LaserStudy Explosions

An explasion:is a.complexeventinvolving quickly: changing temperatures, pressures and
chemical concentrationg42]

A team/led by University/of Utah physicists-has discovered how tofix;a:major problem
that occursiin/lasers:made from a new type of ragal called quantum dots.{41]

A team of researchers from the University .of Central Florida’ and/Michigan: Technological
University has/developed alaser:system concept built’'onthe principles of supersymmetry.
[40]

Laser physicists have ;succeeded in:reducing.the acquisition timddta required for
reliable characterization.of multidimensional electron:motions by a factor of/ 100&0]

Princeton researchers have demonsteal @ new way of making.controllable;’quantum
wires" in the presence/of amagnetic field, according:to-a new study publishbiiare.
[38]

Physigsts at the/Kastler Brossel LLaboratory in/Paris have reached a milestone:in the
combination of cold atoms and.nanophotonics. [37]

The wniversal laws governing the dynamics of interacting .quantum- particles are:yet-to be
fully revealedto the scientificccommunity: {36]

Now NIST: scientisthave designed a.vacuum:gauge that is.small enough-to' deploy in
commonly:usedvacuum ,chambers.5]35

A novel technique/that nudges single atoms:to shiplaces within:an:atomically/thin
material could bring scientists: another:step.closer to realizing-theoretical physicist
Richard Feynman'svision of building tiny machines from the atom [G4]

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

Faster.and more compact: memory:storage devices will-become:a reality when physicists
gain precise control of the spins of electrons2]3

UCLA biologsts report they have transferred azmemory from one:marine:snail:to another,
creating anartificial memory, by injecting’RNA from-one to anothf31]



Scientists at the Wellcome Trust/.Cancer Research/UK/Gurdon Institute; University of
Cambridge, have identified a-new, type of stem cellin the brain.which they say has:a high
potential for repair following brain injury or diseasd30]

A team of researchers working:at the’Weizmann Institute ‘of Science has found that
organoids.can be used to better;understand how the:human brain wrinkles as it
develops, [29]

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

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

The inner workings of the human brain hawaways 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 Minith growing accuracy:
functional magnetic resonance imaging (fMRI). [25]

Advances in microscopy techniques have often triggered important 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 neurological activity of the brain? Does
the brain behave differently when a person is fully conscious, when they are asleep,
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'
conscous 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 networko different hierarchies enabling to identify the network's
nucleus, from which our 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, feea changes in your brain, or does that
awareness come from a broad network of neural activity? How does your brain produce
awareness? [20]



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

IBM scientists have created randomly spiking neurons using pkesgnge materials to
store and process data. This demoragton marks a significant step forward in the
development of energefficient, ultra-dense integrated neuromorphic technologies for
applications in cognitive computing. [18]

An ion trap with four segmented blade electrodes used to trap a linear chaistaic
ions for quantum information processing. Each ion is addressed optically for individual
control and readout using 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 difficult to programme and read.
The group has solved this problem by utilising electron holes as qubits, rather than
electrons. [16]

Physiciss from MIPT and the Russian Quantum Center have developed an easier method
to create a universal quantum computer using multilevel 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 significant amounts of semiconducting nanopatrticles for Hght
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 interoadil 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 lmpsbn 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 identabtons. [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 areontinually looking for ways to unify the theory of relativity, which
describes largescale phenomena, with quantum theory, which describes sracdlle
phenomena, computer scientists are searching for technologies to build the quantum
computer using Quanim 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 teleportatin 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 WRaeticle Duality
AT A OEA Al KA uibding tite Bridgetbetweenithe 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 Intera@n 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 sathaintaining electromagneic

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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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 technologiesbuild 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
independentlyc 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.

