Stop Hacking by Supercomputers

IT experts at Monash University have devised the world's leading post-quantum secure
privacy-preserving algorithm - so powerful it can thwart attacks from supercomputers
of the future. [35]

The researchers have focussed on a complex quantum property known
as entanglement, which is a vital ingredient in the quest to protect sensitive data. [34]

Cryptography is a science of data encryption providing its confidentiality and integrity.

[33]

Researchers at the University of Sheffield have solved a key puzzle in quantum physics
that could help to make data transfer totally secure. [32]

"The realization of such all-optical single-photon devices will be a large step towards
deterministic multi-mode entanglement generation as well as high-fidelity photonic
quantum gates that are crucial for all-optical quantum information processing," says
Tanji-Suzuki. [31]

Researchers at ETH have now used attosecond laser pulses to measure the time
evolution of this effect in molecules. [30]

A new benchmark quantum chemical calculation of Cz, Siz, and their hydrides reveals a
qualitative difference in the topologies of core electron orbitals of organic molecules

and their silicon analogues. [29]

A University of Central Florida team has designed a nanostructured optical sensor that
for the first time can efficiently detect molecular chirality—a property of molecular

spatial twist that defines its biochemical properties. [28]

UCLA scientists and engineers have developed a new process for assembling

semiconductor devices. [27]

A new experiment that tests the limit of how large an object can be before it ceases to
behave quantum mechanically has been proposed by physicists in the UK and India.

[26]
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Phonons are discrete units of vibrational energy predicted by quantum mechanics that
correspond to collective oscillations of atoms inside a molecule or a crystal. [25]

This achievement is considered as an important landmark for the realization of
practical application of photon upconversion technology. [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 devices— 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]
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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 magnet—
one offering ten times more magnetic energy than previous versions—in 1983. [11]

New method of superstrong magnetic fields’ generation proposed by Russian scientists
in 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 particle duality and the electron’s spin also, building the bridge
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 —E 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.



World-first program to stop hacking by supercomputers
IT experts at Monash University have devised the world's leading post-quantum secure privacy-
preserving algorithm — so powerful it can thwart attacks from supercomputers of the future.

The Lattice-Based One Time Ring Signature (L2RS) enhanced security and privacy-preserving
features enable large transactions and transfer of data without risk of being hacked
by guantum computers and privacy revoked by unauthorised users.

Monash IT experts consider L2RS as a significant leap forward in maintaining data security, user
privacy and integrity for blockchain technology as the race to build powerful quantum computers
gains momentum.

Senior Lecturer and Director of the Blockchain Research Lab at Monash, Dr. Joseph Liu, says data
security will become essential as quantum computing gets closer to being able to unravel the
technology that underpins the security of blockchains—a milestone estimated to reach the world
within the next 10 years.

"The L2RS deploys cryptographical techniques to protect the privacy of users. It allows any user
to hide his identity among a group of users. The transaction amount will be hidden as well. No
one knows how much money has been transferred in each transaction," Dr. Liu said.

"It is also post-quantum secure. That is, even in the existence of the future powerful
guantum computer—which can easily break the current security algorithms such as RSA—HCash
is still secure, and user privacy remains preserved," he said.

Dr. Liu said blockchain has legitimate potential to change the world to create new foundations
for economic and social systems, and a working quantum computer could, in theory, break
today's cryptography.

"Therefore, HCash has a significant advantage over other cryptocurrency exchanges even after
the practical rise of quantum computers," he said.

The L2RS algorithm was announced at the 23rd Australasian Conference on Information Security
and Privacy. [35]

New study could hold key to hack-proof systems

Major data breaches have made worldwide headlines of late but an international consortium of
scientists—including a professor from Heriot-Watt—have developed a new technique that could
result in hack-proof systems.

The researchers have focussed on a complex quantum property known as entanglement, which
is a vital ingredient in the quest to protect sensitive data.
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In a new paper published today in Nature Physics, the team of scientists from Austria, the Czech
Republic, and the UK, reveal a more advanced and noise-robust way to measure the
entanglement of high-dimensional quantum systems.

Entangled particles of light behave in an identical manner, irrespective of how far apart they may
be. Measurements made on a pair of entangled light particles would always result in correlated
outcomes, even if they were physically on different planets. The outcomes of these
measurements represent different quantum levels, which can be used as a "quantum alphabet"
for encoding information.

As such, entangled states can be used to generate shared strings of random information across
large distances, which form an essential part of data encryption. Any attempts to hack this
communication would destroy the sensitive entanglement between the two particles and reveal
the presence of the attacker.

Titled "Measurements in two bases are sufficient for certifying high-dimensional entanglement,
the research has been led by the Institute of Quantum Optics and Quantum Information (1Q0QlI)
in Vienna.

Professor Mehul Malik from Heriot-Watt's School of Engineering and Physical Sciences, who led
the experimental aspect of this new research, said on the discovery: "The most surprising thing
about our method is that it requires only two measurements to work, irrespective of how large
or complex the entangled state may be!"

Applying their newly developed technique to photons entangled in their spatial structure, the
group was able to conclude the structure of entanglement can be unveiled and proven to be
truly high-dimensional. They achieved a world record for the highest unconditional
dimensionality of entanglement in an experiment of this kind—nine dimensions.

The group is currently looking into a more direct use of this technique in actual quantum
cryptography protocols, and expect their technique to be widely applied in
other guantum systems such as atoms and superconducting circuits. [34]

Researcher develops algorithm to improve information security
tools

Cryptography is a science of data encryption providing its confidentiality and integrity. After
cryptographic transformations (the basis of encryption algorithms) are applied, only users that
possess a relevant key can have access to the initial text.

Transformations based on elliptical curves have been widely used for data protection recently.
They provide the same security levels as other types of cryptographic algorithms but require
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substantially shorter keys. These transformations are in high demand due to the fact that
modern technologies aim at the reduction of memory and computational power consumption.

Mobile devices, blockchain technologies, and the Internet of things require new safety measures,
raising the demand for new cryptographic transformation algorithms with lower computational
power consumption. The Internet of things is a concept according to which devices communicate
not only with the users, but also with each other. Blockchain technologies also cover the Internet
of things, and personal mobile devices and are based on digital signature technology.

The main mathematical operation in transformations based on elliptical curves is scalar
multiplication, in which a point on an elliptical curve is multiplied by a parameter (scalar). The
main disadvantage of scalar multiplication is its high calculational complexity, which may be
reduced by using efficient algorithms with lower complexity and therefore lower computational
power consumption.

"In the course of the study we found an algorithm and identified different parameters of its
operation. When these parameters are used, and depending on available memory volumes and
the value of the scalar, the algorithm allows us to perform scalar multiplication—the main
operation on the elliptical curve—with minimum computational power consumption," said Denis
Khleborodov, the author of the article, Ph.D., CCIE Security, and a researcher at MSU.

The new algorithm is based on window non-adjacent form of scalar representation that is
classified as an algorithm with a precomputation step. Precomputations are single-time
calculations that are performed before the main part of the work, and their results are saved in
the memory. The main advantage of algorithms with precomputations is the division of
calculation into two parts: the precomputations themselves followed by the new calculations
reusing their results. Therefore, the computational complexity of consecutive scalar
multiplication operations is reduced.

The author also performed comparative analysis of the obtained result with another effective
algorithm based on the same method. The scientist managed to reduce the average
computational complexity of the precomputation stage by 5 percent to 46 percent, and of the
main stage—by 4 percent to 22 percent depending on the input data.

