Symmetry Indicatorsof Topological
Materials

An efficient new method to find: out whether,a:material hosts topological states or not
could help increase’the.number of known topological materials from a fewhundred to
thousands[33]

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

A team.of researchers: at. thdniversity .of Maryland has found a-new way to route
photonsat/the micrometerscale without scattering by building @ topological.quantum
optics interface. [31]

Researchers at'the University of Bristol's Quantum Engineering Technology Labs have
demonstrated anewtype of silicon chip.that .can help building/and testing:quantum
computers.and could find their way into your. maobile; phone:to secure informat[80]

Theoretical physicists propose to use negative interference to control heat flow in
guantum deviceg29]

Particle physicists are studying ways to harndse power of the,quantumrealm to
further their research./[28]

A collaboration between/the lab/of Judy Cha; the Carol and Douglas MelAssdtant
Professor of Mechanical Engineering'& Materials Science, and 1BM'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: "qubitinterference." In
new research published:iBcience! Advances; engineers/and physicists fRigetti
Computingdescribe a breakthrough/that can.expand the size of practical quantum
processors byreducing interferende6)

The search;and:manipulation /of neV properties.emerging from/the quantum nature of
matter could lead to nexgeneration 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 singkmotion in the
structure of anatomically: thin' (2D) material possesses a naturally occurring circular
rotation. [24]


https://www.rigetti.com/
https://www.rigetti.com/

Topological effects; such asthose found in:crystals whose surfaces conduct electricity
while their bulk does:not; have-been an exciting topigphj/sics researchiin-recent years
and were'the subject /of the 2016 Nobel Prize in phygi3]

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 reseair. [22]

In experiments at SLAC, intense laser light (red) shining through a magnesium oxide
AOUOOAT AQAEOAA OEA 1T OOAOIT OO OOAI AT AAo
LCLS works like an extraordinary strobe light: Its ultrabrightpays takesnapshots 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]

I OT 1 TeffetithAt As@mingly turns materials transparent is seen for the first time
nXOAUO AO 3,1 #8680 ,#,38 fu0Y

Leiden physicists have manipulated light with large artificial atoms-salled quantum
dots. Before, this has only been accomplished with acataims. It is an important step
toward light-based quantum technology. [18]

In a tiny quantum prison, electrons behave quite differently as compared to their
counterparts in free space. They can only occupy discrete energy levels, much like the
electrons n 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 tre interactions of atoms and photons at the
single-particle level, and so require sources of single photons that are highly
indistinguishablez that is, as identical as possible. Current singleoton sources using
semiconductor quantum dots inserted infghotonic 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 kght
emitting displays, sensors, solar panels and biomedical applications has gained
momentum with a demonstration by researchers at the Department of

Energy's Oak Ridge Nationélaboratory. [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 phdt@imerge as solo
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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 Ursitgrof 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 ovarge
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 largescalephenomena, with quantum theory, which describes srsadble
phenomena, computer scientists are searching for technologies to build the quantum
computer using Quantum Information.

In August 2013, the achievement of "fully deterministic" quantum telepoitet, 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 electros explain not only the Maxwell Equations and the

Special Relativity, but the Heisenberg Uncertainty Relation, the WReeticle Duality

AT A OEA A1 AAOOT 180 OPET A1 O h AOEI AET ¢ OEA
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 othaide of the diffraction pattern, which violates the CP
and Time reversal symmetry.

The diffraction patterns and the locality of the seffaintaining electromagnetic

potential explains also the Quantum Entanglement, giving it as a natural part of the
Reldivistic Quantum Theory and making possible to build the Quantum Computer with
the help of Quantum Information.
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Preface
While physitsts are continually looking for ways to unify the theory of relativity, which describes
large-scale phenomena, with quantum theory, which describes satalle phenomena, computer
scientists are searching for technologies to build the quantum computer.

Australian engineers detect in retiine 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 occurawgaérs or groups of particles are
generated or interact in ways such that the quantum state of each particle cannot be described
independentlyg instead, a quantum state may be given for the system as a whole. [4]

| think that we have a simple bridge beten 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.

Symmetry indicators unearth new topological materials

An efficient new method to find out whether a material hosts topological states or not could help
increase the number of known topological materials from a few hundred to thousands. The
technique is very different to conventional targetiented searchesrad uses algorithms to sort
materials automatically according to their chemical properties and properties related to
symmetries in their structure.

Topological materialg exotic materials whose surface properties are very different to those in
their bulkg have created a flurry of interest in recent years and are currently revolutionizing
modern condensed matter physics thanks to their unique properties that come from their
topology. Topological phases of matter arecadled because they are mathematicallgscribed by
global invariants that are unaffected by imperfections, such as defects or other variations, in a
material.

