Light-Induced Motion

A tightly focusedgircularly polarized spatially phasemodulated beam of light formed an optical
ring trap. [33]

Scientists at' Tokyorinstitute of Technology: proposed new uabi materials for potential
spintronic applications, an:upcoming-technady that exploits the spin of electrons: [32]

They do this by using-“excitons;,electrically: neutral.quasiparticles that exist in insulators,
semiconductors:andin.some;liquid81]

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

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

Researchers succdaly integrated the systenws donor 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 /inrdapan has revealed that polyoxometalates
(POMSs), typically:used for.catalysis; electrochemistry, and:photochemistry, may also bénused
technique /for.analyzing,quantum dot (QD) photoluminescence (PL)-emission:mechariéjs.

Researchers have desighed anew:type of laaded a quantum dot ring laser/that emits
red, orange;:and greenight. [25]

The world of nanosensors may be physically small, butdemand 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 Technische Universitat Berlin
(TU) and the University of Rost& 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 only a single molecular
layer, placed on a thin silicon bea which operates at room temperature. [22]

A team of engineers at Caltech has discovered how to use compghiprmanufacturing
technologies to create the kind of reflective materials that make safety vests, running
shoes, and road signs appear shinythe dark. [21]


https://journals.aps.org/pre/abstract/10.1103/PhysRevE.75.020401

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 Brods¢B)
report that they have realized an efficient mirror consisting of lgr2000 atoms. [20]

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

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

an optical lattice created by crisscrossing lasers. Using a kigbolution microscope, the

researchers took images of the cooled atoms residing in the lattice. [19]
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to a record low. [18]

An elliptical light beam in a nonlinearopA A1 1 AAEOI DOIi PAA AU OOxEOOA
rotate like an electron around a magnetic field. [17]

Physicists 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 metasurface, 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 another is an 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 theNational Institute of Standards and Technology (NIST) 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 orlight-sensing devices
requires a material that both 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 widlysvto combine different
materials to create "hybrids" with enhanced features. [13]

Condensednatter physicists often turn to particldike entities called quasiparticles

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

from the California Institute of Technology in Pasadena 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 direction. [12]

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 defing feature is that they pass through one another and
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merge from the collision unaltered in shape, amplitude, or velocity, but with a new

trajectory reflecting a discontinuous jump.

Working with colleagues at the HarvardMIT Center for Ultracold Atoms, group led by
Harvard Professor of Physics Mikhail Lukin and MIT Professor of Physics Vladan Vuletic

h

ave managed to coax photons into binding together to form molecyglesstate of

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

New ideas 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, Electromatetic, and Weak Interactions from the interference
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ccurrences of oscillators. Understanding that the relativistic mass change is the result
f the magnetic induction we arrive to the conclusion that the Gravitational Force is also
ased on the electromaggtic forces, getting a Unified Relativistic Quantum Theory of all
Interactions.
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Reactive optical matter: Light -induced motion

Newton'sthird law dictates that forces between interacting particles are equal and opposite for closed
systems. In a negquilibrium environment, thehird law can be defied, giving rise to "nonreciprocal”
forces. Theoretically, this was shown when dissimdatfically trapped particles were mediated by an
external field. In a recent study, Yuval Yifat and colleagues measured the net nonreciprocal forces in
electrodynamically interacting, asymmetric nanoparticle dimers and nanoparticle aggregates. In the
experiments, the nanoparticle strtures were confined to pseudo orgimensional geometries and
illuminated by plane waves. The observed motion was due to the conservation of total momentum for
particles and fields withroken mirror symmetry (represented by a changed direction of motion). The
results are now published dright: Science & Applicatians

The ability to convertight enerqgy into selfdirected moton with light-driven nanomotors or
micromachines has already attracted great interest. A variety of methods in optics can prothtgaal
motion or give rise tdranslational motion with photoreactive materials. The promise to engineer light
driven nanomotors arose fromecent theoretical work, which predicted that

dissimilarpatrticles illuminated by an electromagnetic plane wave, will experience a nonreciprocal net
force.