The new algorithm may be used on blockchain platforms for digital signing of transactions and
authentication, as well as on the Internet of things for the authentication of its devices, in session
keys development protocols for the encryption of transferred data, and to secure the integrity of
transmitted information.

"We expect to develop an improved algorithm based on the sliding window non-adjacent form of
scalar representation, i.e. with changeable parameters of precomputations. We also want to
adapt the algorithms for simultaneous calculations. The results may be used in security features
of the Internet of things and blockchain platforms," concluded the scientist. [33]
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Faster photons could enable total data security
Researchers at the University of Sheffield have solved a key puzzle in quantum physics that could
help to make data transfer totally secure.

The team have developed a way of generating very rapid single-photon light pulses. Each photon,
or particle of light, represents a bit of binary code—the fundamental language of computing.
These photons cannot be intercepted without disturbing them in a way that would alert the
sender that something was amiss.

Transferring data using light passed along fibre optic cables has become increasingly common
over the past decades, but each pulse currently contains millions of photons. That means that, in
principle, a portion of these could be intercepted without detection.

Secure data is already encrypted, but if an ‘eavesdropper' was able to intercept the signals
containing details of the code then—in theory—they could access and decode the rest of the
message.

Single photon pulses offer total security, because any eavesdropping is immediately detected,
but scientists have struggled to produce them rapidly enough to carry data at sufficient speeds to
transfer high volumes of data.

In a new study, published in Nature Nanotechnology, the Sheffield team have employed a
phenomenon called the Purcell Effect to produce the photons very rapidly. A nanocrystal called a
guantum dot is placed inside a cavity within a larger crystal—the semiconductor chip. The dot is
then bombarded with light from a laser which makes it absorb energy. This energy is then
emitted in the form of a photon.

Placing the nanocrystal inside a very small cavity makes the laser light bounce around inside the
walls. This speeds up the photon production by the Purcell Effect. One problem is that the
photons carrying data information can easily become confused with the laser light. The Sheffield
researchers have overcome this by funnelling the photons away from the cavity and inside the
chip to separate the two different types of pulse.

In this way, the team have succeeded in making the photon emission rate about 50 times faster
than would be possible without using the Purcell Effect. Although this isn't the fastest

photon light pulse yet developed, it has a crucial advantage because the photons produced are
all identical—an essential quality for many quantum computing applications.

Mark Fox, Professor of Optical Physics at the University of Sheffield, explains: "Using photons to
transmit data enables us to use the fundamental laws of physics to guarantee security. It's
impossible to measure or 'read' the particle in any way without changing its properties.
Interfering with it would therefore spoil the data and sound an alarm."
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He added: "Our method also solves a problem that has puzzled scientists for about 20 years—
how to use this Purcell Effect to speed up photon production in an efficient way.

"This technology could be used within secure fibre optic telecoms systems, although it would be
most useful initially in environments where security is paramount, including governments and
national security headquarters." [32]

Controlling photons with a photon

Photons are considered to be ideal information carriers and expected to play important roles in
guantum communication and information processing, where quantum mechanics allows for
absolutely secure cryptographic key distribution as well as computation much faster than
conventional computers. In order to take full advantage of quantum information carried by
photons, it is important to make them directly interact with each other for information
processing.

However, photons generally do not interact with one another. So it is necessary to mediate such
interactions with matter to realize effective photon-photon interaction, but light-matter
interaction is usually extremely weak in normal media.

Haruka Tanji-Suzuki and colleagues at the Institute for Laser Science, the University of Electro-
Communications, Tokyo, are currently working to develop all-optical quantum devices that are
sensitive to a single photon input, such as a single photon switch in which an incoming photon
switches the state of another photon.

In order to realize the strong light-matter interaction that is necessary for such devices, Tanji-
Suzuki uses a laser-cooled ensemble of 87Rb atoms (~10 uK) trapped within a high-finesse optical
resonator (finesse ~50000) in an ultrahigh-vacuum chamber. Notably, in order to switch a photon

with a photon in such a system, the researchers use an effect known as 'vacuum-induced
transparency' observed recently by Tanji-Suzuki et al., in which an electromagnetic field as weak
as a vacuum field (light with no photons) is shown to alter the optical properties of atoms.

"The realization of such all-optical single-photon devices will be a large step towards
deterministic multi-mode entanglement generation as well as high-fidelity photonic quantum
gates that are crucial for all-optical guantum information processing," says Tanji-Suzuki. [31]
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The photoelectric effect in stereo

In the photoelectric effect, a photon ejects an electron from a material. Researchers at ETH have
now used attosecond laser pulses to measure the time evolution of this effect in molecules. From
their results they can deduce the exact location of a photoionization event.

When a photon hits a material, it can eject an electron from it provided it has enough energy.
Albert Einstein found the theoretical explanation of this phenomenon, which is known as the
photoelectric effect, in Bern during his "year of wonders" 1905. That explanation was a crucial
contribution to the development of quantum mechanics, which was under way at the time, and
it earned him the Nobel Prize in Physics in 1921. An international team of physicists led by Ursula
Keller at the Institute for Quantum Electronics of the ETH Zurich has now added a new dimension
to the experimental investigation of this important effect. Using attosecond laser pulses they
were able to measure a tiny time difference in the ejection of the electron from a molecule
depending on the position of the electron inside the molecule.

"For quite some time, people have studied the time evolution of the photoelectric effect

in atoms", says Ph.D. student Jannie Vos, "but very little has so far been published

on molecules." That is mainly due to the fact that molecules are considerably more complex
than single atoms. In an atom, the outermost electron moving around the atomic nucleus is
essentially catapulted out of its orbit. In a molecule, by contrast, two or more nuclei share the
same electron. Where it is located depends on the interplay between the different attractive
potentials. Exactly how the photoelectric effect happens under such conditions could only now
be studied in detail.

To do so, Keller and her co-workers used carbon monoxide molecules, which consist of two
atoms — one carbon and one oxygen atom. Those molecules were exposed to an extreme
ultraviolet laser pulse that only lasted for a few attoseconds. (An attosecond is the billionth part
of a billionth of a second). The energy of the ultraviolet photons ripped an electron out of the
molecules, which subsequently broke up into their constituent atoms. One of those atoms
turned into a positively charged ion in the process. Using a special instrument, the researchers
then measured the directions in which the electrons and ions flew away. A second laser pulse,
which acted as a kind of measuring stick, also allowed them to determine the precise instant at
which the electron left the molecule.

"In this way we were able, for the first time, to measure the so-called Stereo Wigner time delay,"
explains Laura Cattaneo, who works as a postdoctoral researcher in Keller's group. The stereo
Wigner time delay measures how much earlier or later an electron leaves the molecule if it is
located close to the oxygen atom or to the carbon atom when photoionization occurs. The
extremely short laser pulses make it possible to measure that instant to within a few
attoseconds. From that information, in turn, it is possible to determine the location of the
ionization event inside the molecule to within a tenth of a nanometre. The experimental results
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agree well with theoretical predictions that describe the most likely position of an electron at the
time of photoionization.

Next, the ETH researchers want to take a closer look at larger molecules, starting with the
laughing gas N20. The extra atom in that molecule already makes the theoretical description
quite a bit more difficult, but at the same time the physicists hope to obtain new insights, for
example into the so-called charge migration inside molecules, which plays an important role in
chemical process.

