
Quantum Cocktail on Memory Control 
 

Experiments based on atoms in a shaken artificial crystal made of light offer novel 

insight into the physics of quantum many-body systems, which might help in the 

development of future data-storage technologies. [34] 

A new scheme from researchers in Singapore and Japan could help customers establish 

trust in buying time on such machinesɂand protect companies from dishonest 

customers. [33] 

A joint China-Austria team has performed quantum key distribution between the 

quantum-science satellite Micius and multiple ground stations located in Xinglong (near 

Beijing), Nanshan (near Urumqi), and Graz (near Vienna). [32] 

In the race to build a computer that mimics the massive computational power of the 

human brain, researchers are increasingly turning to memristors, which can vary their 

electrical resistance based on the memory of past activity. [31] 

Engineers worldwide have been developing alternative ways to provide greater memory 

storage capacity on even smaller computer chips. Previous research into two-

dimensional atomic sheets for memory storage has failed to uncover their potentialɂ

until now. [30] 

Scientists used spiraling X-rays at the Department of Energy's Lawrence Berkeley 

National Laboratory (Berkeley Lab) to observe, for the first time, a property that gives 

handedness to swirling electric patterns ɀ dubbed polar vortices ɀ in a synthetically 

layered material. [28] 

To build tomorrow's quantum computers, some researchers are turning to dark excitons, 

which are bound pairs of an electron and the absence of an electron called a hole. [27] 

Concerning the development of quantum memories for the realization of global 

quantum networks, scientists of the Quantum Dynamics Division led by Professor 

Gerhard Rempe at the Max Planck Institute of Quantum Optics (MPQ) have now 

achieved a major breakthrough: they demonstrated the long-lived storage of a photonic 

qubit on a single atom trapped in an optical resonator. [26]  



Achieving strong light-matter interaction at the quantum level has always been a 

central task in quantum physics since the emergence of quantum information and 

quantum control. [25]   

Operation at the single-photon level raises the possibility of developing entirely new 

communication and computing devices, ranging from hardware random number 

generators to quantum computers. [24]   

Considerable interest in new single-photon detector technologies has been scaling in 

this past decade. [23]   

Engineers develop key mathematical formula for driving quantum experiments. [22]   

Physicists are developing quantum simulators, to help solve problems that are beyond 

the reach of conventional computers. [21]   

Engineers at Australia's University of New South Wales have invented a radical new 

architecture for quantum computing, based on novel 'flip-flop qubits', that promises to 

make the large-scale manufacture of quantum chips dramatically cheaper - and easier 

- than thought possible. [20]   

A team of researchers from the U.S. and Italy has built a quantum memory device that 

is approximately 1000 times smaller than similar devicesɂ small enough to install on 

a chip. [19]   

The cutting edge of data storage research is working at the level of individual atoms 

and molecules, representing the ultimate limit of technological miniaturisation. [18]   

This is an important clue for our theoretical understanding of optically controlled 

magnetic data storage media. [17]   

A crystalline material that changes shape in response to light could form the heart of 

novel light-activated devices.  [16]   

Now a team of Penn State electrical engineers have a way to simultaneously control 

diverse optical properties of dielectric waveguides by using a two-layer coating, each 

layer with a near zero thickness and weight. [15]   

Just like in normal road traffic, crossings are indispensable in optical signal processing. 

In order to avoid collisions, a clear traffic rule is required. A new method has now been 

developed at TU Wien to provide such a rule for light signals. [14]   

Researchers have developed a way to use commercial inkjet printers and readily 

available ink to print hidden images that are only visible when illuminated with 



appropriately polarized waves in the terahertz region of the electromagnetic 

spectrum. [13]   

That is, until now, thanks to the new solution devised at TU Wien: for the first time 

ever, permanent magnets can be produced using a 3D printer. This allows magnets to 

be produced in complex forms and precisely customised magnetic fields, required, for 

example, in magnetic sensors. [12]   

For physicists, loss of magnetisation in permanent magnets can be a real concern. In 

response, the Japanese company Sumitomo created the strongest available magnetɂ 

one offering ten times more magnetic energy than previous versionsɂin 1983. [11]   

.Å× ÍÅÔÈÏÄ ÏÆ ÓÕÐÅÒÓÔÒÏÎÇ ÍÁÇÎÅÔÉÃ ÆÉÅÌÄÓȭ ÇÅÎÅÒÁÔÉÏÎ ÐÒÏÐÏÓÅÄ ÂÙ 2ÕÓÓÉÁÎ ÓÃÉÅÎÔÉÓÔÓ ÉÎ 

collaboration with foreign colleagues. [10]   

By showing that a phenomenon dubbed the "inverse spin Hall effect" works in several 

organic semiconductors - including carbon-60 buckyballs - University of Utah 

physicists changed magnetic "spin current" into electric current. The efficiency of this 

new power conversion method isn't yet known, but it might find use in future 

electronic devices including batteries, solar cells and computers. [9]   

Researchers from the Norwegian University of Science and Technology (NTNU) and 

the University of Cambridge in the UK have demonstrated that it is possible to directly 

generate an electric current in a magnetic material by rotating its magnetization. [8]   

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 partÉÃÌÅ ÄÕÁÌÉÔÙ ÁÎÄ ÔÈÅ ÅÌÅÃÔÒÏÎȭÓ ÓÐÉÎ ÁÌÓÏȟ ÂÕÉÌÄÉÎÇ ÔÈÅ ÂÒÉÄÇÅ 

between the Classical and Quantum Theories.    