On example of a topological material is a topological insulator (also known as a 2D quantum spin
Hall insulator). These are materidthat are electrical insulators in the bulk but which can conduct
electricity extremely well on their edge via special topologically protected electronic states.
Electrons can only travel in one direction along these states and do not backscatter. Thss mean



that they can carry electrical current with nezero dissipation of energy and so could be used to
make energyefficient electronic devices in the future.

Topological insulators were discovered over 10 years ago and we now know of a few hundred
materiak that belong to this category of material. Only a dozen or so of these appear to be suitable
for realworld applications, however.

Symmetry indicators theory
To predict whether a material can host topological states, researchers mainly rely on complex

theoretical calculations. Two teams, onefatinceton University in New Jersevyand

the other atHarvard University in Cambridge, Massachusetts, recently put

forward a new approach based on the recently established theory of symmetry indicators,
however, to speed up this search process. In these studies, the physicists use algorithms to sort
materials automaticayl according to their chemical properties and properties that come from
symmetries in their structure. These symmetries define where electrons move in the crystal lattice
and can be used to predict how electrons will behgwand therefore whether a materiacan host
topological states or not.

Researchers at Nanjing University in China leikigngang \an together with Harvard team,

led byAshvin Vishwanath, have now shown that the computation of symmetry indicators

for any crystalline symmetry setting can readily be integrated into standarepfinstiple

Ol £ Odzf  GA2y ad dnkeyitioralitdrghitirien@@ sgardNds,our tech@iqueddoes not

presuppose any specific phase of matter but instead automatically identifies all nontrivial electronic

band structures and then classifies them as either topological insulators, topologicatstais or

G2L2t 23A0Ff ONBAGIfEtAYS AyadzZ | i2NBZE SELX Aya 21y

To show how powerful their algorithm is, the researchers began by analysing crystalline materials in
eight different space groups (which represent a description of the symmetryof a crystal) and say
they haveunearthed hundreds of materials capable of hosting topological phases.

G¢g2 (2L1Rf23A0FHt ONRalGFttAYS AyadzZ Fi2NE Ay LI NI A O«
MoTe2 (space group 11) with scrgrotected hinge states, and the BiBr (space group 18) avi
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Fast technique

In traditional topologicamateriatdiscovery algorithms, weave to first preassume a specific

topological phase and then calculate the corresponding topological invariant(s), a process that is

usually verytimeD 2 y adzY Ay 3= Q &l &a 2Fyd® ahdz2NJ ySg G§SOKYyAIldzS A
comprehensively searchiféopological materials in 230 space groups in all

@rXiv:1807.097440 5 ¢ WPHysics Wosld.
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3D topological insulators go photonic

The researchers, reporting their worklMature Physics10.1038/s41567-019-0418-

/, say that many of the topological materials they have discovered using their approach could be
promising for making nexgeneration electronic devices. Indeed, their work has

alreadyattracted much attention.

The approach is not just limited to topological materials either and could be extended to other 2D
FYR YF3IySGiAO YIGSNAIfaz alea 2Fyd ahdzNJ LINBaSyli
symmetry indicators of phonons, photons and magnons cowslol la¢ built and used to search for
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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 Universityla@chnology have succeeded in manufacturing a component
that is able to host the sougtdfter particles.

Researchers throughout the world are struggling to build quantum computers. One of the great
challenges is to overcome the sensitivity of quantum systémdecoherence, 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 caputer.

Majorana fermions are highly original particles, quite unlike those that make up the materials
around us. In highly simplified terms, they can be seen aseleadfron. In a quantum computer,
the idea is to encode information in a pair of Majordaemions 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 topologicaliperconductors. 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 experimentéresults are consistent wittopological superconductivity,” says Floriana
Lombardi, professor at the Quantum Device Physics Laboratory at Chalmers.

To create their unconventional supermductor, they started with what is calledt@pological
insulator made of bismuth telluride, B&e;. A topologicalnsulator conducts current ira 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 topalalginsulator, 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 Bil'e; topological insuladr. But when they cooled the component down again later,
to routinely repeat some measurements, the situation suddenly changbe characteristics of

the superconducting pairs of electrons varied in different directions.

"And that isn't compatible at all ith conventional superconductivity. Unexpected and exciting
things occurred,” says Lombardi.

Unlike other research teams, Lombardi's team used platinum to assemble the topological insulator
with the aluminum. Repeated cooling cycles gave rise to stresshe material (see image below),
which caused the superconductivity to change its properties. After an intensive period of analyses,


https://phys.org/tags/superconductors/
https://phys.org/tags/topological+superconductivity/
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the researchers established that they had probably succeeded in creating a topological
superconductor.

"For practical apjtations, the material is mainly of interest to those attempting to build a
topologicalguantum computer. We want to explore the new physics hiddetnimological
superconductorst this is a new chapter in physics," Lombardi says.