In principle it should even be possible to use attosecond laser pulses not just to study those
processes, but also to deliberately steer them and thus to control chemical reactions in detail.
Right now, however, such atto-chemistry is still a long way off, as Jannie Vos points out: "In
theory that's all very exciting, but a lot remains to be done before we get there." [30]

Core electron topologies in chemical bonding

YNU researchers have solved the age-old mystery of why silicon cannot replace carbon in organic
compounds. A new benchmark quantum chemical calculation of C;, Siz, and their hydrides
reveals a qualitative difference in the topologies of core electron orbitals of organic molecules
and their silicon analogues. The researchers propose other elements with carbon's propensity to
reshape their core electron nodal structures upon chemical bonding.

Since the discovery of silicon and Woéhler's success in the mid-19th century with synthesizing
organic compounds, Wohler himself was among the first to suggest replacing carbon by silicon
in organic compounds. It became clear in the early 20th century that silicon does not have a
chemistry similar to carbon, and dreams of silicon-based life only survive in science fiction. We
know empirically that carbon has the capability to form a variety of unsaturated compounds,

which silicon does not. However, the root cause of why only carbon has this capability has
remained a mystery.

Quantum chemical calculations of unprecedented accuracy carried out at YNU reveal that core
electrons (which were not supposed to participate in chemical bonding) have a very different
role in the unsaturated compounds of carbon and silicon. Carbon has the propensity to alter the
topology (nodal structure) of its core electrons, which, for C,, results in the formation of a torus-
like ring in the 1og orbital formed of Cls electrons (see Figure). Si,, however, maintains the
spherical like core orbitals centered at each atomic site in all its molecules. This flexibility of
carbon's core orbitals allows carbon to form a cornucopia of different valence bond structures,
whereas silicon is restricted to bond structures orthogonal to the atomic like spherical core
orbitals.
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The impact of this discovery is far-reaching. Core electrons have thus far been assumed more or
less inert, but perhaps it becomes necessary to reassess their contribution to chemical
bonding—at least in the case of unsaturated bonds. Finally, the study suggests that other
elements, such as nitrogen, phosphorous, and fluorine, exhibit similar flexibility to modify their
core electron topologies, and thus, exhibit similarly rich chemistries.

The paper, "Core Electron Topologies in Chemical Compounds: Case Study of Carbon versus
Silicon," is published in Angewandte Chemie International Edition vol 57(24) on June 6th, 2018.
[29]

New optical sensor can determine if molecules are left or right
'handed’

A University of Central Florida team has designed a nanostructured optical sensor that for the
first time can efficiently detect molecular chirality—a property of molecular spatial twist that
defines its biochemical properties.

Determining chirality is critical for new drug development.

Think of molecules as having little hands. They are not identical, but they serve almost
undistinguishable functions. You can grip, pinch, punch and open your hands, regardless of
whether you use your left or right hand. But when you get to some functions, such as writing, it
matters if you are right-handed or left-handed.

Scientists have struggled to determine if molecules have unique left- or right-hand functions
because their physical attributes such as length, weight, density, elasticity, etc. appear to be
identical.

UCF's NanoScience Technology Center Associate Professor Debashis Chanda and Ph.D. student
Abraham Vazquez-Guardado have figured out a unique way to do it. The interaction between
light and the specially designed nanostructure they built creates a strong chiral light field—called
superchiral light. Such a nanostructure does not have geometrical chirality yet it creates two
opposite light chirality (left or right) on demand. When light and matter's chirality match, just as
hand-shaking with our right hand, successful identification happens. Therefore, this rotating light
field has the ability to probe and identify any chiral molecule like drugs, proteins or DNAs.

The light field lets scientist see the tiny hands, so to speak.
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UCF's NanoScience Technology Center Associate Professor Debashis Chanda. Credit: University of
Central Florida: Karen Norum

Their findings were recently published in the Physical Review Letters journal.

"Chirality detection is vital in the drug-development industry, where newly synthesized chiral
drugs also have two-handed strands and always form with the same likeliness during the
synthesis process," Chanda said. "But while one chiral strand constitutes the active element in
the drug, its opposite can turn out to be toxic or render detrimental side effects. Consequently,
pharmacological and toxicological characterization of chirality plays a crucial role in the
pharmaceutical drug industry and FDA approval process."

By being able to detect chirality at this level, scientists will have a better way to identify what
may be causing bad side effects or perhaps finding places to upload life-saving drugs.

In this preliminary study, the UCF team demonstrated chiral molecule-detection sensitivity that is
four times higher compared to the conventional technique, but without the extensive and
tedious sample preparation and at much lower sample volume.
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The single optical element thin-film chirality sensor, when fabricated based on low cost and
large-area nanoimprinting technique, willimmensely benefit drug design and protein-
conformation identification, both of paramount importance in treating and understanding
several diseases, Chanda added. [28]

Tiny defects in semiconductors created 'speed bumps' for

electrons—researchers cleared the path

UCLA scientists and engineers have developed a new process for assembling semiconductor
devices. The advance could lead to much more energy-efficient transistors for electronics and
computer chips, diodes for solar cells and light-emitting diodes, and other semiconductor-based
devices.

A paper about the research was published in Nature. The study was led by Xiangfeng Duan,
professor of chemistry and biochemistry in the UCLA College, and Yu Huang, professor of
materials science and engineering at the UCLA Samueli School of Engineering. The lead author is
Yuan Liu, a UCLA postdoctoral fellow.

Their method joins a semiconductor layer and a metal electrode layer without the atomic-level
defects that typically occur when other processes are used to build semiconductor-based
devices. Even though those defects are minuscule, they can trap electrons traveling between the
semiconductor and the adjacent metal electrodes, which makes the devices less efficient than
they could be. The electrodes in semiconductor-based devices are what enable electrons to
travel to and from the semiconductor; the electrons can carry computing information or energy
to power a device.

Generally, metal electrodes in semiconductor devices are built using a process called physical
vapor deposition. In this process, metallic materials are vaporized into atoms or atomic clusters

that then condense onto the semiconductor, which can be silicon or another similar material.
The metal atoms stick to the semiconductor through strong chemical bonds, eventually forming

a thin film of electrodes atop the semiconductor.

One issue with that process is that the metal atoms are usually different sizes or shapes from the
atoms in the semiconductor materials that they're bonding to. As a result, the layers cannot form
perfect one-to-one atomic connections, which is why small gaps or defects occur.

"It is like trying to fit one layer of Lego brand blocks onto those of a competitor brand," Huang
said. "You can force the two different blocks together, but the fit will not be perfect. With
semiconductors, those imperfect chemical bonds lead to gaps where the two layers join, and
those gaps could extend as defects beyond the interface and into the materials."

Those defects trap electrons traveling across them, and the electrons need extra energy to get
through those spots.
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The UCLA method prevents the defects from forming, by joining a thin sheet of metal atop the
semiconductor layer through a simple lamination process. And instead of using chemical bonds
to hold the two components together, the new procedure uses van der Waals forces—weak
electrostatic connections that are activated when atoms are very close to each other—to keep
the molecules "attached" to each other. Van der Waals forces are weaker than chemical bonds,
but they're strong enough to hold the materials together because of how thin they are—each
layer is around 10 nanometers thick or less.

"Even though they are different in their geometry, the two layers join without defects and stay in
place due to the van der Waals forces," Huang said.

The research is also the first work to validate a scientific theory that originated in the 1930s. The
Schottky-Mott rule proposed the minimum amount of energy electrons need to travel between
metal and a semiconductor under ideal conditions.