The changing acceleration of the electrons explains the created negative electric field 

of the magnetic induction, the changing relativistic mass and the Gravitational Force, 

giving a Unified Theory of the physical forces. Taking into account the Planck 

Distribution Law of the electromagnetic oscillators also, we can explain the 

electron/proton mass rate and the Weak and Strong Interactions.   
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Preface      
Surprisingly nobody found strange that by theory the electrons are moving with a constant 

velocity in the stationary electric current, although there is an accelerating force F = q E, 

imposed by the E electric field along the wire as a result of the U potential difference. The 

accelerated electrons are creating a charge density distribution and maintaining the potential 

change along the wire. This charge distribution also creates a radial electrostatic field around 

the wire decreasing along the wire. The moving external electrons in this electrostatic field are 

experiencing a changing electrostatic field causing exactly the magnetic effect, repelling when 

moving against the direction of the current and attracting when moving in the direction of the 

current. This way the A magnetic potential is based on the real charge distribution of the 

electrons caused by their acceleration, maintaining the E electric field and the A magnetic 

potential at the same time.   

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 electromagnetic 

matter. If the charge could move faster than the electromagnetic field, this self maintaining 

electromagnetic property of the electric current would be failed.   

More importantly the accelerating electrons can explain the magnetic induction also. The 

changing acceleration of the electrons will create a ςE electric field by changing the charge 

distribution, increasing acceleration lowering the charge density and decreasing acceleration 

causing an increasing charge density.   

Since the magnetic induction creates a negative electric field as a result of the changing 

acceleration, it works as a relativistic changing electromagnetic mass. If the mass is 

electromagnetic, then the gravitation is also electromagnetic effect. The same charges would 

attract each other if they are moving parallel by the magnetic effect.   

   

   

Quantum cocktail provides insights on memory control   
Experiments based on atoms in a shaken artificial crystal made of light offer novel insight into the 

physics of quantum many-body systems, which might help in the development of future data-

storage technologies. 

The speed of writing and reading out magnetic information from storage devices is limited by the 

time that it takes to manipulate the data carrier. To speed up these processes, researchers have 



recently started to explore the use of ultrashort laser pulses that can switch magnetic 

domains in solid-state materials. This route proved to be promising, but the underlying physical 

mechanisms remain poorly understood. This is largely due the complexity of the magnetic 

materials involved, in which a large number of magnetic entities interact with one another. Such 

so-called quantum many-body systems are notoriously difficult to study. 

Frederik Görg and his colleagues in the group of Prof. Tilman Esslinger in the Department of 

Physics at ETH Zurich (Switzerland) have now used an alternative approach to obtain fresh insight 

into the physics at play in these systems, as they report in a publication that is published today in 

the journal Nature. 

Görg and his co-workers simulated magnetic materials using electrically neutral (but magnetic) 

atoms that they trapped in an artificial crystal made of light. Even if this system is very different 

from the storage materials they emulate, both are governed by similar basic physical principles. In 

contrast to a solid-state environment, however, many unwanted effects resulting for example 

from impurities in the material are absent and all key parameters of the system can be finely 

tuned. Exploiting this reduction of complexity and degree of control, the team was able to monitor 

the microscopic processes in their quantum many-body system and to identify ways to enhance 

and manipulate the magnetic order in their system. 

Most importantly, the ETH physicists demonstrated that by controlled shaking of the crystal in 

which the atoms reside, they could switch between two forms of magnetic order, known as anti-

ferromagnetic and ferromagnetic orderingτan important process for data storage. The 

fundamental understanding gained from these experiments should therefore help to identify and 

understand materials that might serve as the basis for the next generation of data-storage media. 

[34] 

 

 

 

Retrospective test for quantum computers can build trust  
Tech companies are racing to make commercial quantum computers. A new scheme from 

researchers in Singapore and Japan could help customers establish trust in buying time on such 

machinesτand protect companies from dishonest customers. 

Quantum computers have the potential to solve problems that are beyond the reach of even 

today's biggest supercomputers, in areas such as drug modelling and optimisation. 

"Our approach gives a way to generate a proof that a computation was correct, after it has been 

completed," explains Joseph Fitzsimons, a principal investigator at Singapore's Centre for 

Quantum Technologies and Assistant Professor at the Singapore University of Technology and 

Design. Fitzsimons carried out the work with colleague Michal Hajdusek and collaborator 

Tomoyuki Morimae, who is at Kyoto University in Japan. Their proposals are published in Physical 

Review Letters. 

https://phys.org/tags/ultrashort+laser+pulses/
https://phys.org/tags/magnetic+domains/
https://phys.org/tags/magnetic+domains/
https://phys.org/tags/solid-state+materials/
https://phys.org/tags/magnetic+materials/
https://phys.org/tags/magnetic+order/
https://phys.org/tags/materials/


Quantum computers today are bulky, specialised machines that require careful maintenance, 

meaning that people are more likely to access machines owned and operated by a third party than 

to have their ownτlike a quantum version of a cloud service. Customers sending off data and 

programmes to a quantum computer will want to check that their instructions have been carried 

out as they intended. This problem of verification has been tackled before, but previous solutions 

required the customer to interact with the quantum computer while it was running the 

computation. 

That kind of back-and-forth communication isn't necessary in the new scheme. "If you receive a 

result that look fishy, you can choose to verify the result, essentially retrospectively," says 

Fitzsimons. Verification guards against a quantum computer that does not perform correctly 

because of an accidental fault or even malicious tampering. 

The improvement comes from how the calculation is checked. "The approach is completely 

different. We try to produce a state which can be used as a witness to the correctness of the 

computation. The previous approaches had some kind of trap built into the computation that gets 

checked as you go along," explains Fitzsimons. 

The witness state registers each step of the computation. This means it must have as many bits as 

the computation has steps. For example, if a computation has 1000 steps, on 100 qubits, the 

witness would need to be 1100 qubits long. 

