From Astronomy to the Nano-Scale

Researchers at Columbia University and University of California, San Diego, have
introduced a novel "multi-messenger" approach to quantum physics that signifies a
technological leap in how scientists can explore quantum materials. [39]

This inherent flexibility should enable many interesting applications in, for instance,
computation and health care. [38]

New research from Washington University in St. Louis and Argonne National Laboratory
coaxes electrons down the track that they typically don't travel—advancing
understanding of the earliest light-driven events of photosynthesis. [37]

UK researchers have developed world-leading Compound Semiconductor (CS) technology
that can drive future high-speed data communications. [36]

"Regarding new perspectives, this could lead to similar fantastic developments as in the
field of magnetism, such as electronic coherence in quantum computing,” says Schultze
hopefully, who now leads a working group focusing on attosecond physics at the Institute
of Experimental Physics. [35]

A team of researchers from Tohoku University, J-PARC, and Tokyo Institute of Technology
conducted an in-depth study of magnetic quasiparticles called "triplons." [34]

For the first time, a group of researchers from Universidad Complutense de Madrid, IBM,
ETH Zurich, MIT and Harvard University have observed topological phases of matter of
quantum states under the action of temperature or certain types of experimental
imperfections. [33]

With their insensitivity to decoherence, Majorana particles could become stable building
blocks of quantum computers. [32]

A team of researchers at the University of Maryland has found a new way to route
photons at the micrometer scale without scattering by building a topological quantum
optics interface. [31]

Researchers at the University of Bristol's Quantum Engineering Technology Labs have
demonstrated a new type of silicon chip that can help building and testing quantum
computers and could find their way into your mobile phone to secure information. [30]

Theoretical physicists propose to use negative interference to control heat flow in
quantum devices. [29]



Particle physicists are studying ways to harness the power of the quantum realm to
further their research. [28]

A collaboration between the lab of Judy Cha, the Carol and Douglas Melamed Assistant
Professor of Mechanical Engineering & Materials Science, and IBM's Watson Research
Center could help make a potentially revolutionary technology more viable for
manufacturing. [27]

A fundamental barrier to scaling quantum computing machines is "qubit interference." In
new research published in Science Advances, engineers and physicists from Rigetti
Computing describe a breakthrough that can expand the size of practical quantum
processors by reducing interference. [26]

The search and manipulation of novel properties emerging from the quantum nature of
matter could lead to next-generation electronics and quantum computers. [25]

A research team from the Department of Energy's Lawrence Berkeley National
Laboratory (Berkeley Lab) has found the first evidence that a shaking motion in the
structure of an atomically thin (2-D) material possesses a naturally occurring circular
rotation. [24]

Topological effects, such as those found in crystals whose surfaces conduct electricity
while their bulk does not, have been an exciting topic of physics research in recent years
and were the subject of the 2016 Nobel Prize in physics. [23]

A new technique developed by MIT researchers reveals the inner details of photonic
crystals, synthetic materials whose exotic optical properties are the subject of
widespread research. [22]

In experiments at SLAC, intense laser light (red) shining through a magnesium oxide
crystal excited the outermost “valence” electrons of oxygen atoms deep inside it. [21]

LCLS works like an extraordinary strobe light: Its ultrabright X-rays take snapshots of
materials with atomic resolution and capture motions as fast as a few femtoseconds, or
millionths of a billionth of a second. For comparison, one femtosecond is to a second
what seven minutes is to the age of the universe. [20]

A ‘nonlinear’ effect that seemingly turns materials transparent is seen for the first time
in X-rays at SLAC’s LCLS. [19]

Leiden physicists have manipulated light with large artificial atoms, so-called quantum
dots. Before, this has only been accomplished with actual atoms. It is an important step
toward light-based quantum technology. [18]
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In a tiny quantum prison, electrons behave quite differently as compared to their
counterparts in free space. They can only occupy discrete energy levels, much like the
electrons in an atom - for this reason, such electron prisons are often called "artificial
atoms”, [17]

When two atoms are placed in a small chamber enclosed by mirrors, they can
simultaneously absorb a single photon. [16]