Using the theory, engineers should be able to select the metal that allows electrons to move
across the junction between metal and semiconductor with the smallest amount of energy. But
because of those tiny defects that have always occurred during manufacturing, semiconductor
devices have always needed electrons with more energy than the theoretical minimum.

The UCLA team is the first to verify the theory in experiments with different combinations of
metals and semiconductors. Because the electrons didn't have to overcome the usual defects,
they were able to travel with the minimum amount of energy predicted by the Schottky-Mott
rule.

"Our study for the first time validates these fundamental limits of metal-semiconductor
interfaces," Duan said. "It shows a new way to integrate metals onto other surfaces without
introducing defects. Broadly, this can be applied to the fabrication of any delicate material with
interfaces that were previously plagued by defects."

For example, besides electrode contacts on semiconductors, it could be used to assemble ultra—
energy-efficient nanoscale electronic components, or optoelectronic devices such as solar cells.

The paper's other UCLA authors are graduate students Jian Guo, Enbo Zhu and Sung-Joon Lee,
and postdoctoral scholar Mengning Ding. Researchers from Hunan University, China; King Saud
University, Saudia Arabia; and Northrop Grumman Corporation also contributed to the study.

The study builds off of nearly a decade of work by Duan and Huang on using van der Waals forces
to integrate materials. A study they led, published in Nature in March 2018, described their use
of van der Waals forces to create a new class of 2-D materials called monolayer atomic crystal
molecular superlattices. In an earlier study, which was published in Nature in 2010, they
described their use of van der Waals forces to build high-speed transistors using graphene. [27]
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How to measure quantum behaviour in nanocrystals

A new experiment that tests the limit of how large an object can be before it ceases to behave
guantum mechanically has been proposed by physicists in the UK and India. The measurement
involves trapping a nanocrystal with light and then measuring its position to see if its behaviour
violates the Leggett-Garg inequality — which is a test of the quantum nature of a system. While
the team is keen to have their proposal tested in the lab, not all physicists believe that it could be
implemented.

A crucial important feature of quantum mechanics is Heisenberg’s uncertainty principle. Whereas
in classical mechanics, both the position and momentum of an object can be determined at
arbitrarily high precision at the same time, the principle states that it is impossible to measure
both position and momentum in quantum mechanics beyond a certain degree of accuracy.
Furthermore, the more you know about one measurement, the more uncertain the other
becomes.

The proposed experiment tests how large an object can be before the rules of quantum
measurement do not apply. Sougato Bose of University College London and colleagues at the
Bose Institute and the SN Bose National Centre for Basic Sciences in Kolkata studied the
behaviour of a quantum linear harmonic oscillator, which bears a strong resemblance to its
classical counterpart. “The uncertainties in position and momentum are both as low as they can
get,” explains Bose.

Caughtin a trap

Bose and colleagues have done an analysis of a hypothetical experiment involving a cooled
nanocrystal oscillating in a trap that is created by an optical harmonic potential. The experiment
can detect which side of the trap is occupied by the nanocrystal at any instant by focusing a
beam of light on one side of the trap. The light causes fluorescence in the nanocrystal, and if
fluorescent light is not detected it can be concluded that the nanocrystal is in the other side of
the trap — a procedure called negative result measurement.

The experiment begins with a position measurement and then the system evolves for about a
microsecond before the position is measured again. If the nanocrystal is a purely classical object,
the researchers reasoned, a negative result in the first measurement would not affect the
nanocrystal’s position in the second measurement. This is because the nanocrystal would have
been in the other half of the trap, and therefore would not have interacted with the beam. If
there were quantum uncertainty in the position and momentum of the nanocrystal, however,
the null result at the start of the experimental run could still affect its measured position at the
second measurement. This is because the nanocrystal’s position would not be well defined until
it was actually measured. Therefore, the nanocrystal could have interacted with the light beam in
one half of the trap despite not being detected there.
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The team calculated the Leggett-Garg inequality for the systems. This is analogous to Bell’s
inequality, which is famously used to rule out hidden variable explanations of quantum
mechanics. Bell’s inequality quantifies the maximum statistical correlation that is possible
between properties of independent particles separated by distances so great that information
could not pass between them without travelling faster than light.

The Leggett-Garg inequality uses similar reasoning to calculate the maximum statistical
correlation between two results that had not influenced each other. Violation of the inequality,
therefore, would show that the nanocrystal’s state could be influenced by the earlier negative
result, and therefore that the nanocrystal is a quantum, rather than a classical, object. Crunching
the numbers, the researchers calculated that it should be feasible to detect non-classical
behaviour in objects with masses up to around 10°amu or about 1014 g. Bose says
experimentalists are planning to test this.

“That’s pretty tricky”

Bose and colleagues report their results in Physical Review Letters. Theoretical physicist Clive
Emary of Newcastle University in the UK says “if someone goes on to do these experiments, we’ll
all look back and say it was a significant paper”. He cautions, however, that: “it looks like it needs
very high time resolution to do the proposed measurements and in my experience that looks like
the kind of thing you propose to experimentalists and they come back and say ‘that’s pretty
tricky’.” Quantum information theorist Renato Renner of ETH Zurich is more optimistic: “We can
now do experiments in quantum technologies that, five or ten years ago, people would have said

were not possible,” he says, “I'm optimistic that most quantum experiments we can think of will

at some point be feasible.”

Emary and Renner agree, however, that, whereas in Bell’s inequality, the two measurements are
isolated classically by the fact that nothing that can travel faster than the speed of light, the
Leggett-Garg inequality relies on proving there can be no classical explanation for the earlier
measurement disturbing the later one. “That’s just not possible,” says Emary, “There’s always a
loophole: you could disturb the air molecules in the lab next door and they could come back and
disturb your system, for example.” [26]

Detecting the birth and death of a phonon

Phonons are discrete units of vibrational energy predicted by quantum mechanics that
correspond to collective oscillations of atoms inside a molecule or a crystal. When such
vibrations are produced by light interacting with a material, the vibrational energy can be
transferred back and forth between individual phonons and individual packets of light energy,
the photons. This process is called the Raman effect.

In a new study, the lab of Christophe Galland at EPFL's Institute of Physics has developed a
technique for measuring, in real time and at room-temperature, the creation and destruction of
individual phonons, opening up exciting possibilities in various fields such as spectroscopy and
guantum technologies.
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The technique uses ultra-short laser pulses, which are bursts of light that last less than 10

13 seconds (a fraction of a trillionth of a second). First, one such pulse is shot onto a diamond
crystal to excite a single phonon inside it. When this happens, a partner photon is created at a
new wavelength through the Raman effect and is observed with a specialized detector, heralding
the success of the preparation step.

Second, to interrogate the crystal and probe the newly created phonon, the scientists fire
another laser pulse into the diamond. Thanks to another detector, they now record photons that
have reabsorbed the energy of the vibration. These photons are witnesses that the phonon was
still alive, meaning that the crystal was still vibrating with exactly the same energy.

This is in strong contradiction with our intuition: we are used to seeing vibrating objects
progressively lose their energy over time, like a guitar string whose sound fades away. But

in quantum mechanics this is "all or nothing": the crystal either vibrates with a specific energy or
it is in its resting state; there is no state allowed in between. The decay of the phonon over time
is therefore observed as a decrease of the probability of finding it in the excited state instead of
having jumped down to the rest state.

Through this approach, the scientists could reconstruct the birth and death of a single phonon by
analyzing the output of the two photon detectors. "In the language of quantum mechanics, the
act of measuring the system after the first pulse creates a well-defined quantum state of the
phonon, which is probed by the second pulse," says Christophe Galland. "We can therefore map
the phonon decay with very fine time resolution by changing the time delay between the pulses
from zero to a few trillionths of a second (102 seconds or picoseconds)."