The research team present two post-hoc verification schemes, based on different ways of testing 

the witness state. The first requires the customer to be able to send and measure quantum bits. In 

practice, this means they would need some specialized hardware and a line for sending these 

qubits to the owner of the quantum computer. The customer then measures the witness directly. 

In the second scheme, the customer can be without any quantum toolsτcommunication over the 

regular internet would doτbut the quantum computer doing the calculation must be networked 

with five other quantum computers that help to check the witness state, playing a role as provers. 

"It will be difficult to do an experiment to demonstrate post-hoc verification, but maybe not 

impossible", says Fitzsimons. A challenge is the size of the quantum computers available todayτ

the biggest are around 50 qubits. Another is that the networked setups required for the prover 

schemes don't existτat least not yet. 

The researchers wrap up their paper by pointing out an interesting advantage of the post-hoc 

verification scheme: It's not only the customer who could check that a computation was carried 

out correctly. The scheme allows public verifiability. The witness could be checked by a trusted 

third party, such as a court. This could protect the company if, say, a customer claimed the 

computation was not done correctly to avoid paying for the service. [33] 

https://phys.org/tags/computer/
https://phys.org/tags/quantum/
https://phys.org/tags/witness/


 

Real-world intercontinental quantum communications enabled  by 

the Micius satellite  
A joint China-Austria team has performed quantum key distribution between the quantum-science 

satellite Micius and multiple ground stations located in Xinglong (near Beijing), Nanshan (near 

Urumqi), and Graz (near Vienna). Such experiments demonstrate the secure satellite-to-ground 

exchange of cryptographic keys during the passage of the satellite Micius over a ground station. 

Using Micius as a trusted relay, a secret key was created between China and Europe at locations 

separated up to 7,600 km on the Earth. 

Private and secure communications are fundamental for Internet use and e-commerce, and it is 

important to establish a secure network with global protection of data. Traditional public key 

cryptography usually relies on the computational intractability of certain mathematical functions. 

In contrast, quantum key distribution (QKD) uses individual light quanta (single photons) in 

quantum superposition states to guarantee unconditional security between distant parties. 

Previously, the quantum communication distance has been limited to a few hundred kilometers 

due to optical channel losses of fibers or terrestrial free space. A promising solution to this 

problem exploits satellite and space-based links, which can conveniently connect two remote 

points on the Earth with greatly reduced channel loss, as most of the photons' propagation path is 

through empty space with negligible loss and decoherence. 

A cross-disciplinary multi-institutional team of scientists from the Chinese Academy of Sciences, 

led by Professor Jian-Wei Pan, has spent more than 10 years developing a sophisticated satellite, 

Micius, dedicated to quantum science experiments, which was launched on August 2016 and 

orbits at an altitude of ~500 km. Five ground stations in China coordinate with the Micius satellite. 

These are located in Xinglong (near Beijing), Nanshan (near Urumqi), Delingha (37°22'44.43''N, 

97°43'37.01"E), Lijiang (26°41'38.15''N, 100°1'45.55''E), and Ngari in Tibet (32°19'30.07''N, 

80°1'34.18''E). 

Within a year after launch, three key milestones for a global-scale quantum internet were 

achieved: satellite-to-ground decoy-state QKD with kHz rate over a distance of ~1200 km (Liao et 

al. 2017, Nature 549, 43); satellite-based entanglement distribution to two locations on the Earth 

separated by ~1200 km and Bell test (Yin et al. 2017, Science 356, 1140), and ground-to-satellite 

quantum teleportation (Ren et al. 2017, Nature 549, 70). The effective link efficiencies in the 

satellite-based QKD were measured to be ~20 orders of magnitude larger than direct transmission 

through optical fibers at the same length of 1200 km. The three experiments are the first steps 

toward a global space-based quantum internet. 

The satellite-based QKD has now been combined with metropolitan quantum networks, in which 

fibers are used to efficiently and conveniently connect numerous users inside a city over a 

distance scale of ~100 km. For example, the Xinglong station has now been connected to the 

metropolitan multi-node quantum network in Beijing via optical fibers. Very recently, the largest 

fiber-based quantum communication backbone has been built in China, also by Professor Pan's 

team, linking Beijing to Shanghai (going through Jinan and Hefei, and 32 trustful relays) with a 



fiber length of 2000 km. The backbone is being tested for real-world applications by government, 

banks, securities and insurance companies. 

 

One-time-pad file transfer. Credit: University of Science and Technology of China 

The Micius satellite can be further exploited as a trustful relay to conveniently connect any two 

points on Earth for high-security key exchange. To further demonstrate the Micius satellite as a 

robust platform for quantum key distribution with different ground stations on Earth, QKD from 

the Micius satellite to Garz ground station near Vienna has also been performed successfully this 

June in collaboration with Professor Anton Zeilinger of Austrian Academy of Sciences. The satellite 

thus establishes a secure key between itself and, say, Xinglong, and another key between itself 

and, say, Graz. Then, upon request from the ground command stations, Micius acts as a trusted 

relay. It performs bitwise exclusive OR operations between the two keys and relays the result to 

one of the ground stations. That way, a secret key is created between China and Europe at 

locations separated by 7600 km on Earth. This work points towards an efficient solution for an 

ultra-long-distance global quantum network. 

https://phys.org/tags/quantum+key+distribution/
https://phys.org/tags/ground+stations/
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/2018/1-realworldint.jpg


A picture of Micius (with a size of 5.34 kB) was transmitted from Beijing to Vienna, and a picture of 

Schrödinger (with a size of 4.9 kB) from Vienna to Beijing, using approximately 80 kbit secure 

quantum key for one-time-pad encoding. 

