Flexible NanotubeElectronics

Antennas'made of carbon nanotube films-are just-as efficient ggpeo for wireless
applications,according to researchers atRice University's Brown School of Engineering.
[41]

The device:is a higkfficiency roundtrip light tunnel that squeezes visible light.to:the
very tip of the.condenser to interact with, atecules locally:and-send back information
that can decipher.and visualize the elusive nanoworld. [40]

"Smart glass,:an energegfficiency, product found;in newer windows of .cars, buildings
and airplanes; slowly changes between transparent/and tinted/at the flip olvéch. [39]

With international collaboration, researchers at Aalto University.have now developed a
nanaosized-amplifier tohelp light signals propage through microchips; [38]

Physicists:at the ' Kastler/:Brossel Laboratory /in/Paris have reached a:milestone in the
combination of cold:atoms andnanophotonics. [37]

The wniversal laws governingthe dynamics of interacting .quantum particles areryetto be
fully revealed to the scienti€ community./[36]

Now NIST: scientists have desighed.a vacuum gauge thatis/small enough to deploy in
commonly:usedvacuum.chambers.;]35

A novel technique/that nudgesingle atoms to switch places withinanatomically thin
material could bring scientists:another:step.closer to realizing theoretical physicist
Richard Feynman'svision of building tiny machines from the atom[Ggd)

One of the:most enduring "Holy Grail" experiments in-science’has been attempts to
directly observe atomic:motions:during structural changes.’[33]

Faster.and more compact: memory:storage devices watbme a reality when physicists
gain precise controlof the;spins of-electrons. [32]

UCLA biologistsreport they have transferred,amemory from one marine/snail to/another,
creating anartificial memory, by injecting’RNA from-,one toanothf31]

Scientistsat the Wellcome Trust/:Cancer Research/ UK /Gurdon Institute; University of
Cambridge,/ have identified a-new,type of stem cell’'in the brain which they say hagha
potential for repair following brain injury or diseasd30]



A team.of researchers working at the’Weizmann Institute ‘of Science  has fthartd
organoids.can be used to-better;understand how the:human brainwrinkles as it
develops/ [29]

A team of biologists has found an unexpected source for the brain's development, a
finding that offers new insights into the building of the nervous system. [28]

Researchers discover both the structure of specific brain areas and memory are linked to
gendic activity that also play important roles in immune system function. [27]

The inner workings of the human brain have always been a subject of great interest.
Unfortunately, it is fairly difficult to view brain structures or intricate tissues due to the
fact that the skull is not transparent by design. [26]

But now there is a technology that enables us to "read the mind" with growing accuracy:
functional magnetic resonance imaging (fMRI). [25]

Advances in microscopy techniques have often triggered intgatr discoveries in the

field of neuroscience, enabling vital insights in understanding the brain and promising
new treatments for neurodegenerative diseases such as Alzheimer's and Parkinson's.
[24]

What is the relationship of consciousness to the neagital activity of the brain? Does
the brain behave differently when a person is fully conscious, when they are asleep, or
when they are undergoing an epileptic seizure? [23]

Consciousness appears to arise naturally as a result of a brain maximizing its
information content. So says a group of scientists in Canada and France, which has
studied how the electrical activity in people's brains varies according to individuals'
conscious states. The researchers find that normal waking states are associated with
maximum values of what they call a brain's "entropy". [22]

New research published in the New Journal of Physics tries to decompose the structural
layers of the cortical network to different hierarchies enabling to identify the network's
nucleus, from whiclour consciousness could emerge. [21]

Where in your brain do you exist? Is your awareness of the world around you and of
yourself as an individual the result of specific, focused changes in your brain, or does that
awareness come from a broad network of neural activity? How does your brairnlpce
awareness? [20]

In the future, leveltuned neurons may help enable neuromorphic computing systems to
perform tasks that traditional computers cannot, such as learning from their environment,
pattern recognition, and knowledge extraction from big datources. [19]

