Einstein z De Haas Eféct

More than 100, years ago, Albert Einstein and, Wander . Johannhes de Haas discovered that when
they usedasmagnetic fieldto flip.the magnetic:state of aniron bar damgfrom a thread, the
bar began/to rotate[36]

Researchers at the/Max Born:institute: have now: generated directed.currents-at terahertz (THz)
frequencies; much higher,than the cloctes of current-electronics. [35]

Researchers at FriedrictlexanderUniversitat ErlangenNirnberg (FAU) have developed a
simple yet-accurate:method for finding-defects:in-thedatest generation of silicon carbide
transistors. [34]

In 2017, /University, of 'Utah physicist:Valy. Vardenyled perovskite a 'miracle:material’ for.an
emerging field of nexgeneration electronics; called spintronics;, and he's;standing by that
assertion./[33]

Scientists at/ Tokyo Institute /of Technology: proposed. new qudaB materials for;potential
spintronic applications, @ upcoming:technology 'that exploits:the spin of electrons: [32]

Theydor this by using-"excitons;electrically: neutral.quasiparticles that exist in insulators,
semiconductors;and in.some;liquid81]

Researchersat ETH Zurich:have now developed-a:method that makes:it possible to couple such a
spin qubit strongly:to-microwave photon§30]

Quantum:dots that-emit entangled /photon pairs: on.demand could be /used in quantum
communication networks[29]

Researchers successfully integrated the systentinor atoms and,quantum/ dots.’ [28]

A team of researchers including U of A .engineering and:physics faculty has developed a new
method of detecting single/photans; or light particles, using: quantum:di@g)

Recent research from :Kumamoto University/in-Japan has revealed that polyoxometalates
(POMSs), typically:used for catalysis; electrochemistry, and:photochemistigy also be used in a
technique /for.analyzing, quantum dot (QD) photoluminescence (PL)-emissiommechar[@éjs.

Researchers have designed emtype of laser called a quantum dot ring:-laser that;emits
red, orange;:and greenlight. [25]



The world of nanosensors may be physlgamall, but the demand is large and growing,
with little sign of slowing. [24]

In a joint research project, scientists from the Max Born Institute for

Nonlinear Optics and Short Pulse Spectroscopy (MBI), the Technldoheersitat Berlin
(TU) and the University of Rostock have managed for the first time to image free
nanoparticles in a laboratory experiment using a highintensity laser source. [23]

For the first time, researchers have built a nanolaser that uses orgyngle molecular
layer, placed on a thin silicon beam, which operates at room temperature. [22]

A team of engineers at Caltech has discovered how to use comghiprmanufacturing
technologies to create the kind of reflective materials that make safedgts, running
shoes, and road signs appear shiny in the dark. [21]

In the September 23th issue of the Physical Review Letters, Prof. Julien Laurat and his
team at Pierre and Marie Curie University in Paris (Laboratoire Kastler Bro44¢B)
report that they have realized an efficient mirror consisting of only 2000 atoms. [20]

Physicists at MIT have now cooled a gas of potassium atoms to several nanoke|uisis

a hair above absolute zero and trapped the atoms within a twalimensional sheet of

an optical lattice created by crisscrossing lasers. Using a higBolution microscope, the
researchers took images of the cooled atoms residing in the lattice. [19]
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to a record low. [18]
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rotate like an electron around a magnetic field. [17]

Physidgsts from Trinity College Dublin's School of Physics and the CRANN Institute,

Trinity College, have discovered a new form of light, which will impact our
understanding of the fundamental nature of light. [16]

Light from an optical fiber illuminates the measurface, is scattered in four different
directions, and the intensities are measured by the four detectors. From this
measurement the state of polarization of light is detected. [15] Converting a single
photon from one color, or frequency, to anotheras essential tool in quantum
communication, which harnesses the subtle correlations between the subatomic
properties of photons (particles of light) to securely store and transmit information.
Scientists at the National Institute of Standards and TechnoldIST) have now
developed a miniaturized version of a frequency converter, using technology similar to
that used to make computer chips. [14]

Harnessing the power of the sun and creating ligharvesting or lightsensing devices
requires a material thatboth absorbs light efficiently and converts the energy to highly
mobile electrical current. Finding the ideal mix of properties in a single material is a



challenge, so scientists have been experimenting with ways to combine different
materials to create hybrids" with enhanced features. [13]

Condensednatter physicists often turn to particldike entities called quasiparticles

such as excitons, plasmons, magmrie explain complex phenomena. Now Gil Refael

from the California Institute of Technology in Badena and colleagues report the
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half-matter quasiparticle that has special topological properties and might be used in

devices to transport light in one direction1P]

Solitons are localized wave disturbances that propagate without changing shape, a
result of a nonlinear interaction that compensates for wave packet dispersion. Individual
solitons may collide, but a defining feature is that they pass through one laaoand
emerge from the collision unaltered in shape, amplitude, or velocity, but with a new
trajectory reflecting a discontinuous jump.

Working with colleagues at the HarvardWIT Center for Ultracold Atoms, a group led by
Harvard Professor of Physics Mi&il Lukin and MIT Professor of Physics Vladan Vuletic
have managed to coax photons into binding together to form molecglesstate of

matter that, until recently, had been purely theoretical. The work is described in a
September 25 paper in Nature.