The predicted nonreciprocal forces were demonstrated with simulations to vary very little with interparticle
separation. However, straiglttfward experimental evidence on the phenomenon was not presented

thus far. Exploring the reactive optical effects can open new possibilities @fssaimbling, lightiriven
micromachines to hetd a new field in optics and photonics.

To fill the experimental gap, in the present study, Yifat et al. demonstratednsility using optically
bound dimers of disproportionate meta nanoparticles (NPs). The experimental findings were also
supported by quantitative electrodynamic simulations. Aside from dimerssd¢hantists similarly
generated and measured the motion of asymmetrémoparticle clusters or assemblies. To perform the
experiments, Yifat et al. usedséandard optical trapping setup with a Ti:Sapphire laser operating at a
wavelength of 79Gim. A tightly focusedircularly polarized spatially phaseanodulated beam of light
formed an optical ring trap.
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A sdiematic diagram of the experiment: a) Example trajectories for a homodimer (black) and a heterodimer
(color) that are moving in counterclockwise (green) and clockwise (blue) directions. Distribution of
instantaneous angular velocitiéénore

In the study, the motion of a trapped mixture of silver (Ag) nanoparticles with 15200 nm diameter

were measured using daffield microscopy at a high frame rate of 290 fpse Plarticles were tracked, and
GKSANI LINBOAAS LRaAAGAZ2Y dzaSR (G2 OFfOdA 4GS GKS | y3dz
particle imaging and tracking using the mosaic particle tracking toolbox availalieaga J software.

Yifat et al. observed a "heterodimer" of dissimilar particles in which the directed motion of
electrodynamically interacting pairs were toward the larger particle. Conversely, when two particles of the
same size, termed a "homodimer" came into close prayindirected motion was not observed. The

results were in agreement with the forces calculated using the generdlizetheory (GMT). The scientists
did not observe fulbr free rotation in the experimeng, the manifested torque and its effect will be
investigated further in future work.
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Thereafter, Yifat et al. imaged the representative time trajectofiek: (tHe central angle of the pair) for
the heterodimers and homodimers. In the heterodimers, motion of the pair was directed toward the larger
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particle and therefore could move clockwise or counterclockwise, around the ring depending on its
orientation. The scientists repeated the experiments and combined the results. In the combined data with
different heterodimer orientations, positive velocity was defined as the vector from the smaller sample
toward the larger particle.

For instance, the heterodimeeshibited a positive mean angular velocity at an optical binding separation

of 600 £ 150 nm and a negative mean angular velocity when the separation was larger at 900 + 150 nm. In
contrast, the mean angular velocity for a homodimer was zero for all seépagafThe change in mean

velocity and the motion of the heterodimer pair toward the larger, thermally hotter particle was due to the
electromagnetic field and not due to heatducedself-thermophoresis (i.e. local temperature gradient
generated due to laser adsorption by the metalated particles).

Video of the silver (Ag) heterodimer in a ring tamotion in a counterclockwise direction. Credit: Light:
Science & Applications, doi: https://doi.org/10.1038/s413¥18-0105y

The findings agreed with previous publications on the asymmetry of light scatterggtibglly trapped
objects. Thesimulated motion was similarly directed from the small particle to the larger particle. The
scientists observed a separatigiependent imbalance of ayular scattering (where more light was
scattered in one direction than another). The asymmetry ifield scattering created a force on the dimer,
setting it in motion as observed. Similar asymmetric scattering was previously obserydasfoonic
nanoantenna. Yifat et al. used the same experimental approach to study gold (Au) nanostar dimers and
large asymmetric aggregates of gold nanopatrticles.
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Video of gold (Au) nanopatrticle clusters in the ring trap. Credit: Light: Science & Applications, doi:
https://doi.org/10.1038/s4137718-0105y

In this way, the scientists experimentally demonstrated kdtiten motion of heterodimers and

asymmetric scaderers in optical ring traps to quantify net nonreciprocal forces in-dimensional plane
wavefields. Although the experiments were confined to a ring trap in this study, the strategy is transferable
to any optically trapped matter structure that exhibielectromagnetic asymmetry. The optical trapping

used in the study offered solutions to the experimental challenge of generating direciédn at the

nanoscale. Nonreciprocal forces in the study createdsttléemotile particles without the use of chemical
environmentschemical fuels or complex structures.

