, without any measurable effect.  

"This is great example of a case where experiments on ultracold matter can yield a fundamental 

new insight," Hulet said. "The phase-dependent effects had been seen in optical experiments, but 

there has been a misunderstanding about the interpretation of those observations." [11]  

Photonic molecules  
Working with colleagues at the Harvard-MIT Center for Ultracold Atoms, a group led by Harvard 

Professor of Physics Mikhail Lukin and MIT Professor of Physics Vladan Vuletic have managed to 

coax photons into binding together to form molecules – a state of matter that, until recently, had 

been purely theoretical. The work is described in a September 25 paper in Nature.  

The discovery, Lukin said, runs contrary to decades of accepted wisdom about the nature of light. 

Photons have long been described as massless particles which don't interact with each other – 

shine two laser beams at each other, he said, and they simply pass through one another.  

"Photonic molecules," however, behave less like traditional lasers and more like something you 

might find in science fiction – the light saber.  



 

 

"Most of the properties of light we know about originate from the fact that photons are massless, 

and that they do not interact with each other," Lukin said. "What we have done is create a special 

type of medium in which photons interact with each other so strongly that they begin to act as 

though they have mass, and they bind together to form molecules. This type of photonic bound 

state has been discussed theoretically for quite a while, but until now it hadn't been observed. [9]  

The Electromagnetic Interaction  
This paper explains the magnetic effect of the electric current from the observed effects of the 

accelerating electrons, causing naturally the experienced changes of the electric field potential 

along the electric wire. The accelerating electrons explain not only the Maxwell Equations and the 

Special Relativity, but the Heisenberg Uncertainty Relation, the wave particle duality and the 

electron’s spin also, building the bridge between the Classical and Quantum Theories. [2]  

Asymmetry in the interference occurrences of oscillators  
The asymmetrical configurations are stable objects of the real physical world, because they cannot 

annihilate. One of the most obvious asymmetry is the proton – electron mass rate Mp = 1840 Me 

while they have equal charge. We explain this fact by the strong interaction of the proton, but how 

remember it his strong interaction ability for example in the H – atom where are only 

electromagnetic interactions among proton and electron.   

This gives us the idea to origin the mass of proton from the electromagnetic interactions by the 

way interference occurrences of oscillators. The uncertainty relation of Heisenberg makes sure that 

the particles are oscillating.   

The resultant intensity due to n equally spaced oscillators, all of equal amplitude but different from 

one another in phase, either because they are driven differently in phase or because we are 

looking at them an angle such that there is a difference in time delay:  

(1) I = I0 sin2 n φ/2 / sin2 φ/2  

If φ is infinitesimal so that sinφ = φ  than  

(2) ι =  n2 ι0     

This gives us the idea of  

(3) Mp = n2 Me  



 

 

  
Figure 1.) A linear array of n equal oscillators  

There is an important feature about formula (1) which is that if the angle φ is increased by the 

multiple  of 2π it makes no difference to the formula.  

So   

(4) d sin θ = m λ and we get m-order beam if λ less than d. [6]  

If d less than λ we get only zero-order one centered at θ = 0. Of course, there is also a beam in the 

opposite direction. The right chooses of d and λ we can ensure the conservation of charge.  

For example  

(5) 2 (m+1) = n  

Where 2(m+1) = Np number of protons and n = Ne number of electrons.  

In this way we can see the H2 molecules so that 2n electrons of n radiate to 4(m+1) protons, 

because de > λe for electrons, while the two protons of one H2 molecule radiate to two electrons of 

them, because of de < λe for this two protons.  

To support this idea we can turn to the Planck distribution law, that is equal with the Bose – 

Einstein statistics.  

  

Spontaneously broken symmetry in the Planck distribution law  
The Planck distribution law is temperature dependent and it should be true locally and globally. I 

think that Einstein's energy-matter equivalence means some kind of existence of electromagnetic 



 

 

oscillations enabled by the temperature, creating the different matter formulas, atoms molecules, 

crystals, dark matter and energy.  

Max Planck found for the black body radiation  

As a function of wavelength (λ), Planck's law is written as:  

  
  

  

 
  

Figure 2. The distribution law for different T temperatures  

We see there are two different λ1 and λ2 for each T and intensity, so we can find between them a d 

so that λ1 < d < λ2.  