Newideas for interactions and particles: This paper examines the possibility to origin the
Spontaneously Broken Symmetries from the Planck Distribution Law. This way we get a
Unification of the Strong, Electromagnetic, and Weak Interactions from the intezfeze
occurrences of oscillators. Understanding that the relativistic mass change is the result
of the magnetic induction we arrive to the conclusion that the Gravitational Force is also
based on the electromagnetic forces, getting a Unified Relativistiar@um Theory of all

4 Interactions.

SPINNING SEA Of SKALEIS ... ..eeiiiiiiie e e e e e e e s e e e e e e s e s snereeeeeaaeesannnnnenees 5
TWIST AN SNOUL. ...ttt sttt e e be e e sttt e ea b e e e bt e e sabe e e snteesneeanas 6
SCraping the SUIMACE ... ...oiii ittt e e st e e e s rabe e e e e e anee e e e ennees 7
Pattern QISCOVEIEA.........oiiiiiiitiie ettt sttt s bt e eab e s be e e st e e e anbeesneeeaas 10
IS o111 1 o PSR 11
[T ()Y (] (=1 T TP 11
TWO SPINTIONIC HEVICES ....vveieiiiiiie e ettt e sttt e sttt e e e st e e e s sttt e e e e nnteeeessnsteeeesnsteeeeanssaeeeesnnenaeanns 12
QUDILS WIth CRAIGE OF SPIN .. ..eeiiii et e et e e s e enb e e e e e eabb e e e e enbeeeeeannees 15
Three spins for StroNGEr COUPIING ......uviiiiriiie et e e e e e e e e snee e e e essaaeeeesnneeeeanns 15

Charge displacement through tuNNelliNg ..........coooiiiiiiiiii e 15



SPIN tri0S fOr @ QUANTUM BUS.....oooi i e e r e e e e e e neneaees 16

Liquid LIght WIth @ WL .....eeeiiee ettt e e e e e e e e e e e e e ennnnrreneeeeeeean 29
Physicists discover a new form of IGNT..........ceuiiiiiiie e 30
Novel metasurface revolutionizes ubiquitous scientific t0O0l ..o 32
New nanodevice shifts light's color at single-photon leVel............oociiiie e 33
Quantum dots enhance light-to-current conversion in layered semiconductors .........ccccccceeeeuvvvneen. 34
Quasiparticles dubbed topological polaritons make their debut in the theoretical world ................. 36
‘Matter waves' move through one another but never share space..........cccccceveeevvvcciiieeeee e, 36
PROTONIC MOIBCUIES ...t e e e e e ab e e e e e eabr e e e e sabneeeeane 37
The ElectromagnetiC INTErACHION ...........eiiiiiiiii et e e st e e e s snbeeeaeenes 38
Asymmetry in the interference occurrences Of OSCIllatorS ...........covcvviiiiiee e 38
Spontaneously broken symmetry in the Planck distribution law............cccccevvee i, 39
The Structure Of the PrOtON..........eiii e et e e e e e e eneeeeeeans 41
LIRS (o o TN 1 (= =Tt 1o o TSR 42

Confinement and ASYMPLOtIC FrEEUOM ........coi i e e e e e e e e e neaenees 42
R LS =T LT 1 =T = Ued o o PSSR SSR 42
The General Weak INTEIaCHON .........o.uiiiiiiiee e e s eaereeeeeaes 43
FErmioNS @nd BOSONS .......ccuuiiiiiiiiei ettt ettt e sttt e e e et e e e e s mta e e e e snste e e e anteeeeeannaeeeesnneeeeeanns 44
I LS (=T 10T TSR] oo SRR 44
The source of the Maxwell EQUALIONS ............uiiiiii i e e e e e e e e 45
The SPECIAI REIALIVITY ... ..eeieiieiiii ettt bt sa e b e s be e e snaeeennneeans 46
The Heisenberg Uncertainty PriNCIPIE ..........ooiiiiiiiiiii e 46
The GravitatioNal fOICE ... ...ii ettt e st e e e s abe e e e s enbeeeeeaaes 46
I ST - /1 (o ) o SRR 47
WAL IS ThE SPINT ..ottt et a e bb e e s bt e sab e e e ebe e e ebe e e sab e e e anbeesnneeas 47
The Casimir €ffECT ... ... ettt et e e s b e e e e e nbe e e e s anbeeeaeaans a7
The FiNe SrUCTUIE CONSTANT .......viiiie ittt e e e e st e e s snn e e s anreeeeaaes 48

Path integral formulation of QuUantum MECRNANICS..........cc.uuiiiiiie i 49



(@] [0 1517 o] 1 1 49

(R L] (ST (=T (o1 =TT 50

Author: George Rajna

Einstein zde Haas effect offers new insight into a puzzling magnetic

phenomenon

More than 100 years ago, Albert Einstein and Wander Johannes de Haas discovered that when they used a
magnetic field to flip the magnetic state of an iron bar dargyfrom a thread, the bar began to rotate.

Now experiments at the Department of Energy's SLAC National Accelerator Laboratory have seen for the
first time what happens whemagnetic materials are cemagnetized at ultrafast speeds of millionths of a
billionth of a second: The atoms on the surface of the material move, much like the iron bar did. The work,
done at SLAC's Linac Coherent Light Source (L€ySpXer, was published Matureearlier this month.