The dectrodynamic theory and simulations that were simultaneously conducted in the study also showed
that interparticle interactions caused asymmetric scattering in the heterodimers. The work thus
fundamentally followedNoether's theorem (the symmetry of the action of a physical system contains a
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corresponding conservation law). Accordingly, Yuvat et al. rationalize that the observatbsiéty and
the quantified nonreciprocal foes followed from the conservation of total momentum of particles and
fields, for systems with broken symmetry. The scientists envision the use of suetiriigint asymmetric
nanoparticle assemblies as active colloids with artificial chemotactic systachasdgully operational
"nanoswimmers" for research in soft condensed matter and biophyj&8s.

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

Rashba effect

Scientists at Tokyo Institute of Technology proposed new efisBsmaterials for potential spintronic
applications, an upcoming technology that exploits the spin of edestThey 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 concerredeghéic 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 interpreted as a type
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 new applicais can be attained through spin currents.

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

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 generagpan current withoutenergy loss from a series of

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

"Our mechanism is suitable fepintronic applications, having the advantage that it does not require

an external magnetic field to generate nadissipative 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 Rashba effect
can te large and only requires applying a certain voltage to genes@itecurrents. By comparing the

Rashba properties of multiple variations of these materials, they provided explanations for the observed
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 their currentgital 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
understandirg and exploiting Rashba systems will certainly have enormous implicd8@hs.

Physicists practice 'spin control' to improve information processing

Currently, informatiomprocessing tools like computers and cell phones rely on electron chaaetate.

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

signal processing. They do this by using "excitons," electrically neutral quasiparticles that exist in insulators,


https://phys.org/tags/electric+charge/
https://phys.org/tags/energy+loss/
https://phys.org/tags/materials/
https://phys.org/tags/spintronic/
https://phys.org/tags/external+magnetic+field/
https://phys.org/tags/spin+currents/

semiconductors and in somgjliids. And their latest study of excitonic spin dynamics shows functional
promise for our future devices.

In their research, Professor Leonid Butov and recent physics Ph.D. graduate Jason Leonard, applied indirect
excitons (1Xg) specially designed quasipites in a layered semiconductor structarin BoseEinstein

condensate form. With this condensate of IXs, the scientists discovered that the IX3)Ilspiance was

conserved when they traveled over longtdince, proving hopeful for more energfficient signal

processing in the future. The study's results also presented a way to achievetaygspin coherenae

necessary for efficient and speedy circuits using spin transfer. Their findings were puldisbetly

in Nature Communications

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

Using a specially crafted optical dilution refrigerator set at a very low temperatdre Kelvin or 459.50 F
below zera Butov and his team transformed the IX gas to a condensate by the frigid temperature to
achieve pin coherence at the range of 10 micrometers, a range conducive to the development-of high
functioning devices exploring spin transfer.

|

Optical dilution refrigerator for lowtemperature experiments at UC San Diego. Credit: Michelle Fredricks
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"We startedthe project trying to explain a quantum phase shift and ended up with a practical observation
of spin transport,” noted Leonard.