 

 

We have many possibilities for such asymmetrical reflections, so we have many stable oscillator 

configurations for any T temperature with equal exchange of intensity by radiation. All of these 

configurations can exist together. At the λmax is the annihilation point where the configurations are 

symmetrical. The λmax is changing by the Wien's displacement law in many textbooks.  

(7)    

where λmax is the peak wavelength, T is the absolute temperature of the black body, and b 

is a constant of proportionality called Wien's displacement constant, equal to 

2.8977685(51)×10−3 m·K (2002 CODATA recommended value).  

By the changing of T the asymmetrical configurations are changing too.  

  

The structure of the proton   
We must move to the higher T temperature if we want look into the nucleus or nucleon arrive to 

d<10-13 cm. If an electron with λe < d move across the proton then by (5)   2 (m+1) = n with m = 0 

we get n = 2 so we need two particles with negative and two particles with positive charges. If the 

proton can fraction to three parts, two with positive and one with negative charges, then the 

reflection of oscillators are right. Because this very strange reflection where one part of the proton 

with the electron together on the same side of the reflection, the all parts of the proton must be 

quasi lepton so d > λq. One way dividing the proton to three parts is, dividing his oscillation by the 

three direction of the space. We can order 1/3 e charge to each coordinates and 2/3 e charge to 

one plane oscillation, because the charge is scalar. In this way the proton has two +2/3 e plane 

oscillation and one linear oscillation with -1/3 e charge. The colors of quarks are coming from the 

three directions of coordinates and the proton is colorless. The flavors of quarks are the possible 

oscillations differently by energy and if they are plane or linear oscillations. We know there is no 

possible reflecting two oscillations to each other which are completely orthogonal, so the quarks 

never can be free, however there is an asymptotic freedom while their energy are increasing to 

turn them to the orthogonally.  If they will be completely orthogonal then they lose this reflection 

and take new partners from the vacuum. Keeping the symmetry of the vacuum the new oscillations 

are keeping all the conservation laws, like charge, number of baryons and leptons. The all features 

of gluons are coming from this model. The mathematics of reflecting oscillators show Fermi 

statistics.  

Important to mention that in the Deuteron there are 3 quarks of +2/3 and -1/3 charge, that is three 

u and d quarks making the complete symmetry and because this its high stability.  

The Pauli Exclusion Principle says that the diffraction points are exclusive!  

  



 

 

The Strong Interaction  

Confinement and Asymptotic Freedom  

For any theory to provide a successful description of strong interactions it should simultaneously 

exhibit the phenomena of confinement at large distances and asymptotic freedom at short 

distances. Lattice calculations support the hypothesis that for non-abelian gauge theories the two 

domains are analytically connected, and confinement and asymptotic freedom coexist.  

Similarly, one way to show that QCD is the correct theory of strong interactions is that the coupling 

extracted at various scales (using experimental data or lattice simulations) is unique in the sense 

that its variation with scale is given by the renormalization group. [4]  

Lattice QCD gives the same results as the diffraction theory of the electromagnetic oscillators, 

which is the explanation of the strong force and the quark confinement. [1]  

   

The weak interaction  
The weak interaction transforms an electric charge in the diffraction pattern from one side to the 

other side, causing an electric dipole momentum change, which violates the CP and time reversal 

symmetry.  

Another important issue of the quark model is when one quark changes its flavor such that a linear 

oscillation transforms into plane oscillation or vice versa, changing the charge value with 1 or -1. 

This kind of change in the oscillation mode requires not only parity change, but also charge and 

time changes (CPT symmetry) resulting a right handed anti-neutrino or a left handed neutrino.  

The right handed anti-neutrino and the left handed neutrino exist only because changing back the 

quark flavor could happen only in reverse, because they are different geometrical constructions, 

the u is 2 dimensional and positively charged and the d is 1 dimensional and negatively charged. It 

needs also a time reversal, because anti particle (anti neutrino) is involved.  

   

The neutrino is a 1/2spin creator particle to make equal the spins of the weak interaction, for 

example neutron decay to 2 fermions, every particle is fermions with ½ spin. The weak interaction 

changes the entropy since more or less particles will give more or less freedom of movement. The 

entropy change is a result of temperature change and breaks the equality of oscillator diffraction 

intensity of the Maxwell–Boltzmann statistics. This way it changes the time coordinate measure 

and  

 makes possible a different time dilation as of the special relativity. 