An intercontinental videoconference was also held between the Chinese Academy of Sciences and 

the Austria Academy of Sciences, employing the Advanced Encryption Standard (AES)-128 protocol 

that refreshed the 128-bit seed keys every second. The videoconference lasted for 75 min with a 

total data transmission of ~2 GB, which included ?560 kbit of the quantum key exchanged 

between Austria and China. The study will be published in Physical Review Letters. [32] 

 

 

 

 

Team takes a deep look at memristors  
In the race to build a computer that mimics the massive computational power of the human brain, 

researchers are increasingly turning to memristors, which can vary their electrical resistance based 

on the memory of past activity. Scientists at the National Institute of Standards and Technology 

(NIST) have now unveiled the long-mysterious inner workings of these semiconductor elements, 

which can act like the short-term memory of nerve cells. 

Just as the ability of one nerve cell to signal another depends on how often the cells have 

communicated in the recent past, the resistance of a memristor depends on the amount of 

current that recently flowed through it. Moreover, a memristor retains that memory even when 

electrical power is switched off. 

But despite the keen interest in memristors, scientists have lacked a detailed understanding of 

how these devices work and have yet to develop a standard toolset to study them. 

Now, NIST scientists have identified such a toolset and used it to more deeply probe how 

memristors operate. Their findings could lead to more efficient operation of the devices and 

suggest ways to minimize the leakage of current. 

Brian Hoskins of NIST and the University of California, Santa Barbara, along with NIST scientists 

Nikolai Zhitenev, Andrei Kolmakov, Jabez McClelland and their colleagues from the University of 

Maryland's NanoCenter in College Park and the Institute for Research and Development in 

Microtechnologies in Bucharest, reported the findings in a recent Nature Communications. 

To explore the electrical function of memristors, the team aimed a tightly focused beam of 

electrons at different locations on a titanium dioxide memristor. The beam knocked free some of 

the device's electrons, which formed ultrasharp images of those locations. The beam also induced 

four distinct currents to flow within the device. The team determined that the currents are 

associated with the multiple interfaces between materials in the memristor, which consists of two 

metal (conducting) layers separated by an insulator. 

https://phys.org/tags/device/


"We know exactly where each of the currents are coming from because we are controlling the 

location of the beam that is inducing those currents," said Hoskins. 

In imaging the device, the team found several dark spotsτregions of enhanced conductivityτ

which indicated places where current might leak out of the memristor during its normal operation. 

These leakage pathways resided outside the memristor's coreτwhere it switches between the 

low and high resistance levels that are useful in an electronic device. The finding suggests that 

reducing the size of a memristor could minimize or even eliminate some of the unwanted current 

pathways. Although researchers had suspected that might be the case, they had lacked 

experimental guidance about just how much to reduce the size of the device. 

Because the leakage pathways are tiny, involving distances of only 100 to 300 nanometers, "you're 

probably not going to start seeing some really big improvements until you reduce dimensions of 

the memristor on that scale," Hoskins said. 

To their surprise, the team also found that the current that correlated with the memristor's switch 

in resistance didn't come from the active switching material at all, but the metal layer above it. 

The most important lesson of the memristor study, Hoskins noted, "is that you can't just worry 

about the resistive switch, the switching spot itself, you have to worry about everything around 

it." The team's study, he added, "is a way of generating much stronger intuition about what might 

be a good way to engineer memristors." [31] 

 

 

 

Ultra -thin memory storage device paves way for more powerful 

computing  
Engineers worldwide have been developing alternative ways to provide greater memory storage 

capacity on even smaller computer chips. Previous research into two-dimensional atomic sheets 

for memory storage has failed to uncover their potentialτuntil now. 

A team of electrical engineers at The University of Texas at Austin, in collaboration with Peking 

University scientists, has developed the thinnest memory storage device with 

dense memory capacity, paving the way for faster, smaller and smarter computer chips for 

everything from consumer electronics to big data to brain-inspired computing. 

"For a long time, the consensus was that it wasn't possible to make memory devices from 

materials that were only one atomic layer thick," said Deji Akinwande, associate professor in the 

Cockrell School of Engineering's Department of Electrical and Computer Engineering. "With our 

new 'atomristors,' we have shown it is indeed possible." 

Made from 2-D nanomaterials, the "atomristors"τa term Akinwande coinedτimprove upon 

memristors, an emerging memory storage technology with lower memory scalability. He and his 

team published their findings in the January issue of Nano Letters. 

https://phys.org/tags/memristor/
https://phys.org/tags/memory+storage/
https://phys.org/tags/memory/


"Atomristors will allow for the advancement of Moore's Law at the system level by enabling the 3-

D integration of nanoscale memory with nanoscale transistors on the same chip for advanced 

computing systems," Akinwande said. 

Memory storage and transistors have, to date, always been separate components on a microchip, 

but atomristors combine both functions on a single, more efficient computer system. By using 

metallic atomic sheets (graphene) as electrodes and semiconducting atomic sheets (molybdenum 

sulfide) as the active layer, the entire memory cell is a sandwich about 1.5 nanometers thick, 

which makes it possible to densely pack atomristors layer by layer in a plane. This is a substantial 

advantage over conventional flash memory, which occupies far larger space. In addition, the 

thinness allows for faster and more efficient electric current flow. 

Given their size, capacity and integration flexibility, atomristors can be packed together to make 

advanced 3-D chips that are crucial to the successful development of brain-inspired computing. 

One of the greatest challenges in this burgeoning field of engineering is how to make a memory 

architecture with 3-D connections akin to those found in the human brain. 