The new technique can be applied to many different types of materials, from bulk crystals down
to single molecules. It can also be refined to create more exotic vibrational quantum states, such
as entangled states where energy is "delocalized" over two vibrational modes. And all this can be
performed in ambient conditions, highlighting that exotic quantum phenomena may occur in our
daily life—we just need to watch very fast. [25]

Sustainable solvent platform for photon upconversion increases

solar utilization efficiency

The conversion of solar energy into electricity is currently restricted by a concept known as the
Shockley-Quesser limit. This limitation allows only photons that have higher energies than those
of the bandgap to be used, while those with lower energies are wasted. In an effort to obtain a
solution to this problem and make solar energy conversion more efficient, researchers have
developed a process of converting photons with lower energies into ones with higher energies,
called photon upconversion.
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In the past decade, a method of photon upconversion that uses triplet-triplet annihilation (TTA)
of organic molecules has drawn attention because it is presently the only method applicable to
weak light such as sunlight. This method combines two kinds of organic molecules or
chromophores, a sensitizer and an emitter. The sensitizer will absorb a photon and convert it to
its excited triplet state. The excitation energy is then transferred to the emitter. When two
emitters with excitation energy collide, one will convert to its lowest excited singlet state and
release an upconverted photon that can be harvested for energy conversion.

While many studies into photon upconversion have been carried out in organic solvents, their
practical use is limited due to the high vapor pressures, vapor toxicity, flammability, and lack of
thermal stability of the solvent mixtures. Multiple approaches have been proposed to overcome
these limitations, including the use of viscous fluidic media like ionic liquids that have low vapor
pressures and high thermal stability. lonic liquids are also limited in practicality, however, due to
the relatively high costs of starting materials and synthetic processes, as well as their poor
biodegradability.

To fundamentally resolve these previous problems, scientists at Tokyo Tech developed a TTA
photon upconversion using a new class of liquids known as deep eutectic solvents (DESs). DESs
are a potential alternative to ionic fluids, because they possess desirable properties similar to
those of ionic fluids and can be created through a simple mixing of two substances, a hydrogen
bond donor and a hydrogen bond acceptor, without the need for synthetic processes. The
starting substances for the generation of DESs are also generally much cheaper, safer and more
biodegradable than those needed for the creation of ionic liquids, making them an ideal
alternative.

Photographs of the DESs and photon upconverters are shown in Fig. 1. The prepared DES was
optically transparent and colorless and used as the solvent for the sensitizer and emitter
chromophores. The sample converts weak incident green light (wavelength: 532 nm; power: 2-3
mW) into blue emission (wavelength: ~440 nm). The expected high thermal stability was
confirmed by the absence of ignition and fuming during exposure to a burner flame for 1 min.

Notably, the photon upconversion quantum yield of the samples reached 0.21 (where the
maximum quantum vyield is defined as 0.5; one higher-energy photon is created by using two
lower-energy photons at maximum in photon upconversion). This corresponds to the
upconversion quantum efficiency of 42 percent (whose maximum is defined as 100 percent). This
is a relatively high efficiency.

The scientists developed a novel material platform for TTA photon upconversion using cheaper,
less toxic, and thermally stable DESs. This achievement is considered as an important landmark
for the realization of practical application of photon upconversion technology. [24]
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Graphene single photon detectors

Considerable interest in new single-photon detector technologies has been scaling in this past
decade. Nowadays, quantum optics and quantum information applications are, among others,
one of the main precursors for the accelerated development of single-photon detectors.
Capable of sensing an increase in temperature of an individual absorbed photon, they can be
used to help us study and understand, for example, galaxy formation through the cosmic
infrared background, observe entanglement of superconducting qubits or improve quantum key
distribution methods for ultra-secure communications.

Current detectors are efficient at detecting incoming photons that have relatively high energies,
but their sensitivity drastically decreases for low frequency, low energy photons. In recent years,
graphene has shown to be an exceptionally efficient photo-detector for a wide range of the
electromagnetic spectrum, enabling new types of applications for this field.

Thus, in a recent paper published in the journal Physical Review Applied, and highlighted in APS
Physics, ICFO researcher and group leader Prof. Dmitri Efetov, in collaboration with researchers
from Harvard University, MIT, Raytheon BBN Technologies and Pohang University of Science and
Technology, have proposed the use of graphene-based Josephson junctions (GJJs) to detect
single photons in a wide electromagnetic spectrum, ranging from the visible down to the low
end of radio frequencies, in the gigahertz range.

In their study, the scientists envisioned a sheet of graphene that is placed in between two
superconducting layers. The so created Josephson junction allows a supercurrent to flow across
the graphene when it is cooled down to 25 mK. Under these conditions, the heat capacity of the
graphene is so low, that when a single photon hits the graphene layer, it is capable of heating up
the electron bath so significantly, that the supercurrent becomes resistive — overall giving rise to
an easily detectable voltage spike across the device. In addition, they also found that this effect
would occur almost instantaneously, thus enabling the ultrafast conversion of absorbed light
into electrical signals, allowing for a rapid reset and readout.

The results of the study confirm that we can expect a rapid progress in integrating graphene and
other 2-D materials with conventional electronics platforms, such as in CMOS-chips, and shows a
promising path towards single-photon-resolving imaging arrays, quantum information
processing applications of optical and microwave photons, and other applications that would
benefit from the quantum-limited detection of low-energy photons. [23]

Engineers develop key mathematical formula for driving quantum

experiments

Since he was a graduate student, Washington University in St. Louis systems engineer Jr-Shin Li
has provided specific mathematical information to experimentalists and clinicians who need it to
perform high-resolution magnetic resonance applications, such as body MRIs for medical
diagnosis or spectroscopy for uncovering protein structures. Now, after more than a decade of



work, he has developed a formula that researchers can use to generate that information
themselves.

Li, the Das Family Career Development Distinguished Associate Professor in the School of
Engineering & Applied Science, and his collaborators have derived a mathematical formula to
design broadband pulse sequences to excite a population of nuclear spins over a wide band of
frequencies. Such a broadband excitation leads to enhanced signal or sensitivity in diverse
guantum experiments across fields from protein spectroscopy to quantum optics.

The research, the first to find that designing the pulse can be done analytically, was published in
Nature Communications Sept. 5.

"This design problem is traditionally done by purely numerical optimization," Li said. "Because
one has to design a common input—a magnetic field to excite many, many particles—the
problem is challenging. In many cases in numerical optimization, the algorithms fail to converge
or take enormous amounts of time to get a feasible solution."

For more than a decade, Li has sought a better way for pulse design using the similarity between
spins and springs by applying numerical experiments. Spin is a form of angular momentum
carried by elementary particles. Spin systems are nonlinear and difficult to work with, Li said,
while spring systems, or harmonic oscillators, are linear and easier to work with. While a
doctoral student at Harvard University, Li found a solution by projecting the nonlinear spin
system onto the linear spring system, but was unable to prove it mathematically until recently.

"We have very rigorous proof that such a projection from nonlinear to linear is valid, and we also
have done a lot of numerical simulations to demonstrate the discovery," Li said. "My
collaborator, Steffan Glaser (of the Technische Universitat Munich), has been in this field of
NMR spectroscopy for more than 20 years, and he is confident that if the quantum pulses
perform well in computer simulations, they may perform the same in experimental systems."