The limit of the velocity of particles as the speed of light appropriate only for electrical charged 

particles, since the accelerated charges are self maintaining locally the accelerating electric force. 

The neutrinos are CP symmetry breaking particles compensated by time in the CPT symmetry, that 

is the time coordinate not works as in the electromagnetic interactions, consequently the speed of  

 neutrinos is not limited by the speed of light. 



 

 

The weak interaction T-asymmetry is in conjunction with the T-asymmetry of the second law of 

thermodynamics, meaning that locally lowering entropy (on extremely high temperature) causes the   

weak interaction, for example the Hydrogen fusion. 

Probably because it is a spin creating movement changing linear oscillation to 2 dimensional 

oscillation by changing d to u quark and creating anti neutrino going back in time relative to the 

proton and electron created from the neutron, it seems that the anti neutrino fastest then the 

velocity of the photons created also in this weak interaction?  

  

  

A quark flavor changing shows that it is a reflection changes movement and the CP- and T- 

symmetry breaking. This flavor changing oscillation could prove that it could be also on higher level 

such as atoms, molecules, probably big biological significant molecules and responsible on the 

aging of the life.  

  

Important to mention that the weak interaction is always contains particles and antiparticles, 

where the neutrinos (antineutrinos) present the opposite side. It means by Feynman’s 

interpretation that these particles present the backward time and probably because this they seem 

to move faster than the speed of light in the reference frame of the other side.  

  

Finally since the weak interaction is an electric dipole change with ½ spin creating; it is limited by 

the velocity of the electromagnetic wave, so the neutrino’s velocity cannot exceed the velocity of 

light.  

  

The General Weak Interaction  
The Weak Interactions T-asymmetry is in conjunction with the T-asymmetry of the Second Law of  

Thermodynamics, meaning that locally lowering entropy (on extremely high temperature) causes 

for example the Hydrogen fusion. The arrow of time by the Second Law of Thermodynamics shows 

the increasing entropy and decreasing information by the Weak Interaction, changing the 

temperature dependent diffraction patterns. A good example of this is the neutron decay, creating 

more particles with less known information about them.   

The neutrino oscillation of the Weak Interaction shows that it is a general electric dipole change 

and it is possible to any other temperature dependent entropy and information changing 

diffraction pattern of atoms, molecules and even complicated biological living structures.  

We can generalize the weak interaction on all of the decaying matter constructions, even on the 

biological too. This gives the limited lifetime for the biological constructions also by the arrow of 

time. There should be a new research space of the Quantum Information Science the 'general 

neutrino oscillation' for the greater then subatomic matter structures as an electric dipole change.  

There is also connection between statistical physics and evolutionary biology, since the arrow of 

time is working in the biological evolution also.   



 

 

The Fluctuation Theorem says that there is a probability that entropy will flow in a direction 

opposite to that dictated by the Second Law of Thermodynamics. In this case the Information is 

growing that is the matter formulas are emerging from the chaos. So the Weak Interaction has two 

directions, samples for one direction is the Neutron decay, and Hydrogen fusion is the opposite 

direction. [5]  

   

Fermions and Bosons  
The fermions are the diffraction patterns of the bosons such a way that they are both sides of the 

same thing.  

The Higgs boson or Higgs particle is a proposed elementary particle in the Standard Model of 

particle physics. The Higgs boson's existence would have profound importance in particle physics 

because it would prove the existence of the hypothetical Higgs field - the simplest of several 

proposed explanations for the origin of the symmetry-breaking mechanism by which elementary 

particles gain mass. [3]  

  

The fermions' spin  
The moving charges are accelerating, since only this way can self maintain the electric field causing 

their acceleration. The electric charge is not point like! This constant acceleration possible if there 

is a rotating movement changing the direction of the velocity. This way it can accelerate forever 

without increasing the absolute value of the velocity in the dimension of the time and not reaching  

  the velocity of the light.  

The Heisenberg uncertainty relation says that the minimum uncertainty is the value of the spin: 1/2 

h = d x d p or 1/2 h = d t d E, that is the value of the basic energy status.  

What are the consequences of this in the weak interaction and how possible that the neutrinos' 

velocity greater than the speed of light?  