"The sheer density of memory storage that can be made possible by layering these synthetic 

atomic sheets onto each other, coupled with integrated transistor design, means we can 

potentially make computers that learn and remember the same way our brains do," Akinwande 

said. 

The research team also discovered another unique application for the technology. In existing 

ubiquitous devices such as smartphones and tablets, radio frequency switches are used to connect 

incoming signals from the antenna to one of the many wireless communication bands in order for 

different parts of a device to communicate and cooperate with one another. This activity can 

significantly affect a smartphone's battery life. 

The atomristors are the smallest radio frequency memory switches to be demonstrated with no 

DC battery consumption, which can ultimately lead to longer battery life. 

"Overall, we feel that this discovery has real commercialization value as it won't disrupt existing 

technologies," Akinwande said. "Rather, it has been designed to complement and integrate with 

the silicon chips already in use in modern tech devices." [30] 

 

 

 

X-rays reveal chirality in swirling electric vortices  
Scientists used spiraling X-rays at the Department of Energy's Lawrence Berkeley National 

Laboratory (Berkeley Lab) to observe, for the first time, a property that gives handedness to 

swirling electric patterns ς dubbed polar vortices ς in a synthetically layered material. 

https://phys.org/tags/atomic+sheets/
https://phys.org/tags/storage/


This property, also known as chirality, potentially opens up a new way to store data by controlling 

the left- or right-handedness in the material's array in much the same way magnetic materials are 

manipulated to store data as ones or zeros in a computer's memory. 

Researchers said the behavior also could be explored for coupling to magnetic or optical (light-

based) devices, which could allow better control via electrical switching. 

Chirality is present in many forms and at many scales, from the spiral-staircase design of our own 

DNA to the spin and drift of spiral galaxies; it can even determine whether a molecule acts as a 

medicine or a poison in our bodies. 

A molecular compound known as d-glucose, for example, which is an essential ingredient for 

human life as a form of sugar, exhibits right-handedness. Its left-handed counterpart, l-glucose, 

though, is not useful in human biology. 

"Chirality hadn't been seen before in this electric structure," said Elke Arenholz, a senior staff 

scientist at Berkeley Lab's Advanced Light Source (ALS), which is home to the X-rays that were key 

to the study, published Jan. 15 in the journal Proceedings of the National Academy of Sciences. 

The experiments can distinguish between left-handed chirality and right-handed chirality in the 

samples' vortices. "This offers new opportunities for fundamentally new science, with the 

potential to open up applications," she said. 

"Imagine that one could convert a right-handed form of a molecule to its left-handed form by 

applying an electric field, or artificially engineer a material with a particular chirality," said 

Ramamoorthy Ramesh, a faculty senior scientist in Berkeley Lab's Materials Sciences Division and 

associate laboratory director of the Lab's Energy Technologies Area, who co-led the latest study. 

Ramesh, who is also a professor of materials science and physics at UC Berkeley, custom-made the 

novel materials at UC Berkeley. 

Padraic Shafer, a research scientist at the ALS and the lead author of the study, worked with 

Arenholz to carry out the X-ray experiments that revealed the chirality of the material. 



 

This diagram shows the setup for the X-ray experiment that explored chirality, or handedness, in a 

layered material. The blue and red spirals at upper left show the X-ray light that was used to probe 

the material. The X-rays scattered off Χmore 

The samples included a layer of lead titanate (PbTiO3) and a layer of strontium titanate (SrTiO3) 

sandwiched together in an alternating pattern to form a material known as a superlattice. The 

materials have also been studied for their tunable electrical properties that make them candidates 

for components in precise sensors and for other uses. 

Neither of the two compounds show any handedness by themselves, but when they were 

combined into the precisely layered superlattice, they developed the swirling vortex structures 

that exhibited chirality. 

"Chirality may have additional functionality," Shafer said, when compared to devices that use 

magnetic fields to rearrange the magnetic structure of the material. 

The electronic patterns in the material that were studied at the ALS were first revealed using a 

powerful electron microscope at Berkeley Lab's National Center for Electron Microscopy, a part of 

the Lab's Molecular Foundry, though it took a specialized X-ray technique to identify their chirality. 

"The X-ray measurements had to be performed in extreme geometries that can't be done by most 

experimental equipment," Shafer said, using a technique known as resonant soft X-ray diffraction 

that probes periodic nanometer-scale details in their electronic structure and properties. 

Spiraling forms of X-rays, known as circularly polarized X-rays, allowed researchers to measure 

both left-handed and right-handed chirality in the samples. 

https://phys.org/news/2018-01-x-rays-reveal-chirality-swirling-electric.html?utm_source=menu&utm_medium=link&utm_campaign=item-menu


Arenholz, who is also a faculty member of the UC Berkeley Department of Materials Science & 

Engineering, added, "It took a lot of time to understand the results, and a lot of modeling and 

discussions." Theorists at the University of Cantabria in Spain and their network of computational 

experts performed calculations of the vortex structures that aided in the interpretation of the X-

ray data. 

The same science team is pursuing studies of other types and combinations of materials to test the 

effects on chirality and other properties. 

"There is a wide class of materials that could be substituted," Shafer said, "and there is the hope 

that the layers could be replaced with even higher functionality materials." 

Researchers also plan to test whether there are new ways to control the chirality in these layered 

materials, such as by combining materials that have electrically switchable properties with those 

that exhibit magnetically switchable properties. 

"Since we know so much about magnetic structures," Arenholz said, "we could think of using this 

well-known connection with magnetism to implement this newly discovered property into 

devices." [28] 

 

Using the dark side of excitons for quantum computing  
To build tomorrow's quantum computers, some researchers are turning to dark excitons, which 

are bound pairs of an electron and the absence of an electron called a hole. As a promising 

quantum bit, or qubit, it can store information in its spin state, analogous to how a regular, 

classical bit stores information in its off or on state. But one problem is that dark excitons do not 

emit light, making it hard to determine their spins and use them for quantum information 

processing. 

