
Nanoscale Two-Photon Technique 

 

The precision of measuring nanoscopic structures could be substantially improved, 

thanks to research involving the University of Warwick and QuantIC researchers at the 

University of Glasgow and Heriot Watt University into optical sensing. [31] 

Researchers at AMOLF and the University of Texas have circumvented this problem with 

a vibrating glass ring that interacts with light. They thus created a microscale circulator 

that directionally routes light on an optical chip without using magnets. [30]  

Researchers have discovered three distinct variants of magnetic domain walls in the 

helimagnet iron germanium (FeGe). [29] 

Magnetic materials that form helical structuresɂcoiled shapes comparable to a spiral 

staircase or the double helix strands of a DNA moleculeɂoccasionally exhibit exotic 

behavior that could improve information processing in hard drives and other digital 

devices. [28] 

In a new study, researchers have designed "invisible" magnetic sensorsɂsensors that are 

magnetically invisible so that they can still detect but do not distort the surrounding 

magnetic fields. [27] 

At Carnegie Mellon University, Materials Science and Engineering Professor Mike 

McHenry and his research group are developing metal amorphous 

nanocomposite materials (MANC), or magnetic materials whose nanocrystals have been 

grown out of an amorphous matrix to create a two phase magnetic material that exploits 

both the attractive magnetic inductions of the nanocrystals and the large electrical 

resistance of a metallic glass. [26]  

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

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

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

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

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

rotation. [24] 

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

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

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

https://phys.org/tags/materials/


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

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

widespread research. [22]  

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

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

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

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

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

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

! ȬÎÏÎÌÉÎÅÁÒȭ ÅÆÆÅÃÔ ÔÈÁÔ ÓÅÅÍÉÎÇÌÙ ÔÕÒÎÓ ÍÁÔÅÒÉÁÌÓ ÔÒÁÎÓÐÁÒÅÎÔ ÉÓ ÓÅÅÎ ÆÏÒ ÔÈÅ ÆÉÒÓÔ Ôime 

in X-ÒÁÙÓ ÁÔ 3,!#ȭÓ ,#,3Ȣ ɍυύɎ  

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

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

toward light-based quantum technology. [18]  

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

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

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

atoms". [17]  

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

simultaneously absorb a single photon. [16]  

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

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

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

semiconductor quantum dots inserted into photonic structures produce photons that are 

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

fluctuating electric field. [14]  

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

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

momentum with a demonstration by researchers at the Department of  

Energy's Oak Ridge National Laboratory. [13]  

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

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

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

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

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



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

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

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

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

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

nodes and transferred between them via photons. [9]  

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

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

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

computer using Quantum Information.   

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

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

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

done before but with highly unreliable methods.  

The accelerating electrons explain not only the Maxwell Equations and the  

Special Relativity, but the Heisenberg Uncertainty Relation, the Wave-Particle Duality 

ÁÎÄ ÔÈÅ ÅÌÅÃÔÒÏÎȭÓ ÓÐÉÎ ÁÌÓÏȟ ÂÕÉÌÄÉÎÇ ÔÈÅ "ÒÉÄÇÅ ÂÅÔ×ÅÅÎ ÔÈÅ #ÌÁÓÓÉÃÁÌ ÁÎÄ 1ÕÁÎÔÕÍ 

Theories.   

The Planck Distribution Law of the electromagnetic oscillators explains the 

electron/proton mass rate and the Weak and Strong Interactions by the diffraction 

patterns. The Weak Interaction changes the diffraction patterns by moving the electric 

charge from one side to the other side of the diffraction pattern, which violates the CP 

and Time reversal symmetry.  

The diffraction patterns and the locality of the self-maintaining electromagnetic 

potential explains also the Quantum Entanglement, giving it as a natural part of the 

Relativistic Quantum Theory and making possible to build the Quantum Computer with 

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

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

scientists are searching for technologies to build the quantum computer.   

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

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

[5]  

Quantum entanglement is a physical phenomenon that occurs when pairs or groups of particles are 

generated or interact in ways such that the quantum state of each particle cannot be described 

independently ς instead, a quantum state may be given for the system as a whole. [4]  

I think that we have a simple bridge between the classical and quantum mechanics by 

understanding the Heisenberg Uncertainty Relations. It makes clear that the particles are not point 

like but have a dx and dp uncertainty.   

  

Nanoscale measurements 100x more precise, thanks to improved two -

photon technique   
The precision of measuring nanoscopic structures could be substantially improved, thanks to 

research involving the University of Warwick and QuantIC researchers at the University of Glasgow 

and Heriot Watt University into optical sensing. 

QuantIC is the UK Quantum Technology Hub in Quantum Enhanced Imaging and part of the UK 

National Quantum Technologies Programme. 