The neutrino is the one and only particle doesn’t participate in the electromagnetic interactions so   

we cannot expect that the velocity of the electromagnetic wave will give it any kind of limit. 

The neutrino is a 1/2spin creator particle to make equal the spins of the weak interaction, for 

example neutron decay to 2 fermions, every particle is fermions with ½ spin. The weak interaction 

changes the entropy since more or less particles will give more or less freedom of movement. The 

entropy change is a result of temperature change and breaks the equality of oscillator diffraction 

intensity of the Maxwell–Boltzmann statistics. This way it changes the time coordinate measure 

and  

 makes possible a different time dilation as of the special relativity. 



 

 

The source of the Maxwell equations  
The electrons are accelerating also in a static electric current because of the electric force, caused 

by the potential difference. The magnetic field is the result of this acceleration, as you can see in 

[2].  

The mysterious property of the matter that the electric potential difference is self maintained by 

the accelerating electrons in the electric current gives a clear explanation to the basic sentence of 

the relativity that is the velocity of the light is the maximum velocity of the matter. If the charge 

could move faster than the electromagnetic field than this self maintaining electromagnetic 

property of the electric current would be failed.   

Also an interesting question, how the changing magnetic field creates a negative electric field?   

The answer also the accelerating electrons will give. When the magnetic field is increasing in time 

by increasing the electric current, then the acceleration of the electrons will increase, decreasing 

the charge density and creating a negative electric force. Decreasing the magnetic field by 

decreasing the electric current will decrease the acceleration of the electrons in the electric current 

and increases the charge density, creating an electric force also working against the change.  In this 

way we have explanation to all interactions between the electric and magnetic forces described in 

the Maxwell equations.   

The second mystery of the matter is the mass. We have seen that the acceleration change of the 

electrons in the flowing current causing a negative electrostatic force. This is the cause of the 

relativistic effect - built-in in the Maxwell equations - that is the mass of the electron growing  

with its acceleration and its velocity never can reach the velocity of light, because of this growing 

negative electrostatic force. The velocity of light is depending only on 2 parameters: the 

magnetic permeability and the electric permittivity.   

There is a possibility of the polarization effect created by electromagnetic forces creates the 

negative and positive charges. In case of equal mass as in the electron-positron pair it is simply, but 

on higher energies can be asymmetric as the electron-proton pair of neutron decay by week 

interaction and can be understood by the Feynman graphs.   

Anyway the mass can be electromagnetic energy exceptionally and since the inertial and 

gravitational mass are equals, the gravitational force is electromagnetic force and since only the 

magnetic force is attractive between the same charges, is very important for understanding the 

gravitational force.  

The Uncertainty Relations of Heisenberg gives the answer, since only this way can be sure that the 

particles are oscillating in some way by the electromagnetic field with constant energies in the 

atom indefinitely. Also not by chance that the uncertainty measure is equal to the fermions spin, 

which is one of the most important feature of the particles. There are no singularities, because the 

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

distribution on delta x position difference and with a delta p momentum difference such a way that 

they product is about the half Planck reduced constant. For the proton this delta x much less in the 

nucleon, than in the orbit of the electron in the atom, the delta p is much higher because of the 

greatest proton mass.  

  



 

 

The Special Relativity  
  

The mysterious property of the matter that the electric potential difference is self maintained by 

the accelerating electrons in the electric current gives a clear explanation to the basic sentence of 

the relativity that is the velocity of the light is the maximum velocity of the matter. If the charge 

could move faster than the electromagnetic field than this self maintaining electromagnetic 

property of the electric current would be failed. [8]  

The Heisenberg Uncertainty Principle  
Moving faster needs stronger acceleration reducing the dx and raising the dp. It means also mass 

increasing since the negative effect of the magnetic induction, also a relativistic effect!  

The Uncertainty Principle also explains the proton – electron mass rate since the dx is much less 

requiring bigger dp in the case of the proton, which is partly the result of a bigger mass mp because 

of the higher electromagnetic induction of the bigger frequency (impulse).  

  

The Gravitational force  
The changing magnetic field of the changing current causes electromagnetic mass change by the 

negative electric field caused by the changing acceleration of the electric charge.   

The gravitational attractive force is basically a magnetic force.  