Christian Dornes, a scientist at ETH Zurich in Switzerland and one of the lead authors of the report, says this
experiment shows how ultrafast demagnetization goes hand in hand with what's known as the Hilestein
Haas effect, solving a longstandg mystery in the field.

"l learned about these phenomena in my classes, but to actually see firsthand that the trarsheuddr
momentum actually makes something move mechanically is really'tDBolnes says. "Being able to work

on the atomic scale like this and see relatively directly what happens would have been a total dream for the
great physicists of a hundred years ago."

Spinning sea of skaters

At the atomic scale, a material owes its matjgma to its electrons. In strong magnets, the magnetism
comes from a quantum property of electrons called spin. Although electron spin does not involve a literal
rotation of the electron, the electron acts in some ways like a tiny spinning ball of chéllrgs most of the
spins point in the same direction, like a sea of ice skaters pirouetting in unison, the material becomes
magnetic.


https://phys.org/tags/magnetic+materials/
https://phys.org/tags/angular+momentum/
https://phys.org/tags/angular+momentum/

Researchers from ETH Zurich in Switzerland used LCLS to show a link between ultrafast demagnetization
and an effect that Einstein helped discover 10@rgeago. Credit: Dawn Harmer/SLAC National Accelerator
Laboratoy

When the magnetization of the material is reversed with an extemmadinetic field, the synchronized

dance of the skaters turns into a hectic frenzy, with dancers spinning in every direction. Their net angular
momentum, which is a measure of their rotational motion, falls to zero as their spins cancel each other out.
Since the materiad' angular momentum must be conserved, it's converted into mechanical rotation, as the
Einsteinde Haas experiment demonstrated.

Twist and shout

In 1996, researchers discovered that zapping a magnetic material with an intensefastdaser pulse
demagneizes it nearly instantaneously, on a femtosecond time scale. It has been a challenge to understand
what happens to angular momentum when this occurs.

In this paper, the researchers used a new technique at LCLS combined with measurements done at ETH
Zurichto link these two phenomena. They demonstrated that when a laser pulse initiates ultrafast
demagnetization in a thin iron film, the change in angular momentum is quickly converted into an initial
kick that leads to mechanical rotation of the atoms on seface of the sample.

According to Dornes, one important takeaway from this experiment is that even though the effect is only
apparent on the surface, it happens throughout the whole sample. As angular momentum is transferred
through the material, the atms in the bulk of the material try to twist but cancel each other out. It's as if a
crowd of people packed onto a train all tried to turn at the same time. Just as only the people on the fringe
would have the freedom to move, only the atoms at the surfatthe material are able to rotate.


https://phys.org/tags/magnetic+field/
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2019/1-einsteindeha.jpg
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demagnetizetj then grazed the sample withdys, using the patterns formed when theags scattered to
uncover details of the proces¥more

Scraping the surface

In their expeiment, the researchers blasted the iron film with laser pulses to initiate ultrafast
demagnetization, then grazed it with intenseays at an angle so shallow that it was nearly parallel to the
surface. They used the patterns formed when thi)s scattred off the film to learn more about where
angular momentum goes during this process.

"Due to the shallow angle of therdys, our experiment was incredibly sensitive to movements along the
surface of the material," says Sanghoon Song, one of three Slelh@ists who were involved with the
research. "This was key to seeing the mechanical motion."

To follow up on these results, the researchers will do further experiments at LCLS with more complicated
samples to find out more precisely how quickly and diyethe angular momentum escapes into the
structure. What they learn will lead to better models of ultrafast demagnetization, which could help in the
development of optically controlled devices for data storage.

Steven Johnson, a scientist and professde Bitl Zurich and the Paul Scherrer Institute in Switzerland who
coled the study, says the group's expertise in areas outside of magnetism allowed them to approach the
problem from a different angle, better positioning them for success.


https://phys.org/news/2019-01-einsteinde-haas-effect-insight-puzzling.html
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/2019/einsteindeha.gif

"There have been nuarous previous attempts by other groups to understand this, but they failed because
they didn't optimize their experiments to look for these tiny effects,” Johnson says. "They were swamped
by other much larger effects, such as atomic movement due to lesatr Our experiment was much more
sensitive to the kind of motion that results from the angul@mentum transfer."[36]

5000 times faster than a computer 2 interatomic light rectifier

generates directed electric currents

The absorption of light inemiconductor crystals without inversion symmetry can generate electric
currents. Researchers at the Max Born Institute have now generated directed currents at terahertz (THz)
frequencies, much higher than the clock rates of current electronics. Theytblabwlectronic charge

transfer between neighboring atoms in the crystal lattice represents the underlying mechanism.

Solar cells convert the energy of light into an electric direct current (DC) which is fed into an electric supply
grid. Key steps are theeparation of charges after light absorption and their transport to the contacts of the
device. Theslectric currents are carried by negative (electrons) and positive charge carriers (holes)
performing so called intraband motions in various electronic bands of the semiconductor. From a physics
point of view, the following questions are essential: what is the smallest unit in a crystal which can provide
a photainduced direct current (DC)? Up to whitlaximum frequency can one generate such currents?
Which mechanisms at the atomic scale are responsible for such charge transport?