Optical quantum technologies are based on the interactions of atoms and photons at the
single-particle level, and so require sources of single photons that are highly
indistinguishable - that is, as identical as possible. Current single-photon sources using
semiconductor quantum dots inserted into photonic structures produce photons that are
ultrabright but have limited indistinguishability due to charge noise, which results in a
fluctuating electric field. [14]

A method to produce significant amounts of semiconducting nanoparticles for light-
emitting displays, sensors, solar panels and biomedical applications has gained
momentum with a demonstration by researchers at the Department of

Energy's Oak Ridge National Laboratory. [13]

A source of single photons that meets three important criteria for use in quantum-
information systems has been unveiled in China by an international team of physicists.
Based on a quantum dot, the device is an efficient source of photons that emerge as solo
particles that are indistinguishable from each other. The researchers are now trying to
use the source to create a quantum computer based on "boson sampling”. [11]

With the help of a semiconductor quantum dot, physicists at the University of Basel have
developed a new type of light source that emits single photons. For the first time, the
researchers have managed to create a stream of identical photons. [10]

Optical photons would be ideal carriers to transfer quantum information over large
distances. Researchers envisage a network where information is processed in certain
nodes and transferred between them via photons. [9]

While physicists are continually looking for ways to unify the theory of relativity, which
describes large-scale phenomena, with quantum theory, which describes small-scale
phenomena, computer scientists are searching for technologies to build the quantum
computer using Quantum Information.

In August 2013, the achievement of "fully deterministic" quantum teleportation, using a
hybrid technique, was reported. On 29 May 2014, scientists announced a reliable way of
transferring data by quantum teleportation. Quantum teleportation of data had been
done before but with highly unreliable methods.

The accelerating electrons explain not only the Maxwell Equations and the



Special Relativity, but the Heisenberg Uncertainty Relation, the Wave-Particle Duality
and the electron’s spin also, building the Bridge between the Classical and Quantum
Theories.

The Planck Distribution Law of the electromagnetic oscillators explains the
electron/proton mass rate and the Weak and Strong Interactions by the diffraction
patterns. The Weak Interaction changes the diffraction patterns by moving the electric
charge from one side to the other side of the diffraction pattern, which violates the CP
and Time reversal symmetry.

The diffraction patterns and the locality of the self-maintaining electromagnetic
potential explains also the Quantum Entanglement, giving it as a natural part of the
Relativistic Quantum Theory and making possible to build the Quantum Computer with
the help of Quantum Information.
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Author: George Rajna
Preface
While physicists are continually looking for ways to unify the theory of relativity, which describes
large-scale phenomena, with quantum theory, which describes small-scale phenomena, computer
scientists are searching for technologies to build the quantum computer.

Australian engineers detect in real-time the quantum spin properties of a pair of atoms inside a
silicon chip, and disclose new method to perform quantum logic operations between two atoms.

5]

Quantum entanglement is a physical phenomenon that occurs when pairs or groups of particles are
generated or interact in ways such that the quantum state of each particle cannot be described
independently — instead, a quantum state may be given for the system as a whole. [4]

| think that we have a simple bridge between the classical and quantum mechanics by
understanding the Heisenberg Uncertainty Relations. It makes clear that the particles are not point
like but have a dx and dp uncertainty.

A quantum breakthrough brings a technique from astronomy to the
nano-scale

Researchers at Columbia University and University of California, San Diego, have introduced a novel
"multi-messenger" approach to quantum physics that signifies a technological leap in how scientists
can explore quantum materials.

The findings appear in a recent article published in Nature Materials, led by A. S. McLeod,
postdoctoral researcher, Columbia Nano Initiative, with co-authors Dmitri Basov and A. J. Millis at
Columbia and R.A. Averitt at UC San Diego.

"We have brought a technique from the inter-galactic scale down to the realm of the ultra-small,"
said Basov, Higgins Professor of Physics and Director of the Energy Frontier Research Center at
Columbia. Equipped with multi-modal nanoscience tools we can now routinely go places no one
thought would be possible as recently as five years ago."