While this experiment demonstrated one of the capabilities of 1X spin coherence at cryogenic temperatures,
Butov's previous sty showed that IXs can exist in semiconductors at remmperaturet an important
step toward practical applicatiofi31]

A spin trio for strong coupling

To make qubits for quantum computers lesssceptible to noise, the spin of an electron or some other
particle is preferentially used. Researchers at ETH Zurich have now developed a method that makes it
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 take on the logical values "0" and "1" at the same time. In order to wire up
many such qubits to make awerful quantum computer, one needs to couple them to each other over
distances of millimetres or even several metres. One way of achieving this is by exploiting the charge
displacement caused by an electromagnetic wave, which is the working principleaofeama. Such a
coupling, however, also exposes thebit to disturbances due to unwanted electric fields, which severely
limits the quality of the logical qubit operations.

A team of scientists working in seaéresearch groups at ETH Zurich, assisted by theoretical physicists at
Sherbrooke University in Canada, have now demonstrated how this problem can be avoided. To 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 measuring just a few nanometres
that are cooled to less than one degree above the absolute zero of the teyperscale. 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 on the 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 spin qubit, on the other hand, can be visualized as a tiny compass needle
that points up or down. Much like @mpass 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 the magnetic part of

electromagnetic waves, however, is much weaker than that of a charge qubit to thee eamtt.

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

consderably more difficult to couple spin qubits to each other over long distances using photons. The

research group of ETH professor Klaus Ensslin uses a trick to make such a coupling possible nevertheless, as
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the postdoc Jonne Koski explains: "By realighmgqubit 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 practice, this is done by producing three qguantum dots on a semiconductor chip that are close to each
other andcan 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 trapped. Additionally, one of the wires connects the spin
trio to a microwave resonator. The voltages at theguum 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 direction and the
third spin pointing in the opposite direction.

Charge displacement through tunnelling

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

happen to be in the same quantum dot, with one quantum dot agmng 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 abtectearly detect the strong coupling by measuring the resonance frequency
of the microwave resonator. They observed how the resonance of the resonator split into two because of
the coupling to the spin trio. From that data they could infer that the coheeesf 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 possible to realize a communication channel for quantum
information between two spin qubits using this techogy. "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 through a
microwave photon", says Andreas Landig, first author of the article and Ph.D. student in Ensslm's g

This would be an important step towards a network of spatially distributed spin qubits. The researchers also
emphasize that their method is very versatile and can straightforwardly be applied to other materials such
as graphen€30]

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 peozbls 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 Wniversita,

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

of semiconducting material known as quantum dots.

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

which converts an input photon into a pair of entangled photons. Such sources, however, emit entangled
photons at random times. In contrast, quantum dots can produce entangled photon pairs on demand. But
usually the pairs they produce at@rii LISNF SOGt e Sydly3aft SR 6S0OFdzasS 2F R
states. A particularly detrimental decoherence mechanism is due to an effect known atrfiotire

splitting, which spoils the entanglement by scrambling the relative phase of the twitedrphotons.

Huberet al. solved this problem with a piezoelectric device that, by applying strain to a GaAs quantum dot,
modifies the symmetry of the potential that confines the electrons and holes within the dot, thereby
erasing the finestructure spliting. In experiments, the team found a level of entanglement between

emitted photons that was 10% higher than the best quanidioh sources previously reported and almost

on par with that of parametriconversion sources. These new sources, which are edd¢aseicrometer

thin membranes, could easily be incorporated in integrated photonic circuits.

This research is published®hysical Review Letters . [29]

Scientists demonstrate coherent coupling between a quant um dot and a

donor atom in silicon

Quantum computers could tackle problems that current supercomputers can't. Quantum computers rely on
quantum bits, or "qubits." Current computers perform millions of calculations, one after the other. Qubit
coupling allevs 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 twist, qubits represent data by the binary state


http://journals.aps.org/prl

of electron spins. Two systems existed to create quBiesearchers successfully integrated the systems
donor atoms and quantum dots. The new qubits don't let the spins, and hence the data, degrade.
Specifically, the bits 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 aduritionor qubit)
architecture. Now, researchers have made an important step toward the practical realization of silicon
qubits. Silicon matters. Why? It is the same material used today in our personal computers. The
manufacturing process for qubits coulditthin today's manufacturing and computing technologies.