The smallest unit of a crystal is the-called unit cell, a welliefined arrangement of atoms determined by
chemical bonds.He unit cell of the prototype semiconductor GaAs is shown in Figure 1a and represents an
arrangement of Ga and As atoms without a center of inversion. ligithend state of the crystal

represented by theslectronic valence band, thealence electrons are concentrated on the bonds

between the Ga and the As atoms (Figure 1b). Upon absorption ofimeared or visible light, an electron

is promoted fom the valence band to the next higher band, the conduction band. In the new state, the
electron charge is shifted towards the Ga atoms (Figure 1b). This charge transfer corresponds to a local
electric current, the interband or shift current, which is iamentally different from the electron motions

in intraband currents. Until recently, there has been a controversial debate among theoreticians whether
the experimentally observed photimduced currents are due to intraband or interband motions.



https://phys.org/tags/momentum/
https://phys.org/tags/electric+currents/
https://phys.org/tags/ground+state/
https://phys.org/tags/valence+electrons/
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Fig. 2:The experimental concept is shown in the top. A short pulse in thein&ared or visible spectral
range is sent onto a thin GaAs layer. The electric field of the emitted THz radiation is measured as a function
of time (1 ps =Xmore

Researchers at the Max Born Institute in Berlin, Germany, have investigated optically induced shif curren

in the semiconductor gallium arsenide (GaAs) for the first time on ultrafast time scales down to 50
femtoseconds (1 fs = #0seconds). They report their results in the current issue of the jolRrhgsical

Review Letter421, 266602 (2018) . Usinghilt a K2 NIz Ay Sy asS f A3IK{G Lz asSa ¥
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thus, emitterahertz radiation with a bandwidth up to 20 THz (Figure 2). The properties of these currents

and the underlying electron motions are fully reflected in the emitted THz waves which are detected in
amplitude and phase. The THz radiation shows that the ultraghwrént bursts of rectified light contain

frequencies which are 5000 times higher than the highest clock rate of modern computer technology.

The properties of the observed shift currents definitely exclude @raliand motion of electrons or holes.

In contrast, model calculations based on the interband transfer of electrons in a ppeteiatial band

structure reproduce the experimental results and show that a-sgace transfer of electrons over the

distance orthe order of a bond length represents the key mechanism. This process is operative within each
unit cell of the crystal, i.e., on a suanometer length scale, and causes the rectification of the optical field.
The effect can be exploited at even higherjuencies, offering novel interesting applications in high
frequency electronicg35]
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Saving energy by taking a close look inside transistors

Researchers at FriedriglexanderUniversitat Erlangeiirnberg (FAU) have developed a simple yet
accurate mghod for finding defects in the latest generation of silicon carbide transistors. This will speed up
the process of developing more energfficient transistors in future. They have now published their

findings inCommunications Physics

Boosting the effiency of powetlectronic devices is one way to save energy in our highly technological
world. It is these components that feed power from photovoltaic or wind power stations into the grid. At
the same time, however, these components should ideally use as little electricity as possible. Otherwise,
excess hear results, and additional complex cooling systems are required, wasting energy as a result.

This is where components made of silicon, the staddsmiconductor material, reach their limits on the
basis of their intrinsic material properties. There is, however, a much more suitable alternative: silicon
carbide, or SiC for short, a compound made of silicon and carbon. It withstands high voltadsseven at
high temperatures, is chemically robust and is able to work at high switching frequencies, which enables
even better energy efficiency. SiC components have been used very successfully for several years now.

Power electronic switches made gificon carbide, known as fieleeffect transistors, or MOSFETS for short,
work on the basis of the interface between the SiC and a very thin layer of silicon oxide that is deposited or
grown on it. Thisriterface, however, poses a significant challenge for researchers: During fabrication,
undesired defects are created at the interface that trap charge carriers and reduce the electrical current in
the device. Research into these defects is therefore of parmt importance if we are to make full use of

the potential offered by the material.

Pattern discovered

Conventional measurement techniques, which have usually been developedilizittn MOSFET devices in
mind, simply ignore the existence of such defects. While there are other measurement techniques
available, they are more complex and tiroensuming, and are either unsuitable for use on a large scale or
are simply not suitable for use on finished componeBis.researchers at the Chair of Applied Physics at
FAU sought new, improved methods for investigating interface defeaisl they were successful.

They noticed that the interface defects always follow the same pattern. "We translated this pattern into
amathematical formula," explains doctoral candidate Martin Hauck. "Using the formula gives us a clever
way of taking interface defects into account in our calculations. This doesn't only give ysaasg values

for typical device parameters like electron mobility or threshold voltage, it also lets us determine the
distribution and density oihterface defects almost on the side.”

In experiments condtted using transistors specially designed for the purpose by the researchers' industrial
partners Infineon Technologies Austria AG and its subsidiary Kompetenzzentrum fiir Aut@mobil
Industrie-Elektronik GmbH, the method also proved to be highly accufiatking a close look at the inner

core of thefield-effect transistors allows for improved and shorter innovation cycles. Using this method,
processes aimed at reducing defects can be evathateurately, quickly and simply, and work at

developing new, more eneregaving power electronics can be accelerated accordifi2sy.
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Spintronics 'miracle material' put to the test

When German mineralogist Gustav Rose stood on the slopes of Russiddoundains in 1839 and picked

up a piece of a previously undiscovered mineral, he had never heard of transistors or diodes or had any
concept of how conventional electronics would become an integral part of our daily lives. He couldn't have
anticipated that the rock he held in his hand, which he named "perovskite," could be a key to
revolutionizing electronics as we know them.