Using pairs of photons, fundamental components of energy that make up light, the researchers 

have devised a way to measure the thickness of objects that are less than a 100,000th of the width 

of a human hair. 

The new technique involves firing two near identical photons onto a component known as a 

beamsplitter, and monitoring their subsequent behaviour - with some 30,000 photons detected per 

second, and 500bn in use throughout a full experiment. 

Because of the tendency of identical photons to 'buddy up' and continue travelling on togetherτ

the result of a delicate quantum interference effect - the researchers' newly developed setup offers 

the same precision and stability as existing one-photon techniques that, due to the equipment 

required, are more costly. 

Offering a range of potential uses, including research to better understand cell membranes and 

DNA, as well as quality control for nanoscopic 2D materials of a single atom's thickness, such as 

graphene, the new research is also a marked improvement on current two-photon techniques with 

up to 100x better resolution. 

https://phys.org/tags/photon/


To measure the thickness of a transparent object (any object through which a photon is able to 

pass), each of a pair of identical photons are fired along separate paths: 

Photon A then continues into a beamsplitter, whilst Photon B is slowed down by a transparent 

object before entering the same beamsplitter. 

The likelihood that the photons exit the beamsplitter together is then recorded allowing 

researchers to measure the thickness of the transparent object Photon B passed through. 

As the thickness of the sample is increased, the photons are more likely to exit the beamsplitter 

separately. 

 

Diagram showing the technique for measuring nanoscopic structures. Credit: University of Warwick 

Dr George Knee of the University of Warwick's Department of Physics, who developed the theory 

behind the new method, said: 

"What's really exciting about these results is that we can now investigate objects down at the 

nanoscale with an optical sensor operating on a fundamentally different physical effect. 

"Until now, so-called two-photon interference has not been able to achieve such great resolution, 

meaning that we are stuck with some of the downsides of the established methods based on single-

https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2018/1-nanoscalemea.jpg


photon interference - which requires more expensive technology than our new two-photon 

technique. 

"We have managed to get a big improvement by tuning the interferometer into a more sensitive 

operation mode and removing slow drift by repeatedly switching the sample in and out. 

"The advantages of being impervious to phase fluctuations and having large dynamic range mean 

that sensors such as ours could have a big impact on biological imaging and the associated research 

that it feeds into." 

QuantIC co-investigator and lead researcher on the project, Professor Daniele Faccio, whose two 

photon sensing technology was used to generate the data said: 

"The results of our collaboration with the University of Warwick offer a range of potential uses, 

including research to better understand cell membranes and DNA as well as a quality control for 

nanoscopic 2D materials of a single atom's thickness, such as graphene. 

We are excited to be advancing quantum imaging and helping to maintain the UK's position in the 

development of new quantum technologies." 

The research, Attosecond-Resolution Hong-Ou-Mandel Interferometry, is published by Science 

Advances. [31] 

 

 

 

 

A microscopic roundabout for light ɂteam develops a magnet -free 

optical circulator  
Circulators are important components in communication technology. Their unique way of routing 

light usually requires centimeter-sized magnets, which are difficult to miniaturize for use on optical 

chips. Researchers at AMOLF and the University of Texas have circumvented this problem with a 

vibrating glass ring that interacts with light. They thus created a microscale circulator that 

directionally routes light on an optical chip without using magnets. The researchers published their 

work in Nature Communications on 4 May 2018. 

Circulators allow the transmission of information without loss among more than two nodes in a 

network, which is why they are widely used in optical networks. Circulators have several entrance 

and exit ports between which they route light in a special way: light entering a particular port is 

forced to exit in a second port, but light entering that second port exits in a third port, and so on. 

"Light propagation is symmetric in nature, which means if light can propagate from A to B, the 

reverse path is equally possible. We need a trick to break the symmetry," says AMOLF group leader 

Ewold Verhagen. "Usually this trick is using centimeter-sized magnets to impart directionality and 

break the symmetric nature of light propagation. Such systems are difficult to miniaturize for use 

on photonic chips." 

https://phys.org/tags/quantum/
https://phys.org/tags/quantum+technologies/
https://phys.org/tags/light+propagation/


Verhagen and his colleagues created circulating behavior using a microscale glass ring resonator 

with a different trick. They let light in the ring interact with the ring's mechanical vibrations. The 

researchers used this principle in earlier work to demonstrate one-way optical transmission. "By 

shining light of a 'control' laser in the ring, light of a different color can excite vibrations through a 

force known as radiation pressure, but only if it propagates in the same direction as the control 

light wave," Verhagen explains. "Since light propagates differently through a vibrating structure 

than through a structure that is standing still, the optical force breaks symmetry in the same way as 

a magnetic field would." 