The work was inspired by "multi-messenger" astrophysics, which emerged during the last decade as
a revolutionary technique for the study of distant phenomena like black hole mergers.
Simultaneous measurements from instruments, including infrared, optical, X-ray and gravitational-
wave telescopes can, taken together, deliver a physical picture greater than the sum of their
individual parts.

The search is on for new materials that can supplement the current reliance on electronic
semiconductors. Control over material properties using light can offer improved functionality,
speed, flexibility and energy efficiency for next-generation computing platforms.



Experimental papers on quantum materials have typically reported results obtained by
using only one type of spectroscopy. The researchers have shown the power of using a combination
of measurement techniques to simultaneously examine electrical and optical properties.

The researchers performed their experiment by focusing laser light onto the sharp tip of a needle
probe coated with magnetic material. When thin films of metal oxide are subject to a unique strain,
ultra-fast light pulses can trigger the material to switch into an unexplored phase of nanometer-
scale domains, and the change is reversible.

By scanning the probe over the surface of their thin film sample, the researchers were able to
trigger the change locally and simultaneously manipulate and record the electrical, magnetic and
optical properties of these light-triggered domains with nanometer-scale precision.

The study reveals how unanticipated properties can emerge in long-studied quantum materials at
ultra-small scales when scientists tune them by strain.

"It is relatively common to study these nano-phase materials with scanning probes. But this is the
first time an optical nano-probe has been combined with simultaneous magnetic nano-imaging,
and all at the very low temperatures where quantum materials show their merits," McLeod said.
"Now, investigation of quantum materials by multi-modal nanoscience offers a means to close the
loop on programs to engineer them." [39]

Flexible photonic crystal from liquid thin-film metasurface

Photonic crystals are predicted to be one of the wonders of the 21st century. In the 20th century,
new understanding of the electronic band structure-the physics that determines when a solid
conducts or insulates-revolutionized the world. That same physics, when applied to photonic
crystals, allows us to control light in a similar manner to how we control electrons. If photonic
crystals live up to their promise, all-optical transistors that consume little power and enable even
more powerful computers could become a reality.

But, that destination isn't in sight yet. The problem is one of control. We have exquisite control over
the fabrication of electronic integrated circuits, and semiconductors and electrons are very flexible-
if you want to change the energy of an electron, just apply a voltage.

Controlling the fabrication of photonic crystals is more difficult. Each tiny structure has to be

manufactured and precisely replicated and placed. Once made, a DhOtOﬂiC Crvstal is
unchanging, which makes it very inflexible. Likewise, photon energies can't be changed as
efficiently as electron energies. The upshot being, if photonic crystals are the future of computing,
we will have to learn how to make them in a way that allows them to be modified on the fly.

Rippled fluid films as metasurfaces
In a new Advanced Photonics paper, Shimon Rubin and Yeshaiahu Fainman from University of
California San Diego have shown how it might be possible to create a flexible yet durable photonic
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crystal from a liquid. They performed a series of calculations to predict the formation and

performance of a photonic crystal based on very localized heating in liquid thin films.

Liquids are generally not considered a great choice for a photonic crystal because liquids don't have
a fixed structure. The optical properties of a photonic crystal depend on light being able to reflect
millions of precisely placed structures. But liquids ebb and flow, so structures are quickly washed
away.

However, Rubin and Fainman noted that at the interface between a thin liquid film and a solid or
gas, the interplay between the liquid's surface tension and the local temperature can create a small
structure (e.g., the liquid piles up to create a little hill). However, it wasn't known if the structures
were significant enough to function as a metasurface (a type of photonic crystal) and modify light
propagation.

The researchers investigated several arrangements of liquid films that readily allow light to be
guided (at least partially) within the liquid. To obtain a structure, the researchers considered how
light absorption might heat the liquid. By using light waves that cross each other at different angles
inside the film, a pattern of bright and dark patches is created-this pattern is called a standing wave
pattern. The liquid absorbs energy only from the bright patches, hence, the liquid will only heat up
at very specific locations.