In 2017, University of Utah physicist Valy Vardeny called perovskite a "miracle material” for an emerging
field of nextgenerationelectronics, called spintronics, and he's standing by that assertion. In a paper
published today ilNature Communicationd/ardeny, along with Jingying Wang, Dali Sun (now at North
Carolina State University) and colleagues present two devices built esiogsgite to demonstrate the
material's potential irspintronic systems. Its properties, Vardeny says, bring the dream of a spintronic
transistor one step closer to reality.

Spintronics

A conventional digital electronic system conveys a binary signal (think 1s and 0s) through pulses of electrons
carried through a conductive wire. Spintronics can convey additional information via another characteristic
of electrons, their spin direction (thk up or down). Spin is related to magnetism. So spintronics uses
magnetism to align electrons of a certain spin, or "inject” spin into a system.

If you've ever done the old science experiment of turning a nail into a magnet by repeatedly dragging a
magnetalong its length, then you've already dabbled in spintronics. The magnet transfers information to
the nail. The trick is then transporting and manipulating that information, which requires devices
andmaterials with finely tuned properties. Researchers are working toward the milestone of a spin
transistor, a spintronics version of the electronic components found in practically all modern electronics.
Such aevice requires aemiconductor material in which a magnetic field can easily manipulate the
direction of electrons' spin a property called spiorbit coupling. It's not easy to build such ansistor,

Wang says. "We keep searching for new materials to see if they're more suitable for this purpose."

Here's where perovskites come into play.

Perovskites

Perovskites are a class of mineral with a particular atomic structure. Their value as dagataionaterial

has only became apparent in the past 10 years. Because of that atomic structure, researchers have been
developing perovskite into a material for making solar panels. By 2018 they'd achieved an efficiency of up
to 23 percent ofolar energy converted to electrical energya big step up from 3.8 percent in 2009.

In the meantime, Vardeny and his colleagues were exploring the possibilities of spintronics and the various
materials that could pree effective in transmitting spin. Because of heavy lead atoms in perovskite,
physicists predicted that the mineral may possess strongafliit coupling. In 2017 paper, Vardeny and
physts assistant professor Sarah Li showed that a class of perovskites called-m@yayainic hybrid

perovskites do indeed possess large spibit coupling. Also, the lifetime of spin injected into the hybrid
materials lasted a relatively long time. Bottsudts suggested that this kind of hybrid perovskite held

promise as a spintronics material.
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Two spintronic devices

The next step, which Vardeny and Wang accomplished in their recent work, was to incorporate hybrid
perovskite into spintronic devices. Thesfidevice is a spintronic ligletmitting diode, or LED. The
semiconductor in a traditional LED contains electrons and hghsces in atoms where electrons should
be, but aren't. When electrons flow through the diode, they fill the holes and emit light.

Wang says that a spintronic LED works much the same way, but with a magnetic electrode, and with
electron holes polarized to accommodate electrons of a certain Spie. LED lit up with circularly polarized
electroluminescence, Wang says, showing thatritegnetic electrode successfully transferred spin
polarized electrons into the material.

"It's not selfevident that if you put a semiconductor and a ferromagnet together you get a spin injection,"”
Vardeny adds. "You have to prove it. And they proved it."

The second device is a spin valve. Similar devices already exist and are used in devices such as computer
hard drives. In a spin valve, an extermalgnetic field flips the polarity of magnetic materiais the valve
between an open, lowesistance state and a closed, higisistance state.

Wang and Vardeny's spin valve does more. With hybrid perovskite as the device material, the researchers
can inject spin into the device and then cause the spin togagcor wobble, within the device using
magnetic manipulation.

That's a big deal, the researchers say. "You can develop spintronics that are not only useful for recording
information and data storage, but also calculation,” Wang says. "That was angodidbr the people who
started the field of spintronics, and that's what we are still working on."

Taken together, these experiments show that perovskite works as a spintronic semiconductor. The ultimate
goal of a spirbased transistor is still severakgis away, but this study lays important groundwork for the
path ahead.

"What we've done is to prove that what people thought was possible pétiovskite actually happens,”
Vardeny says. "That's a big stef33]

Electronics of the future: A new energy -efficient mechanism using the

Rashba effect

Scientists at Tokyo Institute of Technology proposed new efitBsmaterials for potential spintronic
applications, an upcoming technology that exploits the spielectrons.They performed simulations to
demonstrate the spin properties of these materials and explained the mechanisms behind their behavior.