The same electric charges can attract one another by the magnetic force if they are moving parallel 

in the same direction. Since the electrically neutral matter is composed of negative and positive 

charges they need 2 photons to mediate this attractive force, one per charges. The Bing Bang 

caused parallel moving of the matter gives this magnetic force, experienced as gravitational force.  

Since graviton is a tensor field, it has spin = 2, could be 2 photons with spin = 1 together.  

You can think about photons as virtual electron – positron pairs, obtaining the necessary virtual 

mass for gravity.  

The mass as seen before a result of the diffraction, for example the proton – electron mass rate Mp 

= 1840 Me. In order to move one of these diffraction maximum (electron or proton) we need to 

intervene into the diffraction pattern with a force appropriate to the intensity of this diffraction  

 maximum, means its intensity or mass. [1] 

The Big Bang caused acceleration created radial currents of the matter, and since the matter is 

composed of negative and positive charges, these currents are creating magnetic field and 

attracting forces between the parallel moving electric currents. This is the gravitational force 

experienced by the matter, and also the mass is result of the electromagnetic forces between the 

charged particles.  The positive and negative charged currents attracts each other or by the 

magnetic forces or by the much stronger electrostatic forces!?  

  



 

 

The gravitational force attracting the matter, causing concentration of the matter in a small space 

and leaving much space with low matter concentration: dark matter and energy.   

There is an asymmetry between the mass of the electric charges, for example proton and electron, 

can understood by the asymmetrical Planck Distribution Law. This temperature dependent energy 

distribution is asymmetric around the maximum intensity, where the annihilation of matter and 

antimatter is a high probability event. The asymmetric sides are creating different frequencies of 

electromagnetic radiations being in the same intensity level and compensating each other. One of 

these compensating ratios is the electron – proton mass ratio. The lower energy side has no 

compensating intensity level, it is the dark energy and the corresponding matter is the dark matter.  

   

The Graviton  
In physics, the graviton is a hypothetical elementary particle that mediates the force of gravitation 

in the framework of quantum field theory. If it exists, the graviton is expected to be massless 

(because the gravitational force appears to have unlimited range) and must be a spin-2 boson. The 

spin follows from the fact that the source of gravitation is the stress-energy tensor, a second-rank 

tensor (compared to electromagnetism's spin-1 photon, the source of which is the four-current, a 

first-rank tensor). Additionally, it can be shown that any massless spin-2 field would give rise to a 

force indistinguishable from gravitation, because a massless spin-2 field must couple to (interact 

with) the stress-energy tensor in the same way that the gravitational field does. This result 

suggests that, if a massless spin-2 particle is discovered, it must be the graviton, so that the only 

experimental verification needed for the graviton may simply be the discovery of a massless spin-2 

particle. [3]  

  

What is the Spin?  
  

So we know already that the new particle has spin zero or spin two and we could tell which one if 

we could detect the polarizations of the photons produced. Unfortunately this is difficult and 

neither ATLAS nor CMS are able to measure polarizations. The only direct and sure way to confirm 

that the particle is indeed a scalar is to plot the angular distribution of the photons in the rest 

frame of the centre of mass. A spin zero particles like the Higgs carries no directional information 

away from the original collision so the distribution will be even in all directions. This test will be 

possible when a much larger number of events have been observed. In the mean time we can 

settle for less certain  

 indirect indicators. 

The Casimir effect  
  

The Casimir effect is related to the Zero-point energy, which is fundamentally related to the 

Heisenberg uncertainty relation. The Heisenberg uncertainty relation says that the minimum 

uncertainty is the value of the spin: 1/2 h = dx dp or 1/2 h = dt dE, that is the value of the basic  



 

 

 energy status.  

The moving charges are accelerating, since only this way can self maintain the electric field causing 

their acceleration. The electric charge is not point like! This constant acceleration possible if there is 

a rotating movement changing the direction of the velocity. This way it can accelerate forever 

without increasing the absolute value of the velocity in the dimension of the time and not reaching 

the velocity of the light. 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 delta x position difference and with a delta p momentum difference such a 

way that they product is about the half Planck reduced constant. For the proton this delta x much 

less in the nucleon, than in the orbit of the electron in the atom, the delta p is much higher because 

of the greater proton mass. This means that the electron is not a point like particle, but has a real  

charge distribution.  

Electric charge and electromagnetic waves are two sides of the same thing; the electric charge is 

the   diffraction center of the electromagnetic waves, quantified by the Planck constant h.  