The results were recently publishedNiature Communicationg a study titled “Induced
unconventional superconductivity on the surface states of &itopological inslator.” [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 interfatieeim

paper published in the journ&ciencethe group describes their topological photonic structure,

how it works, and the ways they tested it. Alberto Amo with Université de Lill in Sffais 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 béer integratedquantum optical circuitst a tendency of photons to scatter when
meeting with bends and splitters has inhibited progress. In this new effort, the researchers have
gotten around thigroblem by taking a new approachusing a semiconductor slab with triangular
holes arranged ihexagon patterns. The slab was fashioned into a lattice of hexagons, with larger
triangular holes on one side ofdlslab than the other. The routing occurred where the two types
of hexagons met.

The architecture of the slab createdige states where two photonic crystals metthe bands

touched and crossed over, prodogiedge states with energy between two crystal band gaps,
allowing aphoton to move between them without scattering. The arrangement of the hexagons
provided band gaps next to one another from one side of thb to the other, creating a channel

of sorts for the photons to travel. Photons were provided courtesyuaintum dots that were
embedded at border sitasfiring a laser at the quantum dots caused thengtnerate 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 quantsim do
were excited with a higipowered 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 tetdine the

size of the triangular holes and their distance from tkater of their respective hexagons, allowing
for the creation of the channels. The work, Amo suggests, is a big step toward the implementation
of new kinds obptical circuits. [31]
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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
couldfind their way into your mobile phone to secure information.

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

realisequantum technologies, such as supsecurecommunications, 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 individualdnses, mirrors and other optics.

Now, researchers at the University of Bristol have made a breakthrough for silicon quantum
photonicg they have developed new type of atip detector capable of measuring quantum
mechanical behavior within the integratediptarchitecture. This is a new tool for making sure

silicon photonic processors work the way they are designed and can themselves be used for other
tasks, such as generatilmndom numbers for cryptograhy, vital for the security industry, and as

an important part of new types of optical sensor.

PhD student Giacomo Ferranti explained, "The great thing about the detector is that it works at
room temperature. A lot of single photon detection requires cemigs at ~4 Kelvin" (minus 270
degrees centigrade).

"While those cold detectors have their own amazing benefits, they are currently expensive and
require large cryogenic fridges. Our detector is both small enough to sit on a human hair and can
work in normal room temperature conditions."

One of the key applications that tlietector has already been used for by the researchers is to
generate random number

"The ability to generate truly random numbers with a machine, without any bias, is actually a very
difficult task" explains Francesco Raffaelli, another PhD student responsible for the project.
"Random numbers have all sorts of applications, but the thrat interests me the most is its use

for cryptography and quantum cryptography. One day soon, | imagine these devices will be
routinely part of the micreprocessor on your desktop PC and in yoabile phone to keep them
secure." [30]
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Interference as a new method for cooling quantum devices
Theoretical physicists propose to use negative interference to control heat flow in quantum
devices. Their study has been publishe®lysical Revieletters

Quantum computer parts are sensitive and need to be cooled to very low temperatures. Their size
makes them particularly susceptible to temperature increases from the thermal noise in the
surrounding environment and that caused by other componewigrby. Dr Shabir Barzanjeh, a
postdoc at the Institute of Science and Technology Austria (IST Austria), together with Dr André
Xuereb from the University of Malta and Matteo Aquilina from the National Aerospace Centre in
Malta has proposed a novel methoal keep quantum devices cool. Their theoretical approach

relies on quantum interference.

Normally, if a hotter object is placed next to a cooler one, the heat can only flow from the hotter
object to the cooler one. Therefore, cooling an object that isaalyecooler than its surroundings
requires energy. A new method for cooling down the elements of quantum devices such as qubits,
the tiny building blocks of quantum computers, was now theoretically proven to work by a group of
physicists.

"Essentially, thelevice we are proposing works like a fridge. But here, we are using a quantum
mechanical principle to realize it," explains Shabir Barzanjeh, the lead author of the study and
postdoc in the research group of Professor Johannes Fink. In their paper, théydshow thermal
noise flows througlyuantum devices and they devised a method that can prevent the heat flow
to warm up the sensitive quantugtevice. They used a heat sink connected to both devices,
showing that it is possible to control itgat flow such that it cancels thieat coming from the
warm object diredly to the cool one via speciguantum interference.

"So far, researchers have focused on controlling the signal, but here, we study the noise. This is
quite different, because a signal is coherent, and thes@dsn't." Concerning the practical
implementation of the mechanism that adds the phase shift tottlemal noise, Shabir Barzanjeh
has some ideas, including a mechanical object that vibrates, otti@ugressure to control the
oscillation. "Now it is the time for experimentalists to verify the theory,"” he says. [29]

Learning to speak quantum

In a 1981 lecture, the famed physicist Richard Feynman wondered if a computer could ever

simulate the entie universe. The difficulty with this task is that, on the smallest scales, the universe

operates under strange rules: Particles can be here and there at the same time; objects separated

by immense distances can influence each other instantaneously; theesant of observing can

change the outcome of reality.
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