Conventional electronics is based on the movement of electrons and mainly concerredebgic charge.
However, modern electronics are close to reaching the physical limits for continuing improvements. But
electrons bear another intrinsic quantuphysical property called "spin," which can be interpretedagpe

of angular momentum and can be either "up"” or "down." While conventional electronic devices do not
relate to electron spin, spintronics is a field in which the spin of the conducting electrons is crucial. Serious
improvements in performance and neapplications can be attained through spin currents.


https://phys.org/tags/magnetic+field/
https://phys.org/tags/perovskite/
https://phys.org/tags/electric+charge/

Researchers are still trying to find convenient ways of generating spin currents via material structures that
possess electrons with desirable spin properties. The RaBiiblakov effect (or simply Rashéfect),

which involves breaking the symmetry of spip and spirdown electrons, could potentially be exploited

for this purpose. Associate Professor Yoshihiro Gohda from Tokyo Institute of Technology and his colleague
have proposed a new mechanism to gesite a spin current withoutnergy loss from a series of

simulations for new bismutladsorbed indiurrbased quasi-D materials that exhibit a giant Rashleffect.

"Our mechanism is suitable fepintronic applications, having the advantage that it does not require
anexternal magnetic field to gererate nondissipative spin current,” explains Gohda. This advantage would
simplify potential spintronic devices and would allow for further miniaturization.

The researchers conducted simulations based on these materials to demonstrate that their Rasttba effe
can be large and only requires applying a certain voltage to gengpaiecurrents. By comparing the
Rashba properties of multiple variations of these materials, they provided explanations forsbe/et
differences in the materials' spin properties and a guide for further materials exploration.

This type of research is very important as radically new technologies are required if we intend to further
improve electronic devices and go beyond theirrent physical limits. "Our study should be important for
energyefficient spintronic applications and stimulating further exploration of differeit Rashba

systems," concludes Gohda. From faster memories to quantum computers, the benefits of better
understanding and exploiting Rashba systems will certainly have enormous implicg@®hs.

Physicists practice 'spin control' to improve information processing

Currently, informatiorprocessing tools like computers and cell phones rely on electiange to operate.

A team of UC San Diego physicists, however, seeks alternative systems of faster, more#icergy

signal processing. They do this by using "excitons," electrically neutral quasiparticles that exist in insulators,
semiconductors anih some liquids. And their latest study of excitonic spin dynamics shows functional
promise for our future devices.

In their research, Professor Leonid Buemd recent physics Ph.D. graduate Jason Leonard, applied indirect
excitons (1Xg) specially designed quasiparticles in a layered semiconductor stracinrBoseEinstein
condensate form. With this condensate of IXs, the scientists discovered that tlspibdherence was
conserved when they traveled over long distance, proving hopeful for more eeéfigient signal

processing in the future. The study's results also presented a way to achieveilgeypin coherence
necessary for efficient and speedy circuits using spin transfer. Their findings were published recently

in Nature Communications

"We measured the exciton phase acquired due to coherent spin precession and observeahigag
coherent spin tansport in IX condensate," explained Butov. "L-caugge spin transport can be explored for
the development of new signal processing based on spins."

Using a specially crafted optical dilution refrigerator set at a very low temperatQre Kelvin or 459.58
below zera Butov and his team transformed the IX gas to a condensate by the frigid temperature to
achieve spin coherence at the range of 10 micrometers, a range conducive to the development of high
functioning devices exploring spin transfer.
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Optical dlution refrigerator for lowtemperature experiments at UC San Diego. Credit: Michelle Fredricks

"We started the project trying to explain a quantum phase shift and ended up with a practical observation
of spin transport,” noted Leonard.

While this experirent demonstrated one of the capabilities of IX spin coherence at cryogenic temperatures,
Butov's previous study showed that IXs can exist in semiconductors attepoperaturet an important
step toward pratical application[31]

A spin trio for strong coupling

To make qubits for quantum computers less susceptible to noise, the spin of an electron or some other
particle is preferentially used. Researchers at ETH Zurich have now developed a methodktsitma
possible to couple such a spin qubit strongly to microwave photons.

Quantum computers useuantum bits or "qubits” to do their calculationsquantum states, that is, of
atoms or electrons that can talan the logical values "0" and "1" at the same time. In order to wire up
many such qubits to make a powerful quantum computer, one needs to couple them to each other over
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distances of millimetres or even several metres. One way of achieving this is biiegphe charge
displacement caused by an electromagnetic wave, which is the working principle of an antenna. Such a
coupling, however, also exposes thebit to disturbances due to unwanted electric fieldshieh severely
limits the quality of the logical qubit operations.

A team of scientists working in several research groups at ETH Zurich, assisted by theoretical physicists at
Sherbrooke University in Canada, have now demonstrated how this problem capbitedvlo do so, they
found a way to couple a microwave photon to a spin qubit in a quantum dot.

Qubits with charge or spin

In guantum dots, electrons are first trapped in semiconductor structures meagujiist a few nanometres

that are cooled to less than one degree above the absolute zero of the temperature scale. The logical values
0 and 1 can now be realized in two different ways. One either defines a qubit in terms of the position of the
electron onthe right or left side of a double quantum dot, or else by the spin of the electron, which can

point up or down.

The first case is called a charge qubit, which couples strongly to electromagnetic waves through the
displacement of electric charge. A spirbguon the other hand, can be visualized as a tiny compass needle
that points up or down. Much like a compass needle, a spin is also magnetic and, therefore, does not couple
to electric but rather to magnetic fields. The coupling of a spin qubit to thgnaidc part of

electromagnetic waves, however, is much weaker than that of a charge qubit to the electric part.