Qubits form the basis @fuantum computation. Building a practical quantum computer demands two
important features: the maintenance of coherent quantstates and the assembly of qubits. Coherence

can be thought of as an ideal property of the interacting wavefunctions that describe particles. Silicon is an
appealing qubit material as it provides an environment that minimizes quantum decoherence. Aaltlition
there is already infrastructure in place for building silicon devices. However, the second critical
requirement assembling the qubits has proven immensely challenging. Donor atoms must be embedded
in silicon in such a way that their interactions dancontrolled. 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 arrangeimenosing
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 mexae semiconductor QD. This approach
is advantageous. It does not require the extreme degséplacement 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 micromamgnets
QDs[28]

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 usguaihtum 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, spempsgsand 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
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Quantum information uses differemuantum 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 quantum 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 so small, though,
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 approach tends to adddelthe

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 causedy 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 put a drop of miate 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 gletget
photons more accurately than existing technologi§a7]

Assessing quantum dot photoemissions

Recent research from Kumamoto University in Japan has revealed that polyoxometalates (POMs), typically
used forcatalysis, 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 between two to ten
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 bioimaligiig 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 these toxic opexsive 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 semiconductor mgstads 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 Kumamotsitysiyethesized
SnQ QDs using a liquid phase method to produce QDs of various morphologies. The sizes of the QDs were
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controlled by changing the temperature during synthesis. All of the QDs produced a blue PL when exposed
to UV light (370 nm) and QD& 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 emissions of the SDs 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 by a bulk defechieh 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 that our techniqués effective in analyzing PL emission mechanisms for QDs. We believe it will be
highly beneficial for future QD researciiZ6]

Quantum dot ring lasers emit colored light

Researchers have designed a new type of laser called a quantum dot ring &Etsemtits 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 wo#imd can be easily switched by controlling the
competition betweenrlight emission from the core and the shell.

The researchers, Boris le Feber, Ferry Prins, Eva De Leo, Freddy T. Rabouw, and David J. Norris, at ETH
Zurich, Switzerland, have published a paper on the new lasers in a recent idéaodf etters

The work @monstrates the interesting effects that are possible with lasers based on quantum dots, which
are nanosized crystal spheres made of semiconducting materials. In these lasers, the quantum dots are
often coated with shells of a different material. Whenritlimated, the shells not only emit light of their

own, but they also channel photoexcited carriers (excitons) to the cores of the quantum dots, which
enhances théaser's core lighemission.

In order to make quantum dot lasers that can switch between emitting light from only the cores or only the
shells, the researchers designed a special leaeity, which is the centl part of the laser responsible for
confining and reflecting light until it becomes highly coherent. Although quantum dot lasers have been
widely researched, the effect of the laser cavity on quantum dot laser performance has been largely
unexplored untihow.

In the new study, the scientists fabricated highality laser cavities made of arrays of highly structured
guantum dot rings. The resulting lasers exhibit very high cavity quality factdnsost an order of
magnitude higher than those of typical quam dot lasers, which usually have random cavities.

"We were able to demonstrate a simple fabrication approach that led to-gigtlity ring cavities that

allowed us to explore this 'color switching' behavior imquantum dot laser," Norris, Professor of Materials
Engineering at ETH Zurich, téltlys.org"In poorquality cavities it is unlikely that we would have been able
to observe this effect.”
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The researchers demonstrated that, at low powerg tiew lasers emit red light from their cores, whereas

at higher powers, they emit green light from the shells. At intermediate powerdjghecomes from both

the core and shell, and so appears orange. Asdbearchers explain, it's possible to completely stifle core
emission because the core emission takes place on a picosecond timescale, while shell emission occurs on a
subpicosecond timescale and so can greatly outpace core emission, as long as thevases pufficiently

high.

In the future, the unique properties of thguantum dot ring lasers may lead to applications in laser
displays, chemical sensing, and other areas. But before these applications oealibed, the researchers
plan to further improve the laser's performance.