IBM scientists have created randomly spiking neurons using phaisgnge materials to
store and process data. This demonstration marks a significant step forward in the



development of energefficient, ultra-dense integrated neuromorphic témologies for
applications in cognitive computing. [18]

An ion trap with four segmented blade electrodes used to trap a linear chain of atomic
ions for quantum information processing. Each ion is addressed optically for individual
control and readout usig the high optical access of the trap. [17]

To date, researchers have realised qubits in the form of individual electrons
(aktuell.ruhr-uni-bochum.de/pm2012/pm00090.html.en). However, this led to
interferences and rendered the information carriers diffittuo programme and read.
The group has solved this problem by utilising electron holes as qubits, rather than
electrons. [16]

Physicists from MIPT and the Russian Quantum Center have developed an easier method
to create a universal quantum computer usingultilevel quantum systems (qudits),

each one of which is able to work with multiple "conventional" quantum elements

qubits. [15]

Precise atom implants in silicon provide a first step toward practical quantum
computers. [14]

A method to produce sigficant 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 soure 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. Researcheenvisage 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 largescale phenomena, with quantum dory, which describes smadlcale
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 techngue, 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 Meell Equations and the

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

AT A OEA Al AAOOT 160 OPET A1 Ol h AOEI AET C OEA
Theories.

The Planck Distribution Law of the electromagnetoscillators 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 diffractioatiern, 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
Relativistic Quantum Theory ahmaking possible to build the Quantum Computer with
the help of Quantum Information.
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Preface

Where in your brain do you exist? Is your awareness of the world around you and of yourself as an
individual the result of specific, focused changes in your brain, or does that awareness come from a
broad network of neural activity? How does your brainguoe awareness? [20]

While physicists 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 technologiesuild 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 phical 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
independentlyg instead, a quantum state may be given for the system as a whole. [4]

| thinkthat 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.

Antennas of flexible nanotube films an alternative for electronics

Antennas made of carbon nanotube films are just as efficient pgardor wireless applications,
according to researchers at Rice University's Brown School of Engineering. They're also tougher,
more flexible and can essentially be painted onto devices.

The Rice lab of chemical and biomolecular engineer Matteo Pasgstdtantennas made of

"shearaligned" nanotubdilMmS. The researchers discovered that not only were the conductive
films able to match the performance of commonly used copper films, they could also be made
thinner to better handle higher frequencies.

The results detailed iApplied Physics Letterdvance the lab's previous work on antennas based on
carbon nanotube fibers.

The lab's sheaaligned antennas were tested at the National Institute of Standards arfthdégy
(NIST) facility in Boulder, Colorado, by lead author Amram Bengio, who carried out the research
and wrote the paper while earning his doctorate in Pasquali's lab. Bengio has since founded a
company to further develop the material.

At the target frequencies of 5, 10 and 14 gigahertz, the antennas easily held their own with their
metal counterparts, he said. "We were going up to frequencies that aren't even usedrnamiil
Bluetooth networks today, but will be used in the upcoming 5G generationtehaas," he said.

Bengio noted other researchers have argued nanotbésed antennas and their inherent

properties have kept them from adhering to the "classical relationship between radiation efficiency
and frequency," but the Rice experiments with moeéined films have proved them wrong,

allowing for the oneéto-one comparisons.


https://phys.org/tags/films/

: .\ W
Rice University alumnus Amram Bengio holds a flexible nanotube film antenna. The antenna, which

has proven as efficient as those made of copper vaia®, essentially be painted onto devices.
Credit: Jeff Fithey

To make the films, the Rice lab dissolvea@notubes, most of them singlevalled and up to 8
microns long, in an acidased solution. When spreamhto a surface, the shear force produced
prompts the nanotubes to sellign, a phenomenon the Pasquali lab has applied in other studies.

Bengio said that although gahase deposition is widely employed as a batch process for trace
deposition of metals,te fluidphase processing method lends itself to more scalable,

continuousantenna manufacturing.

The test films were about the size of a glass slide, and between 1 and 7 microns thick. The
nanotubes are heltbgether by strongly attractive van der Waals forces, which gives the material
mechanical properties far better than those of copper.