The team plans to conduct various experiments in magnetic resonance to verify the analytical
invention.

The theoretical work opens up new avenues for pulse sequence design in quantum control. Li
plans to create a website where collaborators can enter their parameter values to generate the
pulse formula they will need in their quantum experiments. [22]

New tool for characterizing quantum simulators

Physicists are developing quantum simulators, to help solve problems that are beyond the reach
of conventional computers. However, they first need new tools to ensure that the simulators
work properly. Innsbruck researchers around Rainer Blatt and Christian Roos, together with
researchers from the Universities of Ulm and Strathclyde, have now implemented a new
technique in the laboratory that can be used to efficiently characterize the complex states of



guantum simulators. The technique, called matrix product state tomography, could become a
new standard tool for characterizing quantum simulators.

Many phenomena in the quantum world cannot be investigated directly in the laboratory, and
even supercomputers fail when trying to simulate them. However, scientists are now able to
control various quantum systems in the laboratory very precisely and these systems can be used
to simulate other quantum systems. Such Quantum Simulators are therefore considered to be
one of the first concrete applications of the second quantum revolution.

However, the characterization of large quantum states, which is necessary to guide the
development of large-scale quantum simulators, proves to be difficult. The current gold
standard for quantum-state characterization in the laboratory - quantum-state tomography - is
only suitable for small quantum systems composed of a handful of quantum particles.
Researchers from the Institute of Experimental Physics at the University of Innsbruck and the
Institute for Quantum Optics and Quantum Information of the Austrian Academy of Sciences
have now established a new method in the laboratory that can be used to efficiently
characterize large quantum states.

A collaborative effort

In ion traps, charged atoms (ions) are cooled to temperatures close to absolute zero and
manipulated with the aid of lasers. Such systems represent a promising approach to performing
quantum simulations that can go beyond the capabilities of modern supercomputers. The
Innsbruck quantum physicists are amongst the world leaders in this field and can currently
entangle 20 or more ions in their traps. In order to fully characterize such large quantum
systems, they need new methods. For this, theorists around Martin Plenio from the University of
Ulm, Germany, came to their aid. In 2010, the Plenio team proposed a new method for the
characterization of complex quantum states called matrix-product-state tomography. Using this
method, the state of a group of entangled quantum particles can be estimated precisely without
the effort increasing dramatically as the number of particles in the group is increased. In
collaboration with the teams around Martin Plenio from Ulm and Andrew Daley from the
University of Strathclyde in Scotland, the Innsbruck experimental physicists around Christian
Roos, Ben Lanyon and Christine Maier have now implemented this procedure in the laboratory.

More efficient measurements

As a test case, the physicists built a quantum simulator with up to 14 quantum bits (atoms), that
was first prepared in a simple initial state without quantum correlations. Next, the researchers
entangled the atoms with laser light and observed the dynamical propagation of entanglement
in the system. "With the new method, we can determine the quantum state of the whole
system by measuring only a small fraction of the system properties," says START prize winner
Ben Lanyon. The theorists around Martin Plenio took the characterization of the global quantum
state from the measured data: "The method is based on the fact that we can theoretically
describe locally-distributed entanglement well and can now also measure it in the laboratory."



When the work group of Rainer Blatt realized the first quantum byte in 2005, more than 6,000
measurements were required for the characterization of the quantum state, taken over a period
of ten hours. The new method requires only 27 measurements to characterise the same size
system, taken over around 10 minutes. "We were able to show that this method can be used to
identify large and complex quantum states efficiently," says Christine Maier, a team member
from Innsbruck. Now the scientists want to further develop the algorithms so that they can also
be used flexibly by other research groups.

New gold standard

The new method allows the complete characterization of systems containing large numbers of
correlated quantum particles and thus provides a comparison option for quantum simulations.
"We can use the new technique to calibrate quantum simulators, by comparing the states that
we find in the lab with the ones expected from analytical calculations," explains Christian Roos.
"Then we know if the simulator does what we want." The new method offers physicians a tool

for many applications and could become a new standard for quantum simulations. [21]

Flip-flop qubits: Radical new quantum computing design invented
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.

The new chip design, detailed in the journal Nature Communications, allows for a silicon
guantum processor that can be scaled up without the precise placement of atoms required in
other approaches. Importantly, it allows quantum bits (or 'qubits') - the basic unit of information
in a quantum computer - to be placed hundreds of nanometres apart and still remain coupled.

The design was conceived by a team led by Andrea Morello, Program Manager in UNSW-based
ARC Centre of Excellence for Quantum Computation and Communication Technology (CQC2T) in
Sydney, who said fabrication of the new design should be easily within reach of today's
technology.

Lead author Guilherme Tosi, a Research Fellow at CQC2T, developed the pioneering concept
along with Morello and co-authors Fahd Mohiyaddin, Vivien Schmitt and Stefanie Tenberg of
CQC2T, with collaborators Rajib Rahman and Gerhard Klimeck of Purdue University in the USA.

"It's a brilliant design, and like many such conceptual leaps, it's amazing no-one had thought of it
before," said Morello.

"What Guilherme and the team have invented is a new way to define a 'spin qubit' that uses
both the electron and the nucleus of the atom. Crucially, this new qubit can be controlled using
electric signals, instead of magnetic ones. Electric signals are significantly easier to distribute and
localise within an electronic chip."



Tosi said the design sidesteps a challenge that all spin-based silicon qubits were expected to face
as teams begin building larger and larger arrays of qubits: the need to space them at a distance
of only 10-20 nanometres, or just 50 atoms apart.

"If they're too close, or too far apart, the 'entanglement' between quantum bits - which is what
makes quantum computers so special - doesn't occur," Tosi said.

Researchers at UNSW already lead the world in making spin qubits at this scale, said Morello.
"But if we want to make an array of thousands or millions of qubits so close together, it means
that all the control lines, the control electronics and the readout devices must also be fabricated
at that nanometric scale, and with that pitch and that density of electrodes. This new concept
suggests another pathway."

At the other end of the spectrum are superconducting circuits - pursued for instance by IBM and
Google - and ion traps. These systems are large and easier to fabricate, and are currently leading
the way in the number of qubits that can be operated. However, due to their larger dimensions,
in the long run they may face challenges when trying to assemble and operate millions of qubits,
as required by the most useful quantum algorithms.

"Our new silicon-based approach sits right at the sweet spot," said Morello, a professor of
quantum engineering at UNSW. "It's easier to fabricate than atomic-scale devices, but still
allows us to place a million qubits on a square millimetre."

In the single-atom qubit used by Morello's team, and which Tosi's new design applies, a silicon
chip is covered with a layer of insulating silicon oxide, on top of which rests a pattern of metallic
electrodes that operate at temperatures near absolute zero and in the presence of a very strong
magnetic field.

At the core is a phosphorus atom, from which Morello's team has previously built two functional
qubits using an electron and the nucleus of the atom. These qubits, taken individually, have
demonstrated world-record coherence times.

Tosi's conceptual breakthrough is the creation of an entirely new type of qubit, using both the
nucleus and the electron. In this approach, a qubit '0' state is defined when the spin of the
electron is down and the nucleus spin is up, while the '1' state is when the electron spin is up,
and the nuclear spin is down.

"We call it the 'flip-flop' qubit," said Tosi. "To operate this qubit, you need to pull the electron a
little bit away from the nucleus, using the electrodes at the top. By doing so, you also create an
electric dipole."