"We demonstrate the 'color switching' effect in this work, but the color change occurs at very high powers,"
Norris said. "Further research is required to see if the same effacbccur at more reasonable powers.

This would be useful for applications. Fortunatelyantum dots continue to improve (in terms of their
performance for lasers), and we can immediately apply thesedmgnents to our devices." [25]

Sensing with a twist: A new kind of optical nanosensor uses torque for

signal processing

The world of nanosensoreay be physically small, but the demand is large and growing, with little
sign of slowing. As electronic devices get smaller, their ability to provide precisdyadag

sensing of dynamic physical properties such as motion become challenging to develop.

An international group of researchers have put a literal twist on this challenge, demonstrating a
new nanoscale optomechanical resonator that can detect torsional motion at neardctéie-art
sensitivity. Their resonator, into which they couple ligtiso demonstrates torsional frequency
mixing, a novel ability to impact optical energies using mechanical motions. They report their work
this week in the journal Applied Physics Letters.

"With developments of nanotechnology, the ability to measure amatiol torsional motion at the
nanoscale can provide a powerful tool to explore nature,” said Jianguo Huang from Xi‘an Jiaotong
University in China, one of the work's authors. He is also affiliated with the Nanyang Technological
University and with the Institute of Microelectronics, A*STAR in Singapore. "We present a novel
'‘beamin-cavity' design in which a torsional mechanical resonator is embedded into a racetrack
optical cavity, to demonstrate nanoscale torsional motion sensing

Light has already been used in somewhat similar ways to detect the mechanical flexing or
"breathing" of nanomaterials, typically requiring complex and sensitive coupling to the light source.
This new approach is novel not only in its detection of s@ate torques, but also in its integrated
light-coupling design.

Using a silicofbased nanofabrication method, Huang and his team designed the device to allow
light to couple directly via an etched grating to a waveguide configuration, called a racedratk
in which the nanoresonator sits.
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"As light is coupled into the racetrack cavity through a grating coupler, mechanical torsional motion
in the cavity alters the propagation of light and changes [the] power of output light," said Huang.
"By detectirg the small variation of output light, the torsional motions can be measured."

Beyond just detecting torques on their micrength lever arms, the resonators can also affect the
resulting optical properties of the incident signal. The torsional frequehtlye mechanical system
mixes with the modulated optical signals.

"The most surprising part is that when we modulate the input light, we can observe the frequency
mixing," Huang said. "It is exciting for frequency mixing since it has only been dentemh&iya

flexural or breathing modes before. This is the first demonstration of torsional frequency mixing,
which may have implications for ezhip RF signal modulation, such as sdpeterodyne receivers
using optical mechanical resonators."

This is justhie start for potential uses of torgubased nanosensors. Theoretically, there are a
number of frequency tricks these devices could play for signal processing and sensing applications.

"We will continue to explore unique characters of this torsional optohamical sensor and try to
demonstrate novel phenomena, such as inference of dispersive and dissipative optomechanical
coupling hidden behind the sensing," Huang said. "For engineering, magnetic or eleetrically
sensitive materials can be coated on the ag#d of torsional beams to sense small variations of
physical fields, such as magnetic or electric fields to serve as multifunctional sensors." [24]

First imaging of free nanoparticles in laboratory experiment using a

high -intensity laser source

In a joirt research project, scientists from the Max Born Institute for Nonlinear Optics and Short
Pulse Spectroscopy (MBI), the Technische Universitat Berlin (TU) and the University of Rostock
have managed for the first time to image free nanoparticles in a ldaboraxperiment using a
highintensity laser source. Previously, the structural analysis of these extremely small objects via
singleshot diffraction was only possible at laiggale research facilities usingcalled XUV and-x

ray free electron lasers. Thgpathbreaking results facilitate the highéfficient characterisation of

the chemical, optical and structural properties of individual nanoparticles and have just been
published in Nature Communications. The lead author of the publication is juni@robss Dr

Daniela Rupp who carried out the project at TU Berlin and is now starting a junior research group
at MBI.