Animated video of the light circulator Credit: Henk-Jan Boluijt (AMOLF) 

Roundabout for light  
Turning the 'one-way street for light' into a useful optical 'roundabout' was not as straightforward 

as it may seem, as postdoc John Mathew points out: "The challenge is to dictate the particular exit 

to which light can be routed, such that it always takes the next port." 

The researchers found the solution in optical interference. Careful control of the optical paths in 

the structure ensures that light from each input constructively interferes in exactly the right output. 

"We demonstrated this circulation in experiments, and showed that it can be actively tuned. The 

frequency and power of the control laser allow the circulation to be turned on and off and change 

handedness," says Mathew. 

Information  networks  
The AMOLF 'roundabout' for light is actually the first magnet-free, on-chip optical circulator. 

Although the research is fundamental in nature, it has many possible applications. Verhagen: 

"Devices like this could form building blocks for chips that use light instead of electrons to carry 

information, as well as for future quantum computers and communication networks. The fact that 

the circulator can be actively controlled provides additional functionality as the optical circuits can 

be reconfigured at will." [30] 

 

 

 

 

Three distinct variants of magnetic domain walls discovered in 

helimagnet iron germanium (FeGe)  
Researchers have discovered three distinct variants of magnetic domain walls in the helimagnet 

iron germanium (FeGe). Their results have been published in Nature Physics. Researcher Dennis 

Meier, an associate professor at the Norwegian University of Science and Technology (NTNU), says 

understanding the creation of magnetic fields is key to understanding the significance of the 

discovery. 

An electric current can generate a magnetic field, as in electromagnets. The second source of an 

electric field is spin, which is the magnetic moment of an atom's elementary particles. The most 

widely known type of magnetism is ferromagnetism. This type of magnetic order occurs when 

https://phys.org/news/2016-11-one-way-street.html
https://phys.org/tags/port/
https://phys.org/tags/light/
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the magnetic moments of the atoms in a substance are essentially alignedτthat is, they point in 

the same direction and attract or repel other magnetic objects. 

With helimagnets, the atoms' magnetic moments arrange themselves in spiral or helical patterns. 

Iron germanium (FeGe) is a mixture of iron and the metalloid germanium. It has a crystalline 

structure similar to that found in a diamond, in which the same pattern of atoms repeats itself. In 

reality, this material is not as uniform as it looks. The crystal may be close to perfect, but the 

magnetic structure can simultaneously have its own organization. 

In other words, an apparently perfect crystalline structure in a solid is divided into separate areas, 

each with its own special magnetic properties. These magnetic regions are called domains. In 

ferromagnets, the atoms in each of these domains have magnetic moments pointing in the same 

direction, but the direction varies between neighboring areas. Helimagnets have domains with 

spiral patterns instead. The transitions between these areas are called domain walls, which are 

what Meier and his colleagues are studying. 

The international research group discovered three new classes of domain walls in helimagnets. 

"The special patterns occur because of so-called topological defects. The researchers were lucky to 

find them," Meier says. "But you have to know when you're lucky." 

Their discoveries are completely new to science. Domain walls can have exotic magnetic properties 

that the regions which they separate don't reveal. The walls, for example, may interact more 

strongly with an electric current and could possibly be used for data transfer and storage in the 

future. This discovery may someday provide an alternative to today's computers, which flip 

the magnetic field and toggle the voltage between one and zero. This method is far more energy 

intensive than moving topological magnetic structures along so-called racetrack memory. 

"The next thing we're going to do is try to influence these new domain walls," says Meier. The 

researchers will attempt to direct these walls with an electric currentτthat is, control them. For 

this project, Meier and his team at the Department of Materials Science and Engineering will 

collaborate with colleagues from the NTNU's new Center of Excellence QuSpin (Center for Quantum 

Spintronics). [29] 

 

Unusual magnetic structure may support next -generation technology  
Magnetic materials that form helical structuresτcoiled shapes comparable to a spiral staircase or 

the double helix strands of a DNA moleculeτoccasionally exhibit exotic behavior that could 

improve information processing in hard drives and other digital devices. 

A research team from Colorado State University is using neutrons at the Department of Energy's 

(DOE's) Oak Ridge National Laboratory (ORNL) to study one such material, Fe3PO7. Although helical 

structures are typically formed by magnetic moments that wind around an axis in a set direction, 

the researchers discovered that Fe3PO7 does not pick a particular direction and allows only short-

range helical structures to form. These structures may provide novel technological capabilities. 

https://phys.org/tags/magnetic+moments/
https://phys.org/tags/crystalline+structure/
https://phys.org/tags/crystalline+structure/
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"Because the direction of the helix is varying in space, it has what we call a partial order, which 

means there is no set direction for the helical axis to point," said assistant professor Kate Ross, who 

is also a former chair of ORNL's SNS-HFIR User Group. 