"This is the crucial point," adds Morello. "These electric dipoles interact with each other over
fairly large distances, a good fraction of a micron, or 1,000 nanometres.

"This means we can now place the single-atom qubits much further apart than previously
thought possible," he continued. "So there is plenty of space to intersperse the key classical



components such as interconnects, control electrodes and readout devices, while retaining the
precise atom-like nature of the quantum bit."

Morello called Tosi's concept as significant as Bruce Kane seminal 1998 paper in Nature. Kane,
then a senior research associate at UNSW, hit upon a new architecture that could make a
silicon-based quantum computer a reality - triggering Australia's race to build a quantum
computer.

"Like Kane's paper, this is a theory, a proposal - the qubit has yet to be built," said Morello. "We
have some preliminary experimental data that suggests it's entirely feasible, so we're working to
fully demonstrate this. But | think this is as visionary as Kane's original paper."

Building a quantum computer has been called the 'space race of the 21st century' - a difficult
and ambitious challenge with the potential to deliver revolutionary tools for tackling otherwise
impossible calculations, with a plethora of useful applications in healthcare, defence, finance,
chemistry and materials development, software debugging, aerospace and transport. Its speed
and power lie in the fact that quantum systems can host multiple 'superpositions' of different
initial states, and in the spooky 'entanglement' that only occurs at the quantum level the
fundamental particles.

"It will take great engineering to bring quantum computing to commercial reality, and the work
we see from this extraordinary team puts Australia in the driver's seat," said Mark Hoffman,
UNSW's Dean of Engineering. "It's a great example of how UNSW, like many of the world's
leading research universities, is today at the heart of a sophisticated global knowledge system
that is shaping our future."

The UNSW team has struck a AS83 million deal between UNSW, telco giant Telstra, Australia's
Commonwealth Bank and the Australian and New South Wales governments to develop, by
2022, a 10-qubit prototype silicon quantum integrated circuit - the first step in building the
world's first quantum computer in silicon.

In August, the partners launched Silicon Quantum Computing Pty Ltd, Australia's first quantum
computing company, to advance the development and commercialisation of the team's unique
technologies. The NSW Government pledged AS8.7 million, UNSW A$25 million, the
Commonwealth Bank AS14 million, Telstra AS10 million and the Federal Government AS25
million. [20]

New quantum memory device small enough to fit on a chip

A team of researchers from the U.S. and Italy has built a quantum memory device that is
approximately 1000 times smaller than similar devices—small enough to install on a chip. In
their paper published in the journal Science, the team describes building the memory device and
their plans for adding to its functionality.



Scientists have been working steadily toward building quantum computers and networks, and
have made strides in both areas in recent years. But one inhibiting factor is the construction of
guantum memory devices. Such devices have been built, but until now, they have been too
large to put on a chip, a requirement for practical applications. In this new effort, the
researchers report developing a quantum memory device that is not only small enough to fit on
a chip, but is also able to retrieve data on demand.

The device is very small, approximately 10 by 0.7 micrometers and has an odd shape, like a
Toblerone candy bar—long and thin with a notched triangular shape, with mirrors on either end.
It is made of yttrium orthovanadate with small amounts of neodymium, which form a cavity.
These cavities in turn hold a crystal cavity that traps single photons encoding data information
(zero, one or both).

To operate the device, the researchers fired laser pulses at it, causing photons to assemble in
the comb, which forced them to be absorbed—the configuration also caused the photons to
emerge from the comb after 75 nanoseconds. During the time period when the photons were
absorbed, the researchers fired dual laser pulses at the comb to delay the reemergence of the
photons for 10 nanoseconds, which allowed for on-demand retrieval of data. During the time
period when the photons were held, they existed as dual pulses—early and late.

To show that the device was actually storing data information, the team compared the
wavefunction of the photons both before and after storage and found them to be virtually
unchanged, meaning they still held their zero, one or both state—it had not been destroyed,
which meant the device was truly a quantum memory device. [19]

How to store data on magnets the size of a single atom
The cutting edge of data storage research is working at the level of individual atoms and
molecules, representing the ultimate limit of technological miniaturisation.

Magnetism is useful in many ways, and the magnetic memory effect appears even at the atomic
level.

There is an adage that says that data will expand to fill all available capacity. Perhaps ten or 20
years ago, it was common to stockpile software programs, MP3 music, films and other files,
which may have taken years to collect. In the days when hard disk drives offered a few tens of
gigabytes of storage, running out of space was almost inevitable.

Now that we have fast broadband internet and think nothing of downloading a 4.7 gigabyte
DVD, we can amass data even more quickly. Estimates of the total amount of data held
worldwide are to rise from 4.4 trillion gigabytes in 2013 to 44 trillion gigabytes by 2020. This
means that we are generating an average of 15m gigabytes per day. Even though hard disk
drives are now measured in thousands of gigabytes rather than tens, we still have a storage
problem.



Research and development is focused on developing new means of data storage that are more
dense and so can store greater amounts of data, and do so in a more energy efficient way.
Sometimes this involves updating established techniques: recently IBM announced a new
magnetic tape technology that can store 25 gigabytes per square inch, a new world record for
the 60-year-old technology. While current magnetic or solid-state consumer hard drives are
more dense at around 200 gigabytes per square inch, magnetic tapes are still frequently used
for data back-up.

However, the cutting edge of data storage research is working at the level of individual atoms
and molecules, representing the ultimate limit of technological miniaturisation.

The quest for atomic magnets

Current magnetic data storage technologies — those used in traditional hard disks with spinning
platters, the standard until a few years ago and still common today — are built using “top-down”
methods. This involves making thin layers from a large piece of ferromagnetic material, each
containing the many magnetic domains that are used to hold data. Each of these magnetic
domains is made of a large collection of magnetised atoms, whose magnetic polarity is set by
the hard disk’s read/write head to represent data as either a binary one or zero.

An alternative “bottom-up” method would involve constructing storage devices by placing
individual atoms or molecules one by one, each capable of storing a single bit of information.
Magnetic domains retain their magnetic memory due to communication between groups of
neighbouring magnetised atoms.

Single-atom or single-molecule magnets on the other hand do not require this communication
with their neighbours to retain their magnetic memory. Instead, the memory effect arises from
guantum mechanics. So because atoms or molecules are much, much smaller than the magnetic
domains currently used, and can be used individually rather than in groups, they can be packed
more closely together which could result in an enormous increase in data density.

Working with atoms and molecules like this is not science fiction. Magnetic memory effects in
single-molecule magnets (SMMs) were first demonstrated in 1993, and similar effects for
singleatom magnets were shown in 2016.

Raising the temperature

The main problem standing in the way of moving these technologies out of the lab and into the
mainstream is that they do not yet work at ambient temperatures. Both single atoms and SMMs
require cooling with liquid helium (at a temperature of —269°C), an expensive and limited
resource. So research effort over the last 25 years has concentrated on raising the temperature
at which magnetic hysteresis — a demonstration of the magnetic memory effect — can be
observed. An important target is —196°C, because this is the temperature that can be achieved
with liquid nitrogen, which is abundant and cheap.



It took 18 years for the first substantive step towards raising the temperature in which magnetic
memory is possible in SMMs — an increase of 10°C achieved by researchers in California. But
now our research team at the University of Manchester’s School of Chemistry have achieved
magnetic hysteresis in a SMM at —213 °C using a new molecule based on the rare earth element
dysprosocenium, as reported in a letter to the journal Nature. With a leap of 56°C, this is only
17°C away from the temperature of liquid nitrogen.