In new experiments, however, not only can researchers read the spin states of dark excitons, but 

they can also do it more efficiently than before. Their demonstration, described this week in APL 

Photonics, can help researchers scale up dark exciton systems to build larger devices 

for quantum computing. 

"Large photon extraction and collection efficiency is required to push experiments beyond the 

proof-of-principle stage," said Tobias Heindel of the Technical University of Berlin. 

When an electron in a semiconductor is excited to a higher energy level, it leaves behind a hole. 

But the electron can still be bound to the positively charged hole, together forming an exciton. 

Researchers can trap these excitons in quantum dots, nanoscale semiconductor particles whose 

quantum properties are like those of individual atoms. 

If the electron and hole have opposite spins, the two particles can easily recombine and emit a 

photon. These electron-hole pairs are called bright excitons. But if they have the same spins, the 

electron and hole cannot easily recombine. The exciton can't emit light and is thus called a dark 

exciton. 
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This darkness is part of why dark excitons are promising qubits. Because dark excitons cannot emit 

light, they can't relax to a lower energy level. Therefore, dark excitons persist with a relatively long 

life, lasting for over a microsecondτa thousand times longer than a bright exciton and long 

enough to function as a qubit. 

Still, the darkness poses a challenge. Because the dark exciton is closed off to light, you can't use 

photons to read the spin statesτor any information a dark exciton qubit may contain. 

But in 2010, a team of physicists at the Technion-Israel Institute of Technology figured out how to 

penetrate the darkness. It turns out that two excitons together can form a metastable state. When 

this so-called spin-blockaded biexciton state relaxes to a lower energy level, it leaves behind a dark 

exciton while emitting a photon. By detecting this photon, the researchers would know a dark 

exciton was created. 

To then read the spin of the dark exciton, the researchers introduce an additional electron or hole. 

If the new charge carrier is a spin-up electron, for example, it combines with the spin-down hole of 

the dark exciton, forming a bright exciton that quickly decays and produces a photon. The dark 

exciton is destroyed. But by measuring the polarization of the emitted photon, the researchers can 

determine what the dark exciton's spin was. 

Like in the 2010 experiments, the new ones measure dark excitons inside quantum dots. But 

unlike the earlier study, the new experiments use a microlens that fits over an individual quantum 

dot that was selected in advance. The lens allows researchers to capture and measure more 

photons, crucial for larger-scale quantum information devices. Their approach also lets them 

choose the brightest quantum dots to measure. 

"This means we can detect more photons of the related exciton states per time, which allows us to 

access the dark exciton spins more often," Heindel said. 

Measuring the dark exciton spins also reveals the frequency of its precession, an oscillation 

between a state in which the spins are either up or down. Knowing this number, Heindel 

explained, is needed when using dark excitons to generate quantum states of light that are 

promising for quantum information applications. For these states, called cluster states of 

entangled photons, the quantum mechanical properties are preserved even if parts of the state 

are destroyedτneeded for error-resistant quantum information systems. 

 

 

Quantum memory with record -breaking capacity based on laser -

cooled atoms  
The emerging domain of parallelized quantum information processing opens up new possibilities 

for precise measurements, communication and imaging. Precise control of multiple stored 

photons allows efficient handling of this subtle information in large amounts. In the Quantum 

Memories Laboratory at Faculty of Physics, University of Warsaw, a group of laser-cooled atoms 
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has been used as a memory that can store up to 665 quantum states of light simultaneously. The 

experimental results have been published in Nature Communications. 

Every information processing task requires memory. Quantum memory is capable of storage and 

on-demand retrieval of quantum states. The key parameter of such memory is its capacity, the 

number of qubits (quantum bits) that the memory can effectively process. Simultaneous operation 

on many qubits is a key to efficient quantum parallel computation, providing new possibilities in 

the fields on imaging or communication. 

The on demand generation of many photons remains a key challenge for experimental groups 

dealing with quantum information. For a widely-used method of multiplexing single-photon 

emitters into one network, the complexity of the system grows along with its advantages. 

Using quantum memory, researchers can generate a group of a dozen photons within seconds 

rather than years. Spatial multiplexing aided by a single-photon sensitive camera stands out as an 

effective way to obtain high capacity at low cost. 

In the Quantum Memories Laboratory (Faculty of Physics, University of Warsaw), researchers have 

built such high-capacity memory. The system holds a world record for the largest capacity, as 

other experiments have only harnessed tens of independent states of light. The heart of the setup 

comprises a so-called magneto-optical trap (MOT). A group of rubidium atoms inside a glass 

vacuum chamber is trapped and cooled by lasers in the presence of a magnetic field to about 20 

micro-Kelvins. The memory light-atoms interface is based on off-resonant light scattering. In the 

write-in process, the cloud of atoms is illuminated by a laser beam, resulting in photon scattering. 