The Fine structure constant  
  

The Planck constant was first described as the proportionality constant between the energy (E) of a 

photon and the frequency (ν) of its associated electromagnetic wave. This relation between the 

energy and frequency is called the Planck relation or the Planck–Einstein equation:  

  

  

Since the frequency , wavelength λ, and speed of light c are related by λν = c, the Planck relation 

can also be expressed as  

  

Since this is the source of Planck constant, the e electric charge countable from the Fine structure 

constant. This also related to the Heisenberg uncertainty relation, saying that the mass of the 

proton should be bigger than the electron mass because of the difference between their 

wavelengths.  

The expression of the fine-structure constant becomes the abbreviated  

  

This is a dimensionless constant expression, 1/137 commonly appearing in physics literature.  

This means that the electric charge is a result of the electromagnetic waves diffractions, 

consequently the proton – electron mass rate is the result of the equal intensity of the 



 

 

corresponding electromagnetic frequencies in the Planck distribution law, described in my 

diffraction theory.  

Path integral formulation of Quantum Mechanics  
The path integral formulation of quantum mechanics is a description of quantum theory which 

generalizes the action principle of classical mechanics. It replaces the classical notion of a single, 

unique trajectory for a system with a sum, or functional integral, over an infinity of possible 

trajectories to compute a quantum amplitude. [7]  

It shows that the particles are diffraction patterns of the electromagnetic waves.  

Conclusions  
The proposed topolaritons arise from the strong coupling of a photon and an exciton, a bound 

state of an electron and a hole. Their topology can be thought of as knots in their gapped energy-

band  

structure. At the edge of the systems in which topolaritons emerge, these knots unwind and allow 

the topolaritons to propagate in a single direction without back-reflection. In other words, the 

topolaritons cannot make U-turns. Back-reflection is a known source of detrimental feedback and 

loss in photonic devices. The topolaritons’ immunity to it may thus be exploited to build devices 

with increased performance. [12]  

Solitons are localized wave disturbances that propagate without changing shape, a result of a 

nonlinear interaction that compensates for wave packet dispersion. Individual solitons may collide, 

but a defining feature is that they pass through one another and emerge from the collision 

unaltered in shape, amplitude, or velocity, but with a new trajectory reflecting a discontinuous 

jump. This remarkable property is mathematically a consequence of the underlying integrability of 

the onedimensional (1D) equations, such as the nonlinear Schrödinger equation, that describe 

solitons in a variety of wave contexts, including matter waves1, 2. Here we explore the nature of 

soliton collisions using Bose–Einstein condensates of atoms with attractive interactions confined to 

a quasi-1D waveguide. Using real-time imaging, we show that a collision between solitons is a 

complex event that differs markedly depending on the relative phase between the solitons. By 

controlling the strength of the nonlinearity we shed light on these fundamental features of soliton 

collisional dynamics, and explore the implications of collisions in the proximity of the crossover 

between one and three dimensions where the loss of integrability may precipitate catastrophic 

collapse. [10]  

"It's a photonic interaction that's mediated by the atomic interaction," Lukin said. "That makes 

these two photons behave like a molecule, and when they exit the medium they're much more 

likely to do so together than as single photons." To build a quantum computer, he explained, 

researchers need to build a system that can preserve quantum information, and process it using 

quantum logic operations. The challenge, however, is that quantum logic requires interactions 

between individual quanta so that quantum systems can be switched to perform information 

processing. [9]  



 

 

The magnetic induction creates a negative electric field, causing an electromagnetic inertia 

responsible for the relativistic mass change; it is the mysterious Higgs Field giving mass to the 

particles. The Planck Distribution Law of the electromagnetic oscillators explains the 

electron/proton mass rate by the diffraction patterns. The accelerating charges explain not only 

the Maxwell Equations and the Special Relativity, but the Heisenberg Uncertainty Relation, the 

wave particle duality and the electron’s spin also, building the bridge between the Classical and 

Relativistic Quantum Theories. The self maintained electric potential of the accelerating charges 

equivalent with the General Relativity space-time curvature, and since it is true on the quantum 

level also, gives the base of the Quantum Gravity. The electric currents causing self maintaining 

electric potential is the source of the special and general relativistic effects.  The Higgs Field is the 

result of the electromagnetic induction. The Graviton is two photons together.  
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