Flexible fluids

The researchers used the optical and thermal properties of the liquid, combined with fluid dynamic
equations and light propagation to calculate the heat absorbed by the fluid, and how that would
cause it to locally deform. The researchers showed that periodic arrangements of hills and valleys in
the liquid film could be obtained by crossing between two and four light waves. Two light waves
create lines of hills and valleys, three light waves create hexagonal arrangements of hills and valley,
while four light beams create a chess-board arrangement. Optical properties were then calculated
from these spatial arrangements.

To demonstrate the usefulness of their proposed metasurface, the researchers calculated the
threshold of a laser. If a gain media like a dye is added to the fluid, the periodic deformation of the
liquid as described above can lead to formation of resonators, capable to support lasing modes.
Modifying the symmetry of the photonic liquid crystal then enables control of the frequency and
emission direction of the lasing mode.

Liquid photonic crystals seem to have some very nice properties. Because light is used to create the
pattern in liquid, the pattern forms naturally and without errors. And, the pattern can be changed
on the fly by changing the angle between light waves, or wavelength of the light used to create the

pattern. Even moving patterns can be created by modulating one of the |_Igm waves. This inherent
flexibility should enable many interesting applications in, for instance, computation and health
care. However, the success of this approach will depend on a physical demonstration of the basic
concept. [38]
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Switching tracks: Reversing electrons' course through nature's solar

cells
Think of a train coming down the tracks to a switch point where it could go either to the right or the
left—and it always goes to the right.

Photosynthetic organisms have a similar switch point. After sunlight is absorbed, energy transfers
rapidly to a protein called the reaction center. From this point, the electrons could move either to
an A-branch (or "right-track") set of molecules, or to a B-branch ("left-track") set of identical
molecules.

New research from Washington University in St. Louis and Argonne National Laboratory coaxes
electrons down the track that they typically don't travel—advancing understanding of the earliest
light-driven events of photosynthesis. The findings were published Dec. 31 in the Proceedings of the
National Academy of Sciences (PNAS).

"In the bacterial reaction center, an electron goes to the A-branch of molecules 100% of the time.
We have made it go to the B-branch molecules 90% of the time," said Christine Kirmaier, research
professor of chemistry in Arts & Sciences.

"After all, if you think you understand how the train and the tracks work, why shouldn't you be able
to make the train go to the left rather than the right? That's essentially what we've done," Kirmaier
said.

"Why two tracks have evolved is still an open question, but the ability to control which track is
utilized is exciting," said Philip D. Laible, a biophysicist in the biosciences division at Argonne
National Laboratory and another lead author on the paper.

"We would like to make the switching between them a more well understood phenomenon so that
we could readily conduct electrons (pardon the pun) to any destination in a biO'OgiC&'

PrOCESS," he said. "Right now, we are controlling features that allows for electrons to
transverse a biological membrane—the first step in making energy from sunlight in this organism."

Re-engineering a pathway

Plants, algae and photosynthetic bacteria convert the energy of sunlight into charge-separated
units that they use to power life processes on Earth. And they do it in a very specific way: The
reaction centers in these organisms feature two mirror image-like arrangements of protein and
pigment cofactors, the A and B sides. Only one of these chains is active—the A side—while the B
side is silent.

Kirmaier, with collaborator Dewey Holten, professor of chemistry at Washington University, and the
team at Argonne National Laboratory have designed many iterations of photosynthetic mutants
with the goal of achieving charge separation using the B branch instead. The new research re-

engineers a pathway in a purple photosvnthetic bacteria, one of nature's solar cells.
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"Using molecular biology, we've been changing the amino acids around the pigments to try and find
the magic combination to make the B branch work," she said.

The game was to make structural changes that de-tune, or make less optimal, electron transfers
along the A side or normal path—and then, at the same time, speed up the reactions along the B
side.

The researchers were able to step up this trial-and-error process by testing all possible amino acids
at a specific target site on the A or B side, finding one or more that improve the B-side yield. They
then carried that "hit" forward in the mutant background to probe the next target site, and so on.

"It was unexpected," Kirmaier said. "We picked a site, and in one of our best mutant backgrounds,

placed all 20 amino acids there—and one of them gave us a 90% yield."