The researchers said the new antennas could be suitable for 5G networks but also for aircraft,
especially unmanned aeriathicles, for which weight is a consideration; as wireless telemetry
portals for downhole oil and gas exploration; and for future "internet of things" applications.

"There are limits because of the physics of howgd@Ctromagnetic wave propagates

through space," Bengio said. "We're not changing anything in that regard. What we are changing is
the fact that the material from which all these antennas will be made is substantially lighter,
stronger and more resistant to a wider variety of adverse environmental conditions than copper."

"This is a great example of how collaboration with national labs greatly expands the reach of
university groups," Pasquali said. "We could never have done this workuwithe intellectual
involvement and experimental capabilities of the NIST ted#i]
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Fiber -optic probe can see molecular bonds
In "Avengers: Endgame,” Tony Stark warned Scott Lang that sending him into the quantum realm
and bringing him back would be a "billibo+rone cosmic fluke."

In reality, shrinking #ght beam to a narometer-sized point to spy on quantwscalelight-
matter interactions and retrieving the information is not any easier. Now, engineers at the
University of California, Riverside, have developed a new technadogwymel light into the
guantum realm at an unprecedented efficiency.

In aNature Photonicpaper, a team led by Ruoxue Yan, an assistant professor of chemical

andenvironmental engineering, and Ming Liu, an assistant professor of electrical and
computer engineering, describe the world's first portable, inexpensive, optical nanoscopy tool that
integrates a glass optical fiber with a silver nanowire condenser. The device isedfluigimcy

round-trip light tunnel that squeezes visible light to the very tip of the condenser to interact with
molecules locally and send back information that can decipher and visualize the elusive nanoworld.

Our ability to zoom in on the fine details of an objexliinited by the wave nature of light. If you
ever used an optical microscope in a science class, you probably learned that one can only magnify
an object by about 2,000 times before everything becomes a blur. That's because it's impossible to

distinguishany features finer than half the/avelength of lightt a few hundred nanometers
for farfield visible lightt no matter how advanced your microscojse

Unlike farfield waves, neafield waves only exist very close to a light source and are not governed
by this rule. But they do not travel voluntarily and are very difficult to utilize or observe. Since the
1920s, scientists have thought that forcilight through a small pinhole on a metal film would
generate neaffield waves that could be converted to detectable light, but the first successful
prototypes weren't built until half a century later.

In the early 1990s, Eric Betzig, the 2014 Nobel laereathemistry, made substantial
improvements to earlier prototypes in imaging performance and reliability. Since thenfiekhr
scanning optical microscopy, as the technique is known, has been used to reveal the nanoscale
details of many chemical, biagiacal, and material systems.

Unfortunately, almost another hatfentury later, this technique is still esoteric and used by few.

"Sending light through a tiny pinhole a thousatimes smaller than the diameter of a strand of
human hair is no piece of caké,iu said. "Only a few in a million photons, or light particles, can
pass the pinhole and reach the object you want to see. Getting aayeticket is already
challenging; a roundrip ticket to bring back a meaningful signal is almost a daydream."

Sciertists have made endless efforts to improve this chance. While the most sophisticated probes
today allow only one in 1,000 photons to reach the object, the UC Riverside device delivers half the
photons to the tip.
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"The key of the design is a tvabep sequetial focusing process,” Yan said. "In the first step, the
wavelength of the fafield light slowly increases as it travels down a gradually thinning optical
fiber, without changing its frequency. When it matches the wavelength of the electron density

wavein the silver nanowire lying on top of tri@ptical fiber, boom! All energy is transferred to
the electron density wave and starts to travel on the surface of the nanowire instead."

In the second step dhe focusing process, the wave gradually condenses to a few nanometers at
the tip apex.

The UC Riverside device, a tiny silver needle with light coming off the tip "is sort of like Harry
Potter's wand that lights up a tiny area,” explained Sanggon Kinddtiral student who carried
out the study.