Future uses

There are other challenges, however. In order to practically store individual bits of data,
molecules must be fixed to surfaces. This has been demonstrated with SMMs in the past, but
not for this latest generation of high-temperature SMMs. On the other hand, magnetic memory
in single atoms has already been demonstrated on a surface.

Optical control of magnetic memory—New insights into

fundamental mechanisms
This is an important clue for our theoretical understanding of optically controlled magnetic data
storage media. The findings are published at August 25th in the journal Scientific Reports.

The demands placed on digital storage media are continuously increasing. Rapidly increasing
quantities of data and new technological applications demand memory that can store large
amounts of information in very little space and permit this information to be utilised
dependably with high access speeds.

Re-writeable magnetic data storage devices using laser light appear to have especially good
prospects. Researchers have been working on this new technology for several years. "However,
there are still unresolved questions about the fundamental mechanisms and the exact manner
in which optically controlled magnetic storage devices operate", says Dr. Florian Kronast,
assistant head of the Materials for Green Spintronics department at the Helmholtz-Zentrum
Berlin (HZB).

A research team led by him has now succeeded in making an important step toward better
understanding of this very promising storage technology. The scientists were able to empirically
establish for the first time that the warming of the storage material by the energy of the laser
light plays an instrumental role when toggling the magnetisation alignments and that the
change in the material only takes place under certain conditions.

Making precise measurements in tiny laser spots

The HZB scientists together with those of Freie Universitat Berlin and Universitat Regensburg
studied the microscopic processes at extremely high resolution while irradiating a thin layer of
magnetic material using circularly polarised laser light. To do this, they directed the light of an
infrared laser onto a nanometre-thick layer of alloy made from the metals terbium and iron
(TbFe). What was special about the experimental set-up was that the narrowly focussed spot of



laser light had a diameter of only three microns. "That is far less than was usual in prior
experiments", says HZB scientist Ashima Arora, first author of the study. And it provided the
researchers with unsurpassed detail resolution for studying the phenomena. The images of the
magnetic domains in the alloy that the team created with the help of X-rays from the BESSY Il
synchrotron radiation source revealed fine features that themselves were only 30 nanometres in
size.

The crucial thing occurs in the boundary ring

The results of the measurements prove that a ring-shaped region forms around the tiny laser
spot and separates the two magnetically contrasting domains from one another. The extant
magnetisation pattern inside the ring is completely erased by the thermal energy of the laser
light. Outside the ring, however, it remains in its original state. Within the boundary zone itself,
a temperature distribution arises that facilitates a change in magnetisation by displacing the
domain boundaries. "It is only there that the toggling of magnetic properties can proceed,
permitting a device to store re-writeable data", explains Arora.

Surprising influence of the layer thickness

"These new insights will assist in the development of optically controlled magnetic storage
devices having the best possible properties," in the view of Kronast. An additional effect
contributes to better understanding the physical processes that are important in this
phenomenon, which researchers at HZB unexpectedly observed for the first time. The way the
toggling of the magnetisations happens is highly dependent on the layer thickness of the
material irradiated by the laser. It changes over an interval of 10 to 20 nanometres thickness.

"This is a clear indication that two contrasting mechanisms are involved and compete with one
another", Kronast explains. He and his team suspect two complex physical effects for this. To
confirm their suspicions, though, further empirical and theoretical studies are necessary. [17]

Photosensitive perovskites change shape when exposed to light

A crystalline material that changes shape in response to light could form the heart of novel
lightactivated devices. Perovskite crystals have received a lot of attention for their efficiency at
converting sunlight into electricity, but new work by scientists at KAUST shows their potential
uses extend far beyond the light-harvesting layer of solar panels.

Photostriction is the property of certain materials to undergo a change in internal strain, and
therefore shape, with exposure to light. Organic photostrictive materials offer the greatest
shape change so far reported in response to light—a parameter known as their photostrictive
coefficient—but their response is slow and unstable under ambient conditions.

KAUST electrical engineer Jr-Hau He and his colleagues have looked for photostriction in a new
family of materials, the perovskites. "Perovskites are one of the hottest optical materials," says
He. His work now shows there's more to their interesting optical properties than solar energy



harvesting. The researchers tested a perovskite called MAPbBr3 and revealed it had strong and
robust photostriction behavior.

To extensively test the material's photostriction capabilities, the team developed a new method.
They used Raman spectroscopy, which probes the molecular vibrations within the structure.
When bathed in light, photostriction alters the internal strain in the material, which then shifts
the internal pattern of vibrations. By measuring the shift in the Raman signal when the material
was placed under mechanical pressure, the team could calibrate the technique and so use it to
guantify the effect of photostriction.

"We demonstrated that in situ Raman spectroscopy with confocal microscopy is a powerful
characterization tool for conveniently measuring intrinsic photoinduced lattice deformation,"
says Tzu-Chiao Wei, a member of the team. "The same approach could be applied to measure
photostriction in other materials," he adds.

The perovskite material proved to have a significant photostriction coefficient of 1.25%. The
researchers also showed that the perovskite's photostriction was partly due to the photovoltaic
effect—the phenomenon at the heart of most solar cell operation. The spontaneous generation
of positive and negative charges when the perovskite is bathed in light polarizes the material,
which induces a movement in the ions the material is made from.

The robust and stable photostriction of perovskite makes it useful for a range of possible
devices, says Wei. "We will use this material to fabricate next-generation optoelectronic devices,
including wireless remote switchable devices and other light-controlled applications," he says.
[16]

Conformal metasurface coating eliminates crosstalk and shrinks

waveguides

The properties of materials can behave in funny ways. Tweak one aspect to make a device
smaller or less leaky, for example, and something else might change in an undesirable way, so
that engineers play a game of balancing one characteristic against another. 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.

"Imagine the water faucet in your home, which is an essential every-day device," said Douglas H.
Werner, John L. and Genevieve H. McCain Chair Professor of Electrical Engineering. "Without
pipes to carry the water from its source to the faucet, the device is worthless. It is the same with
'waveguides.' They carry electromagnetic or optical signals from the source to the device—an
antenna or other microwave, millimeter-wave or terahertz device. Waveguides are an essential
component in any electromagnetic or optical system, but they are often overlooked because
much of the focus has been on the devices themselves and not the waveguides."



According to Zhi Hao Jiang, former postdoctoral fellow at Penn State and now a professor at
Southeast University, Nanjing, China, metasurface coatings allow researchers to shrink the
diameter of waveguides and control the waveguiding characteristics with unprecedented
flexibility.

The researchers developed a material that is so thin it is almost 2-dimensional, with
characteristics that manipulate and enhance properties of the waveguide.

They developed and tested two conformal coatings, one for guiding the signal and one to cloak
the waveguide. They created the coatings by judiciously engineering the patterning on the
surfaces to enable new and transformative waveguide functionality. The coatings are applied to
a rod-shaped, Teflon waveguide with the guiding layer touching the Teflon and the cloaking
layer on the outside.

This quasi 2-dimensional conformal coating that is configured as a cloaking material can solve
the crosstalk and blockage problem. Dielectric waveguides are not usually used singly, but in
bundles. Unfortunately, conventional waveguides leak, allowing the signal from one waveguide
to interfere with those located nearby.

The researchers also note in today's (Aug. 25) issue of Nature Communications that "the
effectiveness of the artificial coating can be well maintained for waveguide bends by properly
matching the dispersion properties of the metasurface unit cells." Although the coating can be
applied to a bend in the waveguide, the waveguide cannot be bent after the coating is applied.