Three spins for stronger coupling

This means that, on the one hand, a spin qubit is less susceptible to noise and keeps its coherence (on which
the action of a quantum computer is based) for a longer period of time. On the other hand, it is

considerably more difficult to couple spin qubits to each other over long distances using photons. The
research group of ETH professor Klaus Ensslin usek é&otrinake such a coupling possible nevertheless, as

the postdoc Jonne Koski explains: "By realising the qubit with not just a single spin, but rather three of

them, we can combine the advantages of a spin qubit with those of a charge qubit."

In practicethis is done by producing three quantum dots on a semiconductor chip that are close to each
other and can be controlled by voltages that are applied through tiny wires. In each of the quantum dots,
electrons with spins pointing up or down can be trapp&dditionally, one of the wires connects the spin

trio to a microwave resonator. The voltages at the quantum dots are now adjusted in order to have a single
electron in each quantum dot, with the spins of two of the electrons pointing in the same directtbthe

third spin pointing in the opposite direction.

Charge displacement through tunnelling

According to the rules of quantum mechanics, the electrons can also tunnel back and forth between the
guantum dots with a certain probability. This means that widhe three electrons can temporarily

happen to be in the same quantum dot, with one quantum dot remaining empty. In this constellation the
electric charge is now unevenly distributed. This charge displacement, in turn, gives rise to an electric dipole
that can couple strongly to the electric field of a microwave photon.

The scientists at ETH were able to clearly detect the strong coupling by measuring the resonance frequency
of the microwave resonator. They observed how the resonance of the resonaitonsptwo because of
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the coupling to the spin trio. From that data they could infer that the coherence of the spin qubit remained
intact for more than 10 nanoseconds.

Spin trios for a quantum bus

The researchers are confident that it will soon be poediblrealize a communication channel for quantum
information between two spin qubits using this technology. "This will require us to put spin trios on either
end of the microwave resonator and to show that the qubits are then coupled to each other thaough
microwave photon", says Andreas Landig, first author of the article and Ph.D. student in Ensslin's group.
This would be an important step towards a network of spatially distributed spin qubits. The researchers also
emphasize that their method is very watile and can straightforwardly be applied to other materials such

as grapheng30]

Synopsis: Quantum Dots Serve Entangled Photons on Demand
Quantum dots that emit entangled photon pairs on demand could be used in quantum communication
networks.

D. Huber and C. Schimpf/Johannes Kepler University

Quantum communication and computing protocols require sources of photons whose quantum states are
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but they cannot emit such photons on demand. Now, Daniel Huber at Johannes Kepler University, Austria,

and colleagues have demonstrated a source oflemand entangled photon pairs based on nanostructures

of semiconducting material known as quam dots.

Stateof-the-art entangled photon sources are based on a process called parametricaowaersion,

which converts an input photon into a pair of entangled photons. Such sources, however, emit entangled
photons at random times. In contrast, quam dots can produce entangled photon pairs on demand. But
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states. A particularly detrimental decoherence mechanism is due to an effect known asrticieire
splitting, which spoils the entanglement by scrambling the relative phase of the two emitted photons.

Huberet al. solved this problem with a piezoelectric device that, by applying strain to a GaAs quantum dot,
modifies the symmetry of the potentigthat confines the electrons and holes within the dot, thereby

erasing the finestructure splitting. In experiments, the team found a level of entanglement between
emitted photons that was 10% higher than the best quanidiob sources previously reported amdimost

on par with that of parametriconversion sources. These new sources, which are encased in micremeter
thin membranes, could easily be incorporated in integrated photonic circuits.

This research is publishedRinysical Review Letters . [29]

Scientists demonstrate coherent coupling between a quantum dot and a

donor atom in silicon

Quantum computers could tackle problems that current supercomputers can't. Quantum computers rely on
guantum bits, or "qubits. Current computers perform millions of calculations, one after the other. Qubit
coupling allows quantum computers to perform them all at the same time. Qubits could store the data that
add up to bank accounts and medical records. In an unusual twistsqepresent data by the binary state

of electron spins. Two systems existed to create qubits. Researchers successfully integrated tha systems
donor atoms and quantum dots. The new qubits don't let the spins, and hence the data, degrade.
Specifically, thdits demonstrate coherent coupling of the electron spins. This hybrid approach, which has
remained elusive until now, exploits the advantages of the two qubit systems.

For almost two decades, scientists have created theoretical proposals of such aduiritionor qubit)
architecture. Now, researchers have made an important step toward the practical realization of silicon
qubits. Silicon matters. Why? It is the samaterial used today in our personal computers. The
manufacturing process for qubits could fit within today's manufacturing and computing technologies.

Qubits form the basis @fuantum computation. Building @ractical quantum computer demands two

important features: the maintenance of coherent quantum states and the assembly of qubits. Coherence
can be thought of as an ideal property of the interacting wavefunctions that describe particles. Silicon is an
appeding qubit material as it provides an environment that minimizes quantum decoherence. Additionally,
there is already infrastructure in place for building silicon devices. However, the second critical
requirement assembling the qubits has proven immenselyhallenging. Donor atoms must be embedded

in silicon in such a way that their interactions can be controlled. Achieving this demands extreme precision.