"This is a breakthrough achievement and something that [everyone in] the field has been actively
trying to figure out for decades—ever since we first set eyes on the two tracks in a high-profile
structural study in Nature nearly 35 years ago," said Deborah K. Hanson of the biosciences division,
Argonne National Laboratory, another lead author of the PNAS paper.

Rethinking the history of photosynthesis
The new work illuminates basic structure-function principles that govern efficient, light-induced
electron transfer.

This knowledge can aid design of biohybrid and bioinspired systems for energy conversion and
storage, the researchers said. The findings also will provoke additional experiments and analysis.

"The results raise lots of questions about what is required to get unidirectional charge separation,"
Holten said.

In nature, purple bacteria do initial charge separation with a two-step process that takes place in
several trillionths of a second. But the team's new B-branch solution gets almost the same yield,
even though it uses a tandem one-step process that takes 5-10 times longer.

"In the original history of photosynthesis, maybe such a combination of a fast two-step and slower
one-step processes gave a 80 or 90% yield—and then, over time, it optimized," Holten said. [37]

Researchers develop ultrafast semiconductors
UK researchers have developed world-leading Compound Semiconductor (CS) technology that can
drive future high-speed data communications.

A team from Cardiff University's Institute for Compound Semiconductors (ICS) worked with

collaborators to innovate an ultrafast and highly sensitive ‘avalanche photodiode! (APD)
that creates less electronic 'noise' than its silicon rivals.

APDs are highly sensitive semiconductor devices that exploit the 'photoelectric effect' - when
light hits a material—to convert light to electricity.
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Faster, supersensitive APDs are in demand worldwide for use in high-speed data communications
and light detection and ranging (LIDAR) systems for autonomous vehicles.

A paper outlining the breakthrough in creating extremely low excess noise and high sensitivity APDs
is published today in Nature Photonics.

Cardiff researchers led by Ser Cymru Professor Diana Huffaker, Scientific Director of ICS and Ser
Cymru Chair in Advanced Engineering and Materials, partnered with the University of Sheffield and
the California NanoSystems Institute, University of California, Los Angeles (UCLA) to develop the
technology.

Professor Huffaker said: "Our work to develop extremely low excess noise and high sensitivity
avalanche photodiodes has the potential to yield a new class of high-performance receivers for
applications in networking and sensing.

"The innovation lies in the advanced materials development using molecular beam epitaxy (MBE) to

"grow" the compound semiconductor crystal in an atom-by-atom regime. This particular
material is rather complex and challenging to synthesize as it combines four different atoms
requiring a new MBE methodology. The Ser Cymru MBE facility is designed specifically to realize an
entire family of challenging materials targeting future sensing solutions."

Dr. Shiyu Xie, Ser Cymru Cofund Fellow said: "The results we are reporting are significant as they

operate in very low-signal environment, at 'OOM temperature, and very importantly are

compatible with the current InP optoelectronic platform used by most commercial communication
vendors.

"These APDs have a wide range of applications. In LIDAR, or 3-D laser mapping, they are used to
produce high-resolution maps, with applications in geomorphology, seismology and in the control
and navigation of some autonomous cars.

"Our findings can change the global field of research in APDs. The material we have developed can
be a direct substitute in the current existing APDs, yielding a higher data transmission rate or
enabling a much longer transmission distance."

The Ser Cymru Group within ICS is now preparing a proposal with collaborators at Sheffield for
funding from UK Research and Innovation to support further work.

Cardiff University Vice-Chancellor, Professor Colin Riordan, added: "The work of Professor
Huffaker's Ser Cymru Group plays a vital role in supporting the ongoing success of the wider
Compound Semiconductor cluster, CS Connected, which brings together ten industry and academic
partners in South Wales to develop 21st Century technologies that create economic prosperity."