Kim used the device to map out the frequency of molecular vibrations that allow one to
analyzechemical bonds that hold atoms together in a molecule. Thiki®wn as tip

enhanced Raman spectroscopy, or TERS, imaging. TERS is the most challenging brarblaf near
optical microscopy, because it deals with very weak signals. It usually requires bulky;adoiléon
equipment to concentrate light and tedioyseparation work to get superesolution images.

With the new device, Kim achieveehinometer resolution on a simple portable equipment. The
invention could be a powerful analytical tool that promises to reveal a new world of information to
researchers in all disciplines of nanoscience.

"The integration of a fibenanowire assembly with tenhanced Raman spectroscopy coupled with

a scanning tunneling microscope enables the collection oftdgblution chemical images in a

simple and elegargetup, placing this tool at the forefront of optical imaging and spectroscopy. We
are proud of this achievement and its impact on chemical research. We are even more encouraged
by its potential application in a wide array of disciplines such as biol@gidahaterials research,

which will further scientific advancement,” said Lin He, acting deputy division director for the
National Science Foundation Division of Chemistry that in part funded the research. [40]

Chemists could make 'smart glass' smarter by manipulating it at the

nanoscale
"Smart glass," an energgfficiency product found in newer windows of cars, buildings and
airplanes, slowly changes between transparent and tinted at the flip of a switch.

"Slowly" is the operative word; typicalmart glaSStakes several minutes to reach its darkened
state, and many cycles between light and dark tend to degrade the tinting quality over time.
Colorado State University chemists have devispdtantially major improvement to both the

speed and durability of smaglaSS by providing a better understanding of how the glass works at
the nanoscale.

They offer an alternative nanoscale design for smaggla new research published June 3
in Proceedings of the National Academy of Scierfies project started as a grawriting exercise
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for graduate student and first author R. Colby Evans, whose idead passion for the
chemistry of coloichanging materiais turned into an experiment involving two types of
microscopy and enlisting several collaborators. Evans is advised by Justin Sambur, assistant
professor in the Department of Chemistry, who is th@gés senior author.

The smart glass that Evans and colleagues studiedl @&Ctrochromic,” which works by using a
voltage to drive lithium ions into and out of thin, clear films of a material calgtgSten

oxide. "You can think of it as a battery you can see through," Evans said. Tygicisten-
oxide smart glass panels takeI2 minutes to trasition between clear and tinted.

Nanopatrticles tint faster

The researchers specifically studied electrochromic tungetede nanoparticles, which are 100

times smaller than the width of a human hair. Their experiments revealed that single nanopatrticles,
by themselves, tint four times faster than films of the same nanoparticles. That's because interfaces
between nanoparticles trap lithium ions, slowing down tinting behavior. Over time, these ion traps
also degrade the material's performance.

To support thé claims, the researchers used bright field transmission microscopy to observe how
tungstenoxide nanoparticles absorb and scatter light. Making sample "smart glass," they varied
how much nanoparticle material they placed in their samples and watchedmtinting

behaviors changed as more and more nanoparticles came into contact with each other. They then
used scanning electron microscopy to obtain highesolution images of the length, width and
spacing of the nanopatrticles, so they could tell, faaraple, how many particles were clustered
together, and how many were spread apart.

Based on their experimental findings, the authors proposed that the performance of smart glass
could be improved by making a nanopartiblased material with optimally spadeatrticles, to
avoid iontrapping interfaces.

Other applications

Theirimaging technique offers a new method for correlating nanoparticle structure and
electrochromic properties; improvement of smavindow performance is just one application that

could result. Their approach could also guide applied research in batteries, fuel cells, capacitors and
Sensors.

"Thanks to Colby's work, we have developed a new way to sttiggimical

reactions in nanoparticles, and I expect that we will leverage this new tool to study
underlying processes in a wide range of important energy technologies," Sanibui394
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Breakthrough in photonics 2 data-transmitting light signal gets power

boost from nanosized amplifier

Light is more energgfficient and a faster way of transferring data than electricity. Until now, the
rapid attenuation of light signals in miareips has prevented the use of light as a source of an
information signal.