A collaboration between scientists from Canada, Sandia National Laboratories, and the Center for
Integrated Nanotechnologies has uncovered an alternative to this donor coupling arrangergiising
guantum dots (QDs). In a cornerstone advance, the researchers demonstrated coherent coupling of the
electron from a phosphorus donor atom and an electron of a trexéde semiconductor QD. This approach
is advantageous. It does not require the extreme degree of placement accuracy as donor coupling. The
electronic states of this system are controlled by the nuclear spin of the donor atom, providing a simple
integrated method for interacting with the qubit. Thus, there is no need to use additional micromagnets or
QDs[28]


http://journals.aps.org/prl
https://phys.org/tags/qubit/
https://phys.org/tags/donor/
https://phys.org/tags/quantum/

Quantum dots enable faster, easier photon detection, more secure data
A team of researchers including U oéAgineering and physics faculty has developed a new method of
detecting single photons, or light particles, using quantum dots.

Single photon detection is a key element to enable usguahtum information, a method of
transferringinformation that is much faster and more secure than current methods. This technology has
other applications as well, including biological and medical imaging, spempygsand astronomical
observation.

ShuiQing "Fisher" Yu, associate professor of electrical engineering; Greg Salamo, distinguished professor of
physics; and Yang Zhang, a pdattoral fellow inelectrical engineering at the time, worked with

colleagues from Dartmouth and the University of Wisconsin on this research, which was recently published
by ACS Photonics

Quantum information uses differemfuantum states of particles, such as polarization or phase, to encode
information. Because quantum information is not limited to the ones and zeroes used to encode digital
information, this technology can transfer a large amount of information very securely

Since gquantum information can be transmitted using an infinite variety of quantum states, the sender and
receiver must both agree on which state they are using to encode and interpret the data. An outsider
intercepting the signal would have little wayrefading it without this knowledge.

A photon is a quantum of light. When a photon enters a detector in a quantum information system, its
energy is transferred to an electron and this results in a current or a voltage. This effect is stheongt,
that it is difficult to detect. Other designs fphoton detectors solve this problem by using a device called
an avalanche photodiode to amplify the current or voltage, but this approactstemedd delays to the
detection and increases background noise.

The new approach created and modeled by these researchers uses a quantum dot, which is a
semiconductor nanoscale particle, to detect single photons. Compared to other methods, the change in
voltage caused by a single photon in this detector is large, with a low background noise level.

Yu compared this to adding a drop of water to a container. "If you put one drop of water in a large tank,
that change is hard to see," he said. "But if you pdt@ of water into a very small container, you can see
the change more easily." In the researchers' design, the electron is in a small conttiaeruantum dot.

The researchers have used computer models to demonstrate that their design can glatget
photons more accurately than existing technologi§a7]
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Assessing quantum dot photoemissions

Recent research from Kumamoto University in Japan has revealed that polyoxometalates (POMSs), typically
used for catalysis, electrochemistry, and photochemistry, may also be used in a technique for analyzing
guantum dot (QD) photoluminescence (PL) emission mechanisms.

Quantum dots (QDs) are small, semiconducting nanocrystals or particles typically betveetntén
nanometers in size. Discovered almost 40 years ago, their strong photoluminescent properties are a
function of their size and shape making them useful for optical applications ranging from bioimaligig to
emitting diodes. Advances in highuality QD research in the last ten years has produced highly
luminescent but somewhat unstable QDs that also, unfortunately, use toxic or rare elements. Efforts to
create stable QDs without thesexic or expensive elements has been a driving force in recent research.

To address these issues, researchers have been investigating how to change the size, morphology, and PL of
tin dioxide (Sng) to produce cheap, stable, and nontoxic colloidal semicotmiunanocrystals for various
applications. Interestingly, the optical properties of Sh@ve been found to be effected by defects in both

the bulk material and the QDs themselves.

Researchers from Professor Kida's Chemical Engineering Laboratory at étorbbniversity synthesized

SnQ QDs using a liquid phase method to produce QDs of various morphologies. The sizes of the QDs were
controlled by changing the temperature during synthesis. All of the QDs produced a blue PL when exposed
to UV light (37G)m) and QDs 2 nm in size produced the best intensity. To examine the PL properties and
mechanisms related to defects in the synthesized QDs, the researchers used materials (POMs) that quench
florescence through excited state reactions.

POMs quenched emissis of the Sn@QDs at peak intensities (401, 438, and 464 nm) but, to the surprise
of the researchers, a previously unseen peak at 410 nm was revealed.

"We believe that theemission at 410 nm is caused bybailk defect, which cannot be covered by POMs,

that causes what is known as radiative recombinatidhe spontaneous emission of a photon with a
wavelength related to the released energy,"” said project leader Professor Tetsuya Kida. "This work has
shown thatour technique is effective in analyzing PL emission mechanisms for QDs. We believe it will be
highly beneficial for future QD researci6]

Quantum dot ring lasers emit colored light

Researchers have designed a new type of laser called a quanturimgltaser that emits red, orange, and
green light. The different colors are emitted from different parts of the quantunt detl from the core,
green from the shell, and orange from a combination of lwoimd can be easily switched by controlling the
compdition between light emission from the core and the shell.
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