By determining Fe3PO7's magnetic structure using the Four-Circle Diffractometer instrument, 

beamline HB-3A at ORNL's High Flux Isotope Reactor (HFIR), the researchers hope to identify the 

underlying factors contributing to this unusual helical magnetic structure. Neutrons have their own 

"spin" (an intrinsic momentum), making them sensitive to magnetism inside materials, which 

means they are the ideal tool for the task. 

The team's small crystal sample is antiferromagnetic, meaning that each spin on the atomic lattice 

attempts to face in the opposite direction of its neighboring spin. However, Fe3PO7 forms a lattice 

based on triangular units that makes this arrangement impossible, resulting in an atomic deadlock 

called "frustration." These key qualities may inform the team's investigation of the unconventional 

magnetic structure. 

"We think there is one exciting possibility that could potentially explain this material's partial helical 

order and short-range correlations, both of which are unusual to see in a solid-state material," Ross 

said. 

This phenomenon could be caused by twisted regions of magnetization called "skyrmions" that 

disrupt magnetic spin patterns. According to Ross, these antiferromagnetic, "hedgehog-like" 

defects could advance the field of spintronics, which involves manipulating electron spin to improve 

magnetic information storage and other applications. 

After analyzing their data, the researchers plan to conduct additional studies focused on the 

dynamics of Fe3PO7to confirm this scenario. 

Ross has studied frustrated magnetism since her undergraduate years, and the subject continues to 

fascinate and inspire her today. She describes her team as explorers seeking interesting magnetic 

phases who often arrive at unexpected conclusions. 

"That's what really keeps me interested in doing these sorts of projects," she said. "You can head in 

one direction based on a good idea and then be diverted to learn about something entirely 

different." [28] 

 

 

 

 

Invisible magnetic sensors measure magnetic fields without disturbi ng 

them  
Currently, most of the magnetic sensors used in today's computers, airplanes, cars, and other 

systems distort the magnetic fields that they are measuring. These distortions can cause major 

problems for some applications, in particular biomedical techniques, that require highly accurate 

measurements, and can also cause cross-talk in sensor arrays. 

https://phys.org/tags/structure/


In a new study, researchers have designed "invisible" magnetic sensorsτsensors that are 

magnetically invisible so that they can still detect but do not distort the surrounding magnetic 

fields. The researchers, Rosa Mach-Batlle, Carles Navau, and Alvaro Sanchez at the Autonomous 

University of Barcelona, have published a paper on the invisible magnetic sensors in a recent issue 

of Applied Physics Letters. 

"This is the first proposal to render a magnetic sensor invisible," Mach-Batlle told Phys.org. "The 

invisibility can even be made exact in some cases, something never achieved before, to our 

knowledge." 

Many magnetic sensors are made of ferromagnetic materials, which have the advantage of 

enhanced sensor detectability compared to other materials. However, the downside 

of ferromagnetic materials is that they attract magnetic fields, causing distortions in the same 

magnetic fields that the sensors are detecting. 

The challenging part of making invisible magnetic sensors is to simultaneously cancel these 

distortions while still allowing the sensors to detect the magnetic fields. Previously, researchers 

have designed magnetic cloaks for cloaking magnetic objects that make it impossible to 

magnetically detect them from the outside. However, these cloaks work both ways, so that the 

cloaked magnetic objects are completely isolated from and unable to detect any external magnetic 

fields. So a cloaked sensor could no longer function as a sensor. 

In the new study, the researchers have proposed a method for making a sensor magnetically 

invisible while maintaining its ability to sense. Their strategy uses a spherical magnetic shell that 

cancels out the leading term of the distortion that the sensor creates in response to external 

magnetic fields. The shell is also designed with tiny "air gaps" that allow a fraction of the 

external magnetic field to arrive at the sensor. Theoretically, the invisibility can be made perfect 

under certain conditionsτspecifically, when the sensor is spherical and the magnetic field is 

uniform. 

According to the researchers' model, the proposed spherical shell must be made of a material with 

certain properties (in particular, a precise diamagnetic permeability) that do not exist in nature. 

Nevertheless, the researchers expect that these properties can be emulated with metamaterials 

made of high-temperature superconductors. In the future, the researchers plan to further explore 

these possibilities as well as variations on magnetic cloaking. 