Professor Huffaker added: "Our research produces direct benefits for industry. We are working
closely with Airbus and the Compound Semiconductor Applications Catapult to apply this
technology to future free space optics communication system." [36]
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Experimental physicists redefine ultrafast, coherent magnetism
Electronic properties of materials can be directly influenced via light absorption in under a
femtosecond (10'%° seconds), which is regarded as the limit of the maximum achievable speed of
electronic circuits. In contrast, the magnetic moment of matter has only been able to be influenced
up to now by a light and magnetism-linked process and roundabout way by means of magnetic
fields, which is why magnetic switching takes that much longer and at least several hundred
femtoseconds.

A consortium of researchers from the Max Planck Institutes for Quantum Optics and for
Microstructure Physics, of the Max Born Institute, at the University of Greifswald and Graz

University of Technology have only now been able to manipulate the Mag netic properties of
a ferromagnetic material on a time scale of electrical field oscillations of visible light—and thus in
sync with the electrical properties—by means of laser pulses. This influence was able to be
accelerated by a factor of 200 and was measured and represented using time-resolved attosecond
spectroscopy. The researchers described their experiment in the journal Nature.

Composition of the material as a crucial criterion

In attosecond spectroscopy, magnetic materials are bombarded with ultra-short laser pulses
and electronically influenced. "The light flashes set off an intrinsic and usually delaying process in
the material. The electronic excitation is translated into a change in magnetic properties," explains
Martin Schultze, who until recently worked at the Max Planck Institute for Quantum Optics in
Munich, but who is now professor at the Institute of Experimental Physics at TU Graz. Due to the
combination of a ferromagnet with a non-magnetic metal, the magnetic reaction in the described
experiment, however, is brought about as fast as the electronic one. "By means of the special
constellation, we were optically able to bring about a spatial redistribution of the charge carrier,
which resulted in a directly linked change in the magnetic properties," says Markus Miinzenberg.
Together with his team in Greifswald, he developed and produced the special material systems.

Schultze is enthusiastic about the scale of the success of the research: "Never before has such a fast
magnetic phenomenon been observed. Through this, ultrafast magnetism will take on a completely
new meaning." Sangeeta Sharma, researcher at the Max Born Institute in Berlin who predicted the
underlying process using computer models, is impressed: "We are expecting a significant
development boost from this for all applications in which magnetism and electron spin play a role."

Initial step towards coherent magnetism

Furthermore, the researchers show in their measurements that the observed process runs
coherently: this means the quantum mechanical wave nature of the moving charge carriers is
preserved. These conditions allow scientists to use individual atoms as information carriers instead
of larger units of material or to influence the changing magnetic properties using another
specifically delayed laser pulse, thus advancing technological miniaturisation. "Regarding new
perspectives, this could lead to similar fantastic developments as in the field of magnetism, such as
electronic coherence in quantum computing," says Schultze hopefully, who now leads a working
group focusing on attosecond physics at the Institute of Experimental Physics. [35]
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The observation of topologically protected magnetic quasiparticles

A team of researchers from Tohoku University, J-PARC, and Tokyo Institute of Technology
conducted an in-depth study of magnetic quasiparticles called "triplons." The team conducted the
study with a low-dimensional quantum magnet, Ba>CuSi>06Clz, using neutron inelastic scattering by
AMATERAS at J-PARC. Their findings lead to the discovery of a new "topologically protected triplon
edge state" in the aforementioned compound.

The conceptual discovery of a topological insulator generates attention from a fundamental and
technological aspect. The study showed that we can expect a non-dissipative electron flow,

otherwise known as an " dge-state," to appear on the surface of topological insulators due to
the difference in topological characteristics between the inside and outside of the topological
insulator.

Tremendous efforts have been made to realize the topological edge state in real two-dimensional
and three-dimensional electronic materials since this non-dissipative flow has the potential be
utilized for energy-efficient information transmission and processing in the future.

The edge-state concept not only applies to electrons, but to quasiparticles, which carry spin current
in materials, emerging from electron spin fluctuations such as magnons and triplons. However, to
date, only few examples have demonstrated bosonic quasiparticles with topological characters.