With international collaboration, researchers at Aalto University have now developed a nanosized
amplifier to help light signals propagate through microchips. In their study peblistNature
Communicationsthe researchers show that signal attenuation can be significantly reduced when
data is transferred inside a microchip, for example, from one processor to another.

"Photonics, or light transfer that is already widely usethternet connections, is increasingly

being used by microcircuit systems because light is a more energy efficient and faster way of
transferring data than electricity. The increase in informatio atxjuires an increase in
performance. Boosting performance through electronic methods is getting to be very difficult,
which is why we're looking towards photonics for answers," says doctoral candidate John Rénn.

Help from atomic layer deposition

The resarchers made their breakthrough with the help of a Finnish inventionathaic layer
deposition method. According to the team, the method is iddar processing various kinds of
microcircuits, as it plays an important role in manufacturing today's microprocessors.

So far, the atomic layer deposition method has been used mainly in electronic applications.
However, the newly released study indicathat possible applications also exist in photonics. In
the development of photonics, new components must also ideally work with electrittityt is, in
electronics.

"Silicon is a key material in electronics, and that's why it's also included ligbuamplifiers
together with the amplification element erbium," R6nn says.

"Today's compound semiconductors, which are used, for instance, in LED technology, can also be
used effectively in light amplification. That being said, most compound semicomdwr® not
compatible with silicon, which is a problem for mass production."”

The study showed that a light signal can be potentially boosted in all kinds of structures and that
the structure of a microchip is not limited to a specific type. The resultsatelthat atomic layer
deposition is a promising method for developimécrochip photonic processes.

"Our international collaboration madelareakthrough with one component: a nanosized amplifier.
The amplification that we got was very significant. But we'll still need more components
beforelight can completely replace electricity in data transfgstems. The firgbossible

applications are in nanolasers, and in sending and amplifying data,” says Professor Zhig8B%un.
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When cold atoms meet nano: A wired quantum node

Physicists at th&astler Brossel Laboratory in Paris have reached a milestone in the combination of
cold atoms and nanophotonics. Using fitsetdressable atoms, they have created the first wired
atomic entangled state that can be stored and later read out as a guideé gington.

The integration of coldtoms with nanoscopic waveguides has raised a lot of interest in recent
years, giving birth to a booming research field knowwaseguide guantum electrodynamics.

Such integrated platforms hold the promises of better scalability and figures of merit than free
space implementations, which will eventually lead tedhip technologies for a

future quantum internet. This combination could be a new frontier for at@inoton physics. So

far, the experimental progress has been limited due to the very challenging combination of these
two worlds.

In the journalNature, Piofessor Julien Laurat and his colleagues at Sorbonne University report that
they have used an atomic register composed of a chain of individual cesium atoms tightly trapped
along a nanoscale waveguide. In this configuration, they were able to generastarada single
atomic excitation, as in a quantum memory, and subsequently read it out in the form of a guided
single photon.

In the experiment, the nanowaveguide is fabricated from a commercial fiber of which the diameter
has been locally reduced to 40@mometers. Given the fiber's diameter, a large fraction of the light
travels outside the nanofiber in an evanescent field, which is heavily focused along 1 centimeter.
This field allows 2000 cold atoms to be trapped around 200 nm from the nanofiber sufféieis

a very powerful technique to trap cold atoms and to interact with them via a fiber," says Jérémy
Raskop, a graduate student involved in this experiment. "This trapping technique was developed a
few years ago, but pushing the system to make antiu@ device was a strong challenge.”
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Picture of an optical nanofiber (in red) inside a vacuum chamber. Arrays of individual cold atoms
can be trapped around the fibeabout 200 nanometers from the surfacend addressed via the
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Initially, all thetrapped atoms in the register are prepared on one energy level. Then, a weak write
pulse that illuminates the fiber induces scattering. The detection of a single photon inside the fiber
heralds the creation of a single collective excitation shared amaomgvtiole atomic chain. To

retrieve the stored information, an external read pulse is sent to the atomic ensemble. The atom
waveguide coupling then allows the efficient transfer of the single excitation into a filsangtk

photon. The performance is already above the known operational benchmarks for the realization of
guantum network primitives.