"We are developing ideas such as exploring cloaking properties for AC fields or incorporating the 

intriguing concept of negative static permeability for creating novel shapes of magnetic fields," 

Sanchez said. [27] 

 

 

 

Magnetic materials increase energy density in power transformation  
Power transformation. Electrification of vehicles. Creating motors that are efficient. Some of the 

biggest technologies of the future rest on finding ways to efficiently transform energy. And the 

backbone that enables the development of these technologies is the field of advanced materials. 

https://phys.org/tags/materials/
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At Carnegie Mellon University, Materials Science and Engineering Professor Mike McHenry and his 

research group are developing metal amorphous nanocomposite materials (MANC), or magnetic 

materials whose nanocrystals have been grown out of an amorphous matrix to create a two phase 

magnetic material that exploits both the attractive magnetic inductions of the nanocrystals and the 

large electrical resistance of a metallic glass. When operated at high frequencies, these MANC 

materials offer very high energy efficiency, due to their low losses of energyτan essential 

component for transforming energy. 

Different MANC compositions can be applied to various applications but have most recently been 

adopted in power transformers that will be used to bring renewable energy to the grid. These 

transformers need magnetic materials to harvest solar or wind energy, then transform it to a 

power that can be stored and fed to the grid. 

Typically, silicon steels used to transform energy are lossy at high frequencies, meaning they lose 

energy when excited with high frequency alternating current fields. But McHenry's material doesn't 

suffer from this problem. It is highly efficient and loses little energy, even at frequencies reaching 

tens of kHz. The lossless nature of the material allows for high power density applications such as 

power grid inductors and transformers, electric vehicle motors, and even potentially for motors 

that propel aircraft and rockets in space. 

To synthesize these materials, McHenry's team weighs alloy components combining iron, cobalt, 

and nickel, mixed with glass formers in ratios optimized to achieve desirable magnetic, electrical 

and mechanical properties. Next, they use a crucible to melt the material and cast the molten metal 

onto a rotating copper wheel using a technique called planar flow casting. The molten alloy forms a 

melt pool on the copper alloy casting wheel. The large thermal mass of the wheel quickly extracts 

heat out of the material, cooling the liquid metal at about 1 million degrees per second. At those 

solidification rates, atoms do not have time to find positions in a crystalline lattice. The resulting 

metastable material is a metallic glassτa material whose isotropic structure makes it easy to 

switch the magnetization without losing energy, perfect for use in high power applications. 

"In every one of the projects we work on, we learn something more," said McHenry. 

McHenry's lab is strong in this method of synthesis, called rapid solidification, which is part of the 

synthesis stage of the materials science paradigm (synthesis, structure, properties, and 

performance). His lab is able to create these materials, or discover the best method for creating 

these materials, then works with others at national laboratories and industry to scale it up for use 

in real-world applications. 

Currently, McHenry and his team are collaborating with the National Energy Technology Laboratory 

(NETL), NASA Glenn Research Center, North Carolina State University, and Eaton Corporation on a 

Department of Energy-funded project to create high-density transformers to bring renewable 

energy to the power grid. The project, a three-port photovoltaic converter, increases power 

density and enables the photovoltaic energy source to connect directly to the transformer that 

connects to the storage device. 

https://phys.org/tags/materials/
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"We work on a myriad of geometries," said McHenry. "Our job is to create materials, then hand it 

off to the people who will use it in their products. It's really the materials that are 

enabling power and energy applications; everyone is riding the materials' development horse." [26] 

 

 

 

Controlling quantum interactions in a single material  
The search and manipulation of novel properties emerging from the quantum nature of matter 

could lead to next-generation electronics and quantum computers. But finding or designing 

materials that can host such quantum interactions is a difficult task. 

"Harmonizing multiple quantum mechanical properties, which often do not coexist together, and 

trying to do it by design is a highly complex challenge," said Northwestern University's James 

Rondinelli. 

But Rondinelli and an international team of theoretical and computational researchers have done 

just that. Not only have they demonstrated that multiple quantum interactions can coexist in a 

single material, the team also discovered how an electric field can be used to control these 

interactions to tune the material's properties. 

This breakthrough could enable ultrafast, low-power electronics and quantum computers that 

operate incredibly faster than current models in the areas of data acquisition, processing, and 

exchange. 

Supported by the US Army Research Office, National Science Foundation of China, German 

Research Foundation, and China's National Science Fund for Distinguished Young Scholars, the 

research was published online today in the journal Nature Communications. James Rondinelli, the 

Morris E. Fine Junior Professor in Materials and Manufacturing in Northwestern's McCormick 

School of Engineering, and Cesare Franchini, professor of quantum materials modeling at the 

University of Vienna, are the paper's co-corresponding authors. Jiangang He, a postdoctoral fellow 

at Northwestern, and Franchini served as the paper's co-first authors. 