Using neutron iNelastic scattering by AMATERAS at J-PARC, the team was able to precisely
determine the dispersion relations of triplons in the quantum magnet Ba:CuSi.OsCl2. The observed
dispersion relations fix parameters in the model Hamiltonian, which indeed, show that the
compound is a new realization of the Su-Schriffer-Heeger (SSH) model—the most fundamental
model to ascertain topological insulators. The SSH model is renowned for being equivalent to a
single spin under a fictitious magnetic field. The dispersion relations, as well as the fictitious
magnetic field, are shown in the title image.

The schematic view of the calculated
dispersion of triplons in Ba2CuSi206CI2 in the reciprocal lattice space. Triangular pyramids
represent fictitious magnetic fields. Credit: Kazuhiro Nawa

As the quasiparticle moves from left to right in the figure, a fictitious magnetic field makes a single

rotation. Simultaneously, quasiparticle phases rotate halfway, leading to a nontrivial topology.
This nontrivial topology of triplons stipulates that edge states exist in the middle of the energy gap
of Ba2CuSi>06Cl2.The observation of topological triplons should accelerate the detection of
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magnetic and thermodynamic properties of edge states, and may lead to the further development
of energy efficient information transmission and processing materials. [34]

Novel thermal phases of topological quantum matter in the lab

For the first time, a group of researchers from Universidad Complutense de Madrid, IBM, ETH
Zurich, MIT and Harvard University have observed topological phases of matter of quantum states
under the action of temperature or certain types of experimental imperfections. The experiment
was conducted using quantum simulator at IBM.

Quantum simulators were first conjectured by the Nobel Prize laureate Richard Feynman in 1982.
Ordinary classical computers are inefficient at simulating systems of interacting quantum particles
These new simulators are genuinely quantum and can be controlled very precisely. They replicate
other quantum systems that are harder to manipulate and whose physical properties remain very
much unknown.

In an article published in the journal Quantum Information, the researchers describe using
a guantum simulator with superconducting qubits at IBM to replicate materials known as
topological insulators at finite temperature, and measure for the first time their topological
guantum phases.

Topological phases of matter represent a very exciting and active field of research that is
revolutionising the understanding of nature and material science. The study of these novel phases
of matter has given rise to new materials such as topological insulators, which behave as regular
insulators in the bulk and as metals at the boundaries. These boundary electronic currents have
polarised spin.

Since the discovery of topological matter, researchers have looked for innovative ways to maintain
their properties at finite temperature. Previous theoretical works of the researchers at Universidad
Complutense proposed a new topologial quantum phase, the Uhmann phase, to characterise these
phases of matter in thermal systems. The Uhlmann phase allows researchers to generalise

the topological phases of matter to systems with temperature.

The results represent the first measurement of topological quantum phases with temperature, and
advance the synthesis and control of topological matter using quantum technologies. Among other
applications, topological quantum matter could be used as hardware for

future quantum computers due to its intrinsic robustness against errors. The experimental results
presented in this work show how these topological quantum phases can also be robust against
temperature effects. [33]
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Unconventional superconductor may be used to create quantum

computers of the future

With their insensitivity to decoherence, Majorana particles could become stable building blocks of
guantum computers. The problem is that they only occur under very special circumstances. Now,

researchers at Chalmers University of Technology have succeeded in manufacturing a component
that is able to host the sought-after particles.

Researchers throughout the world are struggling to build quantum computers. One of the great
challenges is to overcome the sensitivity of quantum systems to decoherence, the collapse of
superpositions. One track within quantum computer research is therefore to make use of Majorana
particles, which are also called Majorana fermions. Microsoft, among other organizations, is
exploring this type of quantum computer.

Majorana fermions are highly original particles, quite unlike those that make up the materials
around us. In highly simplified terms, they can be seen as half-electron. In a quantum computer,
the idea is to encode information in a pair of Majorana fermions separated in the material, which
should, in principle, make the calculations immune to decoherence.

So where do you find Majorana fermions? In solid state materials, they only appear to occur in
what are known as topological superconductors. But a research team at Chalmers University of
Technology is now among the first in the world to report that they have actually manufactured a

topological superconductor.

"Our experimental results are consistent with topological superconductivity," says Floriana
Lombardi, professor at the Quantum Device Physics Laboratory at Chalmers.