"This work is an important milestone for the emerging wavegudeD field as this capability brings

it into the quantum regime,” says Neil Corzo, a Marie Curie postdoctoral fellow and the lead author
of the study. "Our device can find applications for quantum networks as our experiment now offers
a wired quantum node. Also, our demonstration opens an avenue forstgsies towards

guantum nonlinear optics and quantum mabgdy physics in this orgimensional system."

This demonstration follows other works thahurat's group has done in recent yearscluding the
first demonstration oftopped light in an optical fiber or the realization ofecord-breaking
efficient quantum memory for secure storagg37]

Breaching the horizons: Universal spreading laws confirmed

The universal laws governing the dynamics of interacting quantum particles are yet titybe fu
revealed to the scientific community. A team of researchers at the Center for Theoretical Physics of
Complex Systems (PCS), within the Institute for Basic Science (IBS in Daejeon, South Korea) have
proposed to use an innovative toolbox that enablesnthi® obtain simulation data of equivalent to

60 years' experimental time. By extending the computational horizons from one day to
unprecedented time scales, the IBS researchers were able to confirm that a cloud of quantum
particles continues to spread everhen particle to particle interactions, originally deemed to be

the activator of the spreading, exert almost no strength. Their findings were published online on 30
January 2019 &@®hysical Review Letters

The work deals with two of the most fundamentdlgmomena of condensed matter: interaction
and disorder. Think about ultreold atomic gases. One atom from the gas is a quantum particle,
and thus a quantum wave as well, which has both amplitude and phase. When such quantum
particles, i.e. waves fail tarppagate in a disordered medium, they get trapped and come to a
complete halt. This destructive interference of propagating waves is Anderson localization.

Microscopigarticles, described by quantum mechasi interact when approaching each other.

The presence of interaction, at least initially, destroys localization in a clowsbofum particles,

and allows the cloud to escape and smear out, thougly slowly and subdiffusively. When atoms
interact (collide) they exchange not only energy and momentum, but change their phases as well.
The interaction destroys regular wave patterns, leading to the loss of the phase information. As
time goes on the clad spreads and thins out.
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Hot debates over the past decade were devoted to the question of whether the process will stop
because the effective strength of interaction becomes too low, or not. Experiments with Bose
Einstein condensates of ultracold Potassiatoms have been conducted for up to 10 seconds as
researchers try hard to keep the atomic gas stable. Numerical computations were performed for an
equivalent of one day. Remarkably theoretical computational physics was already in a unique
situation to beway superior to experiments!

Wave packet density profiles of a zero (orange, respecting Anderson localization) aneraon
(blue, disrespecting Anderson localization) nonlinearity. The simulation times reach 2*10712.
Credit: IBS

The team of IBS reseders, led by Sergej Flach, decided to give the cloud dynamics a novel hard
numerical test and to extend the computational horizons from one day to 60 years in experimental
time equivalent. The main challenge is the slow pace of the process: one has latsitha

dynamics of the cloud for a long time to see any significant changes. The new goal was to extend
the previous records drastically, by a factor of at least ten thousand, and to simultaneously develop
a new approach to fast simulations of computatadly hard physical models.

The research team observed subdiffusiv@uds spreading up to the record timescales
investigated. The key to the success was the usage-tdilted Discrete Time Quantum Walks
theoretical and experimental platforms fguantum computations. Their unique feature is that
time doesn't flow continuously, but increments abruptly, becoming one of the main speedup
factors. Several additional ¢anical tools were used to realize the new record times: massive
supercomputing powers of IBS, program optimization, and the use of clusters of graphical
processing units (GPU).

The results of the team pose complicated new questions on the understandihg oiterplay of
interaction and disorder. IBBCS researchers continue to work on different aspects of the problem,
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