Using lasers to study explosions

An explosion is a complex event involving quickly changing temperatures, pressures and chemical
concentrations. In a paper in tRlurnal of Applied Physiaspecial type of infrared laser, known

as a sweptvavelength external cavity quantum cascade lgsereptECQCL), is used to study
explosions. This versatile instrument has a broad wavelength tuning range that allows the
measurement of multiple chemical substances, even large molecules, in an explosive fireball.

The ability to measure and monitor theaimatic changes during explosions could help scientists
understand and even control them. Measurements using rugged temperature or pressure probes
placed inside an explodirfg'reba” can provide physical dataut cannot measure chemical

changes that may be generated during the explosion. Sampling the end products of a detonation is
possible but provides information only once the explosion is over.

In this work, molecules in the fireball are detected by moritgrthe way they interact with light,
especially in the infrared region. These measurements are fast and can be taken a safe distance
away. Since fireballs are turbulent and full of strongly absorbing substances, lasers are needed.

Using a new instrumentuilt in their lab, the investigators measured explosive events at faster
speeds, at higher resolutions and for longer time periods than previously possible using

infraredlaser Iight.


https://phys.org/tags/fireball/
https://phys.org/tags/laser+light/

"The sweptECQCL appach enables new measurements by combining the best features of high

resolution tunabldaSer spectroscopy with broadband methods such as FTIRaUtwor Mark
Phillips explained.

The study looked at four types high-energy explosives, all placed in a specially designed chamber

to contain the fireball. AASEr beam from the sweptECQCL was directed through this

chamber while rapidly varying the laser light's wingth. The laser light transmitted through the
fireball was recorded throughout each explosion to measure changes in the way infrared light was
absorbed by molecules in the fireball.

The explosion produces substances sucBagsbon dioxide, carbon monoxide, water vapor
and nitrous oxide. These can all detected by the characteristic way each absorbs infrared light.
Detailed analysis of the results provided the investigators with information about testyrer and
concentrations of these substances throughout the explosive event. They were also able to
measure absorption and emission of infrared light from tiny solid particles (soot) created by

the eXplosion.

The sweptECQCL measurements provide a new way to study explosive detonations that could have
other uses. In future studies, the investigators hope to extend the measurements to more
wavelengths, faster scan rates, and higher resolutif4#.

New phenomenon discovered that fixes a common problem in lasers:

Wavelength splitting

A team led by University of Utah physicists has discovered how to fix a major problem that occurs in
lasers made from a new type of material called quantum dots. The Amfere-seen phenomenon

will be inportant for an emerging field of photonics research, including one day making-otigre

that code information using light instead of electrons.

The study published on Feb. 4, 2019, in the jouNstlre Communications

Lasers are devices thamplifylight, often producing a single, narrow beam of light. The strength of
the beam depends on the material with which tleer was built; light passes throughe

material, which produces a beam made of light waves all with similar wavelengths, concentrating a
lot of energy into a small area. This material property to be able to amplify the beam's energy is
called 'gain.”

Many scientists are building lasers withantum dots. Quantum dots are tiny crystals of
semiconductor materials grown to sizes of only about-46fims across. The size of the crystals
determines theight beam'swavelength, from blue light to red light and even into the infrared.

People are interested in quantum dot lasers because they can tune properties simply by growing
the crystals in different sizeby using different semiconducting materials and choosing different
shapes and sizes of the lasers. The downside is that quantum dot lasers often contain miniscule
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defects that split the light into multiple wavelengths, which distributes the beam's erardy
makes it less powerful. Ideally, you want the laser to concentrate the power into one wavelength.

The new study sought to correct this defect. First, collaborators from the Georgia Institute of
Technology made 50 microscopic ditlaped quantum dot kers out of cadmium selenide. The U
team then showed that that almost all of the individual lasers had defects that split the
wavelengths of beams.