To create their unconventional superconductor, they started with what is called a topological
insulator made of bismuth telluride, Be,Tes. A topological insulator conducts current in a very
special way on the surface. The researchers placed a layer of aluminum, a conventional
superconductor, on top, which conducts current entirely without resistance at low temperatures.

"The superconducting pair of electrons then leak into the topological insulator, which also becomes
superconducting," explains Thilo Bauch, associate professor in quantum device physics.

However, the initial measurements all indicated that they only had standard superconductivity
induced in the Bi,Tes topological insulator. But when they cooled the component down again later,
to routinely repeat some measurements, the situation suddenly changed—the characteristics of
the superconducting pairs of electrons varied in different directions.

"And that isn't compatible at all with conventional superconductivity. Unexpected and exciting
things occurred," says Lombardi.
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Unlike other research teams, Lombardi's team used platinum to assemble the topological insulator
with the aluminum. Repeated cooling cycles gave rise to stresses in the material (see image below),
which caused the superconductivity to change its properties. After an intensive period of analyses,
the researchers established that they had probably succeeded in creating a topological
superconductor.

"For practical applications, the material is mainly of interest to those attempting to build a
topological guantum computer. We want to explore the new physics hidden in topological
superconductors—this is a new chapter in physics," Lombardi says.

The results were recently published in Nature Communications in a study titled "Induced
unconventional superconductivity on the surface states of Bi,Tes topological insulator." [32]

Routing photons with a topological photonic structure

A team of researchers at the University of Maryland has found a new way to route photons at the
micrometer scale without scattering by building a topological quantum optics interface. In their
paper published in the journal Science, the group describes their topological photonic structure,
how it works, and the ways they tested it. Alberto Amo with Université de Lill in Spain offers a short
history of recent attempts to route photons at such a tiny scale and also outlines the work done by
the team at UM.

As Amo notes, scientists would like to be able to route photons with precision at the micrometer
scale to create better integrated quantum optical circuits —a tendency of photons to scatter when
meeting with bends and splitters has inhibited progress. In this new effort, the researchers have
gotten around this problem by taking a new approach—using a semiconductor slab with triangular
holes arranged in hexagon patterns. The slab was fashioned into a lattice of hexagons, with larger
triangular holes on one side of the slab than the other. The routing occurred where the two types
of hexagons met.

The architecture of the slab created edge states where two photonic crystals met—the bands
touched and crossed over, producing edge states with energy between two crystal band gaps,
allowing a photon to move between them without scattering. The arrangement of the hexagons
provided band gaps next to one another from one side of the slab to the other, creating a channel
of sorts for the photons to travel. Photons were provided courtesy of guantum dots that were
embedded at border sites—firing a laser at the quantum dots caused them to generate individual
photons, which then propagated along channels with no scattering. Photons that were of opposite
polarization propagated in opposite directions.

The key to successfully building the structure was noting what happened when the quantum dots
were excited with a high-powered laser—focusing the lens on just one side of an edge caused the
emitted photon in the band gap to propagate without scattering. That led the team to fine-tune the
size of the triangular holes and their distance from the center of their respective hexagons, allowing
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for the creation of the channels. The work, Amo suggests, is a big step toward the implementation
of new kinds of optical circuits. [31]

New silicon chip for helping build quantum computers and securing

our information

Researchers at the University of Bristol's Quantum Engineering Technology Labs have
demonstrated a new type of silicon chip that can help building and testing quantum computers and
could find their way into your mobile phone to secure information.

Scientific effort worldwide is focused on attempting to use silicon photonics to

realise quantum technologies, such as super-secure communications, quantum super computers
and new ways build increased sensitivity sensors. Silicon photonic chips process information made
of light using an area millions of times smaller than if you were to try make the equivalent device
using individual lenses, mirrors and other optics.

Now, researchers at the University of Bristol have made a breakthrough for silicon quantum
photonics—they have developed new type of on-chip detector capable of measuring quantum
mechanical behavior within the integrated chip architecture. This is a new tool for making sure
silicon photonic processors work the way they are designed and can themselves be used for other
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