Quantum mechanical interactions govern the capability of and speed with which electrons can 

move through a material. This determines whether a material is a conductor or insulator. It also 

controls whether or not the material exhibits ferroelectricity, or shows an electrical polarization. 

"The possibility of accessing multiple order phases, which rely on different quantum-mechanical 

interactions in the same material, is a challenging fundamental issue and imperative for delivering 

on the promises that quantum information sciences can offer," Franchini said. 

Using computational simulations performed at the Vienna Scientific Cluster, the team discovered 

coexisting quantum-mechanical interactions in the compound silver-bismuth-oxide. Bismuth, a 

post-transition metal, enables the spin of the electron to interact with its own motionτa feature 

that has no analogy in classical physics. It also does not exhibit inversion symmetry, suggesting that 

ferroelectricity should exist when the material is an electrical insulator. By applying an electric 

field to the material, researchers were able to control whether the electron spins were coupled in 
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pairs (exhibiting Weyl-fermions) or separated (exhibiting Rashba-splitting) as well as whether the 

system is electrically conductive or not. 

"This is the first real case of a topological quantum transition from a ferroelectric insulator to a non-

ferroelectric semi-metal," Franchini said. "This is like awakening a different kind of quantum 

interactions that are quietly sleeping in the same house without knowing each other." [25] 

 

Scientists discover chiral phonons in a 2 -D semiconductor crystal  
A research team from the Department of Energy's Lawrence Berkeley National Laboratory (Berkeley 

Lab) has found the first evidence that a shaking motion in the structure of an atomically thin (2-D) 

material possesses a naturally occurring circular rotation. 

This rotation could become the building block for a new form of information technology, and for 

the design of molecular-scale rotors to drive microscopic motors and machines. 

The monolayer material, tungsten diselenide (WSe2), is already well-known for its unusual ability to 

sustain special electronic properties that are far more fleeting in other materials. 

It is considered a promising candidate for a sought-after form of data storage known as 

valleytronics, for example, in which the momentum and wavelike motion of electrons in a material 

can be sorted into opposite "valleys" in a material's electronic structure, with each of these valleys 

representing the ones and zeroes in conventional binary data. 

Modern electronics typically rely on manipulations of the charge of electrons to carry and store 

information, though as electronics are increasingly miniaturized they are more subject to problems 

associated with heat buildup and electric leaks. 

The latest study, published online this week in the journal Science, provides a possible path to 

overcome these issues. It reports that some of the material's phonons, a term describing collective 

vibrations in atomic crystals, are naturally rotating in a certain direction. 

This property is known as chirality ς similar to a person's handedness where the left and right hand 

are a mirror image of each other but not identical. Controlling the direction of this rotation would 

provide a stable mechanism to carry and store information. 

"Phonons in solids are usually regarded as the collective linear motion of atoms," said Xiang Zhang, 

the corresponding author of the study and senior scientist of the Materials Science Division at 

Lawrence Berkeley National Laboratory and professor at UC Berkeley. "Our experiment discovered 

a new type of so-called chiral phonons where atoms move in circles in an atomic monolayer crystal 

of tungsten diselenide." 
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¢Ƙƛǎ ŘƛŀƎǊŀƳ ƳŀǇǎ ƻǳǘ ŀǘƻƳƛŎ Ƴƻǘƛƻƴ ƛƴ ǎŜǇŀǊŀǘŜ ǇƘƻƴƻƴ ƳƻŘŜǎΦ !ǘ ƭŜŦǘ όά[hέ ǊŜǇǊŜǎŜƴǘǎ ŀ 

longitudinal optical mode), selenium atoms exhibit a clockwise rotation while tungsten atoms stand 

ǎǘƛƭƭΦ !ǘ ǊƛƎƘǘ όά[!έ ǊŜǇǊŜǎŜƴǘǎ ŀ ƭƻƴƎƛǘǳŘƛƴŀƭ Χmore 

Hanyu Zhu, the lead author of the study and a postdoctoral researcher at Zhang's group, said, "One 

of the biggest advantage of chiral phonon is that the rotation is locked with the particle's 

momentum and not easily disturbed." 

In the phonon mode studied, the selenium atoms appear to collectively rotate in a clockwise 

direction, while the tungsten atoms showed no motion. Researchers prepared a "sandwich" with 

four sheets of centimeter-sized monolayer WSe2 samples placed between thin sapphire crystals. 

They synced ultrafast lasers to record the time-dependent motions. 

The two laser sources converged on a spot on the samples measuring just 70 millionths of a meter 

in diameter. One of the lasers was precisely switched between two different tuning modes to sense 

the difference of left and right chiral phonon activity. 