The researchers then coupled two lasers together to correct the wavelength splitting. They put one
laser atfull gain, which describes the maximum amount of energy possible. To achieve full gain, the
scientists shined green light, called the "pump” light, onto the first laser. The quantum dot

material absorbedhe light and reemitted a more powerful beam of red light. The stronger the

green light they shined on the laser, the higher the gain in energy. When the second laser had no
gain, the difference between the two lasers prevented any interaction, andisglgtill occurred.
However, when the team shined a green light onto the second laser, its gain increased, closing the
gain difference between the two lasers. Once the gain in the two lasers became similar the
interaction between the two lasers correctélge splitting and focused the energy into a single
wavelength. This is the first time anyone has observed this phenomenon.

The findings have implications for a new field, called optics and photonics research. In the past 30
years, researchers have been ekmenting with using light to carry information, rather than
electrons used in traditional electronics. For example, rather than putting lots of electrons on a
microchip to make a computer run, some envision using light instead. Lasers would be a bfg part
that and the to correct wavelength splitting can provide a significant benefit to controlling
information through light. It could also be a major advantage toraséerials such as quantum

dots in this feld.

"It's not impossible that someone could make a defieet laser with quantum dots, but it would

be expensive and timeonsuming. In comparison, coupling is a quicker, more flexible, cost
effective way to correct the problem," said Evan Lafalce,aegteassistant professor of physics and
astronomy at the U and lead author of the study. "This is a trick so that we don't have to make
perfectguantum dot lasers.'[41]

A laser system built on principles of supersymmetry

Ateam of researchers from the University of Central Florida and Michigan Technological University
has developed a laser system concept built on the principles of supersymmetry. In their paper
published in the journabciencethe group repds that their system is meant to solve the problem

of producing more light with a compact laser system. Tsampikos Kottos with Wesleyan University
has written a Perspectiveiece on the work done by the team in the same journal issue.

Kottos points out that there are a lot of physics applications that require use of a compact laser
system that also has higbutput power requirements. To fulfill this need, many physicists have
taken to combining multiple lasers into an array. Unfortunately, this approach suffers from the
production of a lessequality beam. Kottos notes that one way to overcome this problem is to use
selective amplification of a single madéut doing so has itewn drawbacks. In this new effort,
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the researchers have come up with a different appraacime based on the principles
of supersymmetry.

Supersymmetry is a mathased theory that describes the relationghietween bosons

andfermionst it suggests that for every known elementary particle, there has to be a much
heavier "super partner.” To build a new kind of laser system, the researchers used this idea to
create a stable array of semiconductor lasers that together offer the power needed for prospective
applications. More specifically, they designed a system that emphasizes the fundamental mode by
suppressing higheorder modes. They did this by pairing them witkv-quality modes their lossy
superpartners. The idea was for tteray to support them such that they were phaseatched

with the higher order modes.

To test their ideas, the researchers built a systerfifgy creating multiple quantum wells on a tiny
(just 1000 nanometers wide) indium phosphide wafeach of which was just 400 nanometers
apart. They stimulated the structure by firing a 1,064 nanometer waveldagtr at it. Doing so
suppressed the highesrder transverse modes while exhibiting low divergence. They report the
fundamental mode was decoupled from the lossy section and that it was the only one that
experienced gain and that led to single mode lagj40]

Attosecond photoelectron spectroscopy accelerated
Laser physicists have succeeded in reducing the acquisition time for data required for reliable
characterization of multidimensional electron motions by a factor of 1000.

It may sound paradoxicdut capturing the ultrafast motions of subatomic particles is actually very
time-consuming. Experiments designed to track the dynamics of electrons often take weeks.
Mapping the frantic gyrations of elementary particles entails the use of extraordinarily

brief laser pulses, and low sign#b-noise ratios necessitate the accumulation of huge datasets
over long periods.

Now Physicists based at LudwitaximiliansUniversitaet (LMU) in Munich involved in the MEGAS
Projectt aresearch collaboration between Max Planck Institute for Quantum Optics, LMU
Munich and the Fraunhofer Institutes for Applied Optics and Precision Engineering and for Laser
Technology hawe significantly reduced the duration of such experiments. The core element of
their new technique is a novel enhancement resonator. Ultrashort,idfaaired laser

pulses delivered to the cavityt a rate of 18.4 million per second are converted into extreme
ultraviolet attosecond pulse trains, which are ideally suited for experiments in electron dynamics.