Each scattered photon is emitted in a random direction and registered on a sensitive camera. The 

information about scattered photons is stored inside the atomic ensemble in the form of collective 

excitationsτspin-waves that can be retrieved on demand as another group of photons. By 

measuring correlations between emission angles of photons created during the write-in and read-

out process, the researchers determined that the memory is, indeed, quantum, and that the 

properties of the generated state of light cannot be described by classical optics. The prototype 

quantum memory from Faculty of Physics at University of Warsaw now takes two optical tables 

and functions with the help of nine lasers and three control computers. [27] 

 

Long-lived storage of a photonic qubit for worldwide teleportation  
Concerning the development of quantum memories for the realization of global quantum 

networks, scientists of the Quantum Dynamics Division led by Professor Gerhard Rempe at the 

Max Planck Institute of Quantum Optics (MPQ) have now achieved a major breakthrough: they 

demonstrated the long-lived storage of a photonic qubit on a single atom trapped in an optical 

resonator. The coherence time of the stored quantum bit outlasts 100 milliseconds and therefore 

matches the requirement for the creation of a global quantum network in which qubits are 

directly teleported between end nodes. "The coherence times that we achieve represent an 

improvement by two orders of magnitude compared to the current state-of-the-art," says 

Professor Rempe. The study is published in Nature Photonics today. 
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Light is an ideal carrier for quantum information encoded on single photons, but transfer over long 

distances is inefficient and unreliable due to losses. Direct teleportation between the end nodes of 

a network can be utilized to prevent the loss of precious quantum bits. First, remote 

entanglement has to be created between the nodes; then, a suitable measurement on the sender 

side triggers the "spooky action at a distance," i.e. the instantaneous transport of the qubit to the 

receiver's node. However, the quantum bit may be rotated when it reaches the receiver and 

hence has to be reverted. To this end, the necessary information has to be classically 

communicated from sender to receiver. This takes a certain amount of time, during which the 

qubit has to be preserved at the receiver. Considering two network nodes at the most distant 

places on earth, this corresponds to a time span of 66 milliseconds. 

In 2011, Professor Rempe's group has demonstrated a successful technique for storing a photonic 

quantum bit on a single atom. The atom is placed in the centre of an optical cavity which is formed 

by two high-finesse mirrors and hold in place by standing light waves. A single photon which 

carries the quantum bit in a coherent superposition of two polarization states starts to strongly 

interact with the single atom once it is sent into the resonator. Ultimately, the photon is absorbed 

by the atom and the quantum bit is transferred into a coherent superposition of two atomic 

states. The challenge is to maintain the atomic superposition as long as possible. In former 

experiments, the storage time was limited to a few hundreds of microseconds. 

"The major problem for storing quantum bits is the phenomenon of dephasing," explains Stefan 

Langenfeld, a doctoral candidate at the experiment. "Characteristic of a quantum bit is the relative 

phase of the wave functions of the atomic states that are coherently superimposed. 

Unfortunately, in real-world experiments, this phase relation is lost over time mostly due to 

interaction with fluctuating ambient magnetic fields." 

In their current experiment, the scientists take new measures to counteract the impact of those 

fluctuations. Once the information is transferred from the photon to the atom, the population of 

one atomic state is coherently transferred to another state. This is done by using a pair of laser 

beams to induce a Raman transition. In this new configuration, the stored qubit is 500 times less 

sensitive to magnetic field fluctuations. 

Before the retrieval of the stored photonic quantum bit, the Raman transition is reversed. For a 

storage time of 10 milliseconds, the overlap of the stored photon with the retrieved photon is 

about 90%. This means, that the mere transfer of the atomic qubit to a less sensitive state 

configuration extends the coherence time by a factor of 10. Another factor of 10 was gained by 

adding a so-called "spin echo" to the experimental sequence. Here, the population of the two 

atomic states used for storage is swapped in the middle of the storage time. "The new technique 

allows us to preserve the quantum nature of the stored bit for more than 100 milliseconds," says 

Matthias Körber, a doctoral candidate at the experiment. "Although an envisioned global quantum 

network which allows for secure and reliable transport of quantum information still demands a lot 

of research, the long-lived storage of quantum bits is one of the key technologies and we believe 

that the current improvements will bring us a significant step closer to its realization." [26] 
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Microcavity -engineered plasmonic resonances for strong 

lightmatter interaction  
Achieving strong light-matter interaction at the quantum level has always been a central task in 

quantum physics since the emergence of quantum information and quantum control. However, 

the scale mismatch between the quantum emitters (nanometers) and photons (micrometers) 

makes the task challenging. Metallic nanostructures resolve the mismatch by squeezing the light 

into nanoscale volume, but their severe dissipations make quantum controls unlikely. Now, a 

group led by Xiao Yun-Feng at Peking University (China) has theoretically demonstrated that the 

strong light-matter interaction at quantum level can be achieved using microcavity-engineered 

metallic nanostructures. This result has been published in a recent issue of Physical Review 

Letters.  

  

Strong coupling is fundamental to implementing quantum gates in quantum computers and also 

crucial to increasing the signal-to-noise ratio in sensing applications. To realize strong coupling, 

the coherent interaction strength should exceed the system dissipation rates. Although the 

metallic nanostructures provide high interaction rate, the dissipations intrinsic to metals are 

usually even stronger. As a result, strong coupling in metallic nanostructures has only been 

realized in extreme experimental conditions.  

In this work, the researchers report that the dissipation can be suppressed by engineering the 

electromagnetic environment of metallic nanostructures. An optical microcavity provides a 

nontrivial electromagnetic environment which substantially broadens the radiative output channel 

of the metallic nanostructures, guiding the energy out from the dissipative region and thus 

suppressing the dissipations. With such an interface, energy and information can be guided out 

from the single quantum emitter at both high speed and high efficiency.  

"Theoretical model shows that microcavities-engineered metallic structures can boost the 

radiation efficiency of a quantum emitter by 40 times and the radiation output rate by 50 times, 

compared to metallic nanostructures in the vacuum", said Peng Pai, who was an undergraduate 

at Peking University and now is a Ph.D. student at Massachusetts Institute of Technology. 

Importantly, reversible energy exchange between the photon and the quantum emitter at THz 

rate can be achieved, manifesting the strong light-matter interaction at the quantum level.  