A so-called pump laser produced visible, red-light pulses that excited the samples, and a probe laser 

produced mid-infrared pulses that followed the first pump pulse within one trillionth of a second. 

About one mid-infrared photon in every 100 million is absorbed by WSe2 and converted to a chiral 

phonon. 
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The researchers then captured the high-energy luminescence from the sample, a signature of this 

rare absorption event. Through this technique, known as transient infrared spectroscopy, 

researchers not only confirmed the existence of a chiral phonon but also accurately obtained its 

rotational frequency. 

So far, the process only produces a small number of chiral phonons. A next step in the research will 

be to generate larger numbers of rotating phonons, and to learn whether vigorous agitations in the 

crystal can be used to flip the spin of electrons or to significantly alter the valley properties of the 

material. Spin is an inherent property of an electron that can be thought of as its compass needle ς 

if it could be flipped to point either north or south it could be used to convey information in a new 

form of electronics called spintronics. 

"The potential phonon-based control of electrons and spins for device applications is very exciting 

and within reach," Zhu said. "We already proved that phonons are capable of switching the 

electronic valley. In addition, this work allows the possibility of using the rotating atoms as little 

magnets to guide the spin orientation." 

The chiral properties found in the study likely exist across a wide range of 2-D materials based on a 

similar patterning in their atomic structure, Zhu also noted, adding that the study could guide 

theoretical investigations of electron-phonon interactions and the design of materials to enhance 

phonon-based effects. 

"The same principle works in all 2-D periodic structures with three-fold symmetry and inversion 

asymmetry" Zhu said. "The same principle covers a huge family of natural materials, and there are 

almost infinite possibilities for creating rotors at the molecular scale." [24] 

 

 

 

New exotic phenomena seen in photonic crystals  
Topological effects, such as those found in crystals whose surfaces conduct electricity while their 

bulk does not, have been an exciting topic of physics research in recent years and were the subject 

of the 2016 Nobel Prize in physics. Now, a team of researchers at MIT and elsewhere has found 

novel topological phenomena in a different class of systemsτopen systems, where energy or 

material can enter or be emitted, as opposed to closed systems with no such exchange with the 

outside. 

This could open up some new realms of basic physics research, the team says, and might ultimately 

lead to new kinds of lasers and other technologies. 

The results are being reported this week in the journal Science, in a paper by recent MIT graduate 

Hengyun "Harry" Zhou, MIT visiting scholar Chao Peng (a professor at Peking University), MIT 

graduate student Yoseob Yoon, recent MIT graduates Bo Zhen and Chia Wei Hsu, MIT Professor 

aŀǊƛƴ {ƻƭƧŀőƛŏΣ ǘƘŜ Francis Wright Davis Professor of Physics John Joannopoulos, the Haslam and 

Dewey Professor of Chemistry Keith Nelson, and the Lawrence C. and Sarah W. Biedenharn Career 

Development Assistant Professor Liang Fu. 



In most research in the field of topologicaƭ ǇƘȅǎƛŎŀƭ ŜŦŦŜŎǘǎΣ {ƻƭƧŀőƛŏ ǎŀȅǎΣ ǎƻ-called "open" systemsτ

in physics terms, these are known as non-Hermitian systemsτwere not studied much in 

experimental work. The complexities involved in measuring or analyzing phenomena in which 

energy or matter can be added or lost through radiation generally make these systems more 

difficult to study and analyze in a controlled fashion. 

But in this work, the team used a method that made these open systems accessible, and "we found 

interesting topological properties in these non-Hermitian systems," Zhou says. In particular, they 

found two specific kinds of effects that are distinctive topological signatures of non-Hermitian 

systems. One of these is a kind of band feature they refer to as a bulk Fermi arc, and the other is an 

unusual kind of changing polarization, or orientation of light waves, emitted by the photonic crystal 

used for the study. 

Photonic crystals are materials in which billions of very precisely shaped and oriented tiny holes are 

made, causing light to interact in unusual ways with the material. Such crystals have been actively 

studied for the exotic interactions they induce between light and matter, which hold the potential 

for new kinds of light-based computing systems or light-emitting devices. But while much of this 

research has been done using closed, Hermitian systems, most of the potential real-world 

applications involve open systems, so the new observations made by this team could open up 

whole new areas of research, the researchers say. 

Fermi arcs, one of the unique phenomena the team found, defy the common intuition that energy 

contours are necessarily closed curves. They have been observed before in closed systems, but in 

those systems they always form on the two-dimensional surfaces of a three-dimensional system. In 

the new work, for the first time, the researchers found a Fermi arc that resides in the bulk of a 

system. This bulk Fermi arc connects two points in the emission directions, which are known as 

exceptional pointsτanother characteristic of open topological systems. 