"The new laser source generates pulses at rates that are aboutfbld@igher than was

previously feasible in this spectral range, which reduces the measurement times required by the
same factor," as the leader of the project, Dr. loachim Pupeza, explains. "This advance is of
considerable significance for research on condensadter systems.tlalso opens up new
opportunities for the investigation of local electric fields in nanostructures, which are of great
interest for applications in future information processing with lightwav§29]
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Controllable electron flow in quantum wires
Princeta researchers have demonstrated a new way of making controllable "quantum wires" in
the presence of a magnetic field, according to a new study publishigdtire

The researchers detected channels of conducting electrons that form betweegua@um states
on the surface of a bismuth crystal subjected to a high magnetic field. These two states consist of
electrons moving in elliptical orbits with different orientations.

To the team's surprise, they found thidde current flow in these channels can be turned on and off,
making these channels a new type of controllable quantum wire.

"These channels are remarkable because they spontaneously form at the boundaries between
different quantum states in which electrsrcollectively align their elliptical orbits," said Ali Yazdani,
the Class of 1909 Professor of Physics and director of the Princeton Center for Complex Materials,
who headed the research. "It is exciting to see how the interaction between electrons in the
channels strongly dictates whether or not they can conduct.”

The researchers used a scanning tunneling microscapeevice capable of imaging individual
atoms and mapping the motion of electrons on a material's surfacevisualize electron behaviors
on the surface of a crystal made of pure bismuth.

Scanning tunneling microscope image showing a boundary between regions with different electron
orbit orientations. Credit: the Ali Yazdani research group at Princeton University

With thisinstrument, the team directly imaged the electrons' motions in the presence of a
magnetic field thousands of times larger that of a refrigerator magnet. The application of the large
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magnetic field forces electrons to movedliptical orbits, instead of the more typical flow of
electrons parallel to the direction of an electric field.

The team found that the conducting channels form at the boundary, which they call a-valley
polarized domain wall, beteen two regions on the crystal where the electron orbits switch
orientations abruptly.

Mallika Randeria, a graduate student in the Department of Physics, who carried out the
experiments, said: "We find that there are ti@ane and foudane channels in wbh the electrons

can flow, depending on the precise value of the magnetic field." She and her colleagues observed
that when electrons are tuned to move in a fdane channel, they get stuck, but they can flow
unimpeded when they are confined to only a thame channel.

In trying to understand this behavior, the researchers uncovered new rules by which the laws of
guantum mechanics dictate repulsion between electrons in these mnéinnel quantum wires.
Whilethe larger number of lanes would seem to suggest better conductivity, the repulsion
between electrons counteintuitively causes them to switch lanes, change direction, and get stuck,
resulting in insulating behavior. With fewer channels, electrons haweption to change lanes and
must transmit electrical current even if they have to move "through" each atlEequantum
phenomenon only possible in such edinensional channels.

Similar protected conduction occurs along the boundaries afaled topologial states of matter,

which were the subject of the 2016 Nobel Prize awarded to Princeton's F. Duncan Haldane, the
Sherman Fairchild University Professor of PhysicsthBueetical explanation for the new finding

builds on earlier work carried out by two members of the team, Siddharth Parameswaran, who was
then a graduate student at Princeton and is now an associate professor of physics at Oxford
University, and Princeton's Shivaji Sondhi, pset@ of physics, and collaborators.