"Our approach to reducing the dissipations is not restricted by the scale, shape, and material of 

the metallic nanostructures," said Professor Xiao. "In combination with previous approaches, it 

is promising to build the state-of-the-art light-matter interface at nanoscale using 

microcavityengineered metallic nanostructures, providing a new platform for the study of 

quantum plasmonics, quantum information processing, precise sensing and advanced 

spectroscopy."  
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Physicists develop new design for fast, single -photon guns   
Researchers from the Moscow Institute of Physics and Technology and the University of Siegen 

have explained the mechanism of single-photon generation in diamond diodes. Their findings, 

published in Physical Review Applied, offer new avenues for the development of high-speed 

single-photon sources for quantum communication networks and quantum computers of the 

future.   

Operation at the single-photon level raises the possibility of developing entirely new 

communication and computing devices, ranging from hardware random number generators to 

quantum computers. Perhaps the most highly anticipated quantum technology is quantum 

communication. Quantum cryptography, which is based on the laws of quantum physics, 

guarantees unconditional communication security. In other words, it is fundamentally 

impossible to intercept the transmitted message, no matter the equipment or amount of 

computing power available to the hacker. Even a powerful quantum computer cannot help in 

this case. However, the implementation of quantum communication lines and other quantum 

devices inevitably relies on efficient single-photon sources.   

It is a practical necessity that single-photon sources operate under standard conditions and be 

electrically pumped, that is, they should work at room temperature and be powered by a 

battery. These crucial requirements are not that easy to meet. First, quantum systems are not 

really compatible with high temperatures, which means they must operate in a refrigerator or 

cryostat in order to cool them to the temperature of liquid helium or even colder, to below 1 

kelvin, which is equal to -272 degrees Celsius. Although the use of such devices has become 

standard practice in physical research, a cooling system of this kind is wildly impractical, 

inhibiting mass production of quantum devices. Also, the notion of a quantum system implies 

the absence of uncontrolled interactions with the surrounding environment. A classic example 

of such a system is a single atom in a vacuum chamber. Though its interaction with the 

environment is negligible, physicists can nevertheless control its electron states with a laser. By 

illuminating the chamber with a laser beam, an electron is promoted from an occupied 

lowerenergy orbital to an empty higher-energy orbital. After that, the atom relaxes to the initial 

state via photon emission. The problem is that such a system cannot be electrically pumped.   

Over the past two decades, ongoing research in the field of quantum optics and electronics has 

shown that even semiconductor quantum systems do not produce satisfactory results under 

electrical pumping at room temperature, whereas many of the other materials do not conduct 

electricity at all.   

The surprising solution to this problem was previously found in diamond, a material that exhibits 

properties at the interface between semiconductors and dielectrics. Researchers found that 

certain points in the crystal lattice of diamond can function as quantum systems with 

outstanding photon emission characteristics. Moreover, they found that these quantum systems 

are capable of emitting single photons when an electric current is passed through diamond. 

Nevertheless, the physics behind this phenomenon remained unknown and it was unclear how 

to design fast and efficient single-photon sources based on color centers.   



In the new paper, the researchers from MIPT and the University of Siegen established a 

mechanism of single-photon emission from electrically pumped nitrogen-vacancy centers in 

diamond and determined the factors affecting photon emission dynamics. According to their 

research, the single-photon emission process can be divided into three stages: (1) the electron 

capture by a color center, (2) the hole capture, meaning the loss of an electron, and (3) the 

electron or hole transitions between energy levels of the color center. Together, these three 

stages are analogous to a firing revolver.   

Shooting a bullet in this analogy means emitting a single photon. An electron is captured by the 

defectτthink of this as pulling back the hammer of a gun. Then the trigger is pulled, which sets 

the triggering mechanism in motion, throwing the hammer against the primer of the cartridge. 

This reversed motion of the hammer corresponds to the capture of a hole by the color center. 

Then the primer explodes, igniting the propellant, and the combustion gases drive the bullet 

along and out of the barrel. Similarly, the captured hole in the color center undergoes 

transitions between ground and excited states, which results in the emission of a photon.  

Subsequent cycles repeat the first cycle, with the exception that there is no need for a new 

cartridge, because the color center is capable of emitting any number of photons one at a time.   

An important requirement for a practical single-photon source is that it has to emit photons at 

predetermined times, since the moment the photon is emitted, it flies away at the speed of 

light. "In a way, it's like a fast-draw duel in the Wild West," says Dmitry Fedyanin. "Two cowboys 

draw their guns the moment the clock strikes. Whoever shoots first is usually the winner. Any 

delay might cost each one of them his life. With quantum devices, the story is pretty much the 

same: It is crucial to generate a photon at precisely the time we need it." In their paper, the 

researchers show what determines the response time of a single-photon source, that is, the 

delay before the source emits a photon. They also evaluated the probability of emitting a new 

photon at time t after the emission of the first photon. As it turns out, the response time can be 

adjusted and improved several orders of magnitude by changing the characteristics of diamond 

via doping or controlling the densities of electrons and holes injected into diamond. Apart from 

this, Fedyanin says, the initial state of the color center can be controlled by varying its position 

in the diamond diode. This is similar to how a gunslinger might cock the revolver for a faster 

shot or put the gun on half cock.   

The physical model advanced by the researchers sheds light on the behavior of color centers in 

diamond. In addition to providing a qualitative interpretation, the proposed theoretical 

approach reproduces recent experimental results. This opens up a new possibility for the design 

and development of practical single-photon sources with desired characteristics, which are vital 

for the realization of quantum information devices, such as unconditionally secure 

communication lines based on quantum cryptography. [24]   
































