The other phenomenon they observed consists of a field of light in which the polarization changes 

according to the emission direction, gradually forming a half-twist as one follows the direction 

along a loop and returns back to the starting point. "As you go around this crystal, the polarization 

of the light actually flips," Zhou says. 

This half-twist is analogous to a Möbius strip, he explains, in which a strip of paper is twisted a half-

turn before connecting it to its other end, creating a band that has only one side. This Möbius-like 

twist in light polarization, Zhen says, could in theory lead to new ways of increasing the amount of 

data that could be sent through fiber-optic links. 

The new work is "mostly of scientific inteǊŜǎǘΣ ǊŀǘƘŜǊ ǘƘŀƴ ǘŜŎƘƴƻƭƻƎƛŎŀƭΣϦ {ƻƭƧŀőƛŏ ǎŀȅǎΦ ½ƘŜƴ ŀŘŘǎ 

that "now we have this very interesting technique to probe the properties of non-Hermitian 

systems." But there is also a possibility that the work may ultimately lead to new devices, including 

new kinds of lasers or light-emitting devices, they say. 

The new findings were made possible by earlier research by many of the same team members, in 

which they found a way to use light scattered from a photonic crystal to produce direct images that 

reveal the energy contours of the material, rather than having to calculate those contours 

indirectly. 
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"We had a hunch" that such half-twist behavior was possible and could be "quite interesting," 

{ƻƭƧŀőƛŏ ǎŀȅǎΣ ōǳǘ ŀŎǘǳŀƭƭȅ ŦƛƴŘƛƴƎ ƛǘ ǊŜǉǳƛǊŜŘ ϦǉǳƛǘŜ ŀ ōƛǘ ƻŦ ǎŜŀǊŎƘƛƴƎ ǘƻ ŦƛƎǳǊŜ ƻǳǘΣ Ƙƻǿ Řƻ ǿŜ ƳŀƪŜ 

it happen?" 

"Perhaps the most ingenious aspect of this work is that the authors use the fact that their system 

must necessarily lose photons, which is usually an obstacle and annoyance, to access new 

topological physics," says Mikael Rechtsman, an assistant professor of physics at Pennsylvania State 

¦ƴƛǾŜǊǎƛǘȅ ǿƘƻ ǿŀǎ ƴƻǘ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘƛǎ ǿƻǊƪΦ Ϧ²ƛǘƘƻǳǘ ǘƘŜ ƭƻǎǎ Χ ǘƘƛǎ would have required highly 

complex 3-D fabrication methods that likely would not have been possible." In other words, he 

says, the technique they developed "gave them access to 2-D physics that would have been 

conventionally thought impossible." [23] 

 

Photonic crystals reveal their internal characteristics with new method  
A new technique developed by MIT researchers reveals the inner details of photonic crystals, 

synthetic materials whose exotic optical properties are the subject of widespread research.  

Photonic crystals are generally made by drilling millions of closely spaced, minuscule holes in a slab 

of transparent material, using variations of microchip-fabrication methods. Depending on the exact 

orientation, size, and spacing of these holes, these materials can exhibit a variety of peculiar optical 

properties, including "superlensing," which allows for magnification that pushes beyond the 

normal theoretical limits, and "negative refraction," in which light is bent in a direction opposite to 

its path through normal transparent materials.  

But to understand exactly how light of various colors and from various directions moves through 

photonic crystals requires extremely complex calculations. Researchers often use highly simplified 

approaches; for example they may only calculate the behavior of light along a single direction or 

for a single color.  

Instead, the new technique makes the full range of information directly visible. Researchers can 

use a straightforward laboratory setup to display the informationτa pattern of so-called "iso-

frequency contours"τin a graphical form that can be simply photographed and examined, in many 

cases eliminating the need for calculations. The method is described this week in the journal 

Science Advances, in a paper by MIT postdoc Bo Zhen, recent Wellesley College graduate and MIT 

affiliate Emma Regan, MIT professors of physics Marin Soljacic and John Joannopoulos, and four 

others.  

The discovery of this new technique, Zhen explains, came about by looking closely at a 

phenomenon that the researchers had noticed and even made use of for years, but whose origins 

they hadn't previously understood. Patterns of scattered light seemed to fan out from samples of 

photonic materials when the samples were illuminated by laser light. The scattering was surprising, 

since the underlying crystalline structure was fabricated to be almost perfect in these materials.  

"When we would try to do a lasing measurement, we would always see this pattern," Zhen says. 

"We saw this shape, but we didn't know what was happening." But it did help them to get their 

experimental setup properly aligned, because the scattered light pattern would appear as soon as 

the laser beam was properly lined up with the crystal. Upon careful analysis, they realized the 
































