"Although some of the theoretical ideas we used have been around for a while, it's still a challenge
to see how they fit together to explain an actual experiment, and a real thrill when that happens,"
Parameswaran saitlThis is a perfect example of how experiment and theory work in tandem:
Without the new experimental data we would never have revisited our theory, and without the
new theory it would have been difficult to understand the experimeni3S]

When cold atoms meet nano: A wired quantum node

Physicists at the Kastler Brossel Laboratory in Paris have reached a milestone in the combination of
cold atoms and nanophotonics. Using fitaetdressable atoms, they have created the first wired

atomic entangled stat¢éhat can be stored and later read out as a guided single photon.

The integration of coldtoms with nanoscopic waveguides has raised a lot of interest in recent
years, giving birth to a booming research fietebwn aswaveguide guantum electrodynamics.
Such integrated platforms hold the promises of better scalability and figures of merit than free
space implementations, which will eventyaléad to orchip technologies for a

future guantum internet. This combination could be a new frontier for atqimoton physics. So
far, the experimental progress has been limited due to the very challengimbination of these
two worlds.
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In the journalNature, Professor 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 waveguida this configuration, they were able to generate and store a 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 fibehich the diameter

has been locally reduced to 400 nanometers. 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 at@mo be trapped around 200 nm from the nanofiber surface. "This is

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 delvalop

few years ago, but pushing the system to make a quantum device was a strong challenge."

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 thgurface and addressed via the
JdZARSR fAIKId ¢KSaAKMoeFAOSNBR Fid2Yaé¢ 2FFSNI Iy

Initially, all the trapped 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 thecreation of a single collective excitation shared among the whole 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 exaitatito a fiberedsingle

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 emergimgveguideQED field as this capability brings
it into the quantum regime," says Neil Corzo, a Marie Curie postdoctoral fellow and the lead author
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of the study. "Our device can find applications for quantum networks as our experiment now offers
a wired quatum node. Also, our demonstration opens an avenue for new studies towards
guantum nonlinear optics and quantum mahgdy physics in this ordimensional system."

This demonstration follows other works thifurat's group has done in recent years, including the
first demonstration oftopped light in an optical fiber or the realization ofecord-breaking
efficient guantum memory for secure storagg37]

Breaching the horizons: Universal spreading laws confirmed

The universal laws governing tdgnamics of interacting quantum particles are yet to be fully
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, Southw€orea) h
proposed to use an innovative toolbox that enables them to 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 cahfitra cloud of quantum

particles continues to spread even when 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 d@hysical Reviebetters

The work deals with two of the most fundamental phenomena 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@rase. When such quantum
particles, i.e. waves fail to propagate 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 mechanics, interact when approaching each other.
The presence of interaction, at least initially, destroys localization in a cloyebofum particles,

and allows the cloud to escape and smear out, though very 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, leadinthtoloss of the phase information. As

time goes on the cloud spreads and thins out.

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. Exearts with Bose

Einstein condensates of ultracold Potassium atoms 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 gartational physics was already in a unique

situation to be way superior to experiments!
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Wave packet density profiles of a zero (orange, respecting Anderson localization) anéraon
(blue, disrespecting Anderson localization) nonlinearity. The simulétites reach 2*10"12.
Credit: IBS

The team of IBS researchers, 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 maiohallenge is the slow pace of the process: one has to simulate the
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 simultape@vslop

a new approach to fast simulations of computationally hard physical models.

The research team observed subdiffusiveuds spreading up to the record timescales
investigated. The key to the successswiae usage of soalled Discrete Time Quantum Walks
theoretical and experimental platforms faguantum computations. Their unique feature is that
time doesn't flow continuously, but increments abruptly, beéogione of the main speedup
factors. Several additional technical 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 thedam pose complicated new questions on the understanding of the interplay of
interaction and disorder. IBBCS researchers continue to work on different aspects of the problem,
using tools including Discrete Time Quantum Walks. "We are currently emplbgirsgine

technique to crack several other loisganding problems that require novel computational
approaches and powers", says lhor Vakulchik.D. student of the research team. The proposed
toolbox opens seemingly limitless possibilities for the noved fiélQuantum Modeling and
optimization of computer models in physi¢36]
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