In their experiment, the researchers expanded helium gas through a nozzle that is cooled to
extremely low temperature. The helium gas tuin® a superfluid state and forms a beam of
freely flying miniscule nanodroplets. "We sent ulsfaort XUV pulses onto these tiny droplets and
captured snapshots of these objects by recording the scattered laser light on aala@eetector
to reconstrict the droplet shape,” explains Dr Daniela Rupp.

"Key to the successful experiment were the higtensity XUV pulses generated in MBI's laser lab
that produce detailed scattering patterns with just one single shot," explains Dr Arnaud Rouzée
from MBI. "B using the sealled wideangle mode that provides access to the thwdinensional
morphology, we could identify hitherto unobserved shapes of the superfluid droplets," adds



Professor Thomas Fennel from MBI and the University of Rostock. The researthresarits
enable a new class of metrology for analysing the structure and optical properties of small
particles. Thanks to statef-the-art laser light sources, making images of the tiniest pieces of
matter is no longer exclusive to the largeale researh facilities. [23]

Single molecular layer and thin silicon beam enable nanolaser

operation at room temperature

For the first time, researchers have built a nanolaser that uses only a single molecular layer, placed
on a thin silicon beam, which operatasroom temperature. The new device, developed by a team

of researchers from Arizona State University and Tsinghua University, Beijing, China, could
potentially be used to send information between different points on a single computer chip. The
lasers alsanay be useful for other sensing applications in a compact, integrated format.

"This is the first demonstration of rootemperature operation of a nanolaser made of the
singlelayer material," said Cutheng Ning, an ASU electrical engineering professorladthe
research team. Details of the new laser are published in the July online edition of Nature
Nanotechnology.

In addition to Ning, key authors of the article, "Rotemperature Continuousvave Lasing from
Monolayer Molybdenum Ditelluride Integratesith a Silicon Nanobeam Cavity," include Yongzhuo
Li, Jianxing Zhang, Dandan Huang from Tsinghua University.

Ning said pivotal to the new development is use of materials that can be laid down in single layers
and efficiently amplify light (lasing actiorg§ingle layer nanolasers have been developed before,

but they all had to be cooled to low temperatures using a cryogen like liquid nitrogen or liquid
helium. Being able to operate at room temperatures (~77 F) opens up many possibilities for uses of
thesenew lasers," Ning said.

The joint ASt'singhua research team used a monolayer of molybdenum ditelluride integrated
with a silicon nanobeam cavity for their device. By combining molybdenum ditelluride with silicon,
which is the bedrock in semiconductor mdacturing and one of the best waveguide materials,

the researchers were able to achieve lasing action without cooling, Ning said.

A laser needs two key pieces gain medium that produces and amplifies photons, and a cavity
that confines or traps phota While such materials choices are easy for large lasers, they become
more difficult at nanometer scales for nanolasers. Nanolasers are smaller than 100th of the
thickness of the human hair and are expected to play important roles in future computerastdps

a variety of light detection and sensing devices.

The choice of twalimensional materials and the silicon waveguide enabled the researchers to
achieve room temperature operation. Excitons in molybdenum telluride emit in a wavelength that
is transparat to silicon, making silicon possible as a waveguide or cavity material. Precise
fabrication of the nanobeam cavity with an array of holes etched and the integration ef two
dimensional monolayer materials was also key to the project. Excitons in sucHayenmaterials

are 100 times stronger than those in conventional semiconductors, allowing efficient light emission
at room temperature.



Because silicon is already used in electronics, especially in computer chips, its use in this
application is signifiga in future applications.

"A laser technology that can also be made on Silicon has been a dream for researchers for
decades," said Ning. "This technology will eventually allow people to put both electronics and
photonics on the same silicgratform, greatly simplifying manufacture.”

Silicon does not emit light efficiently and therefore must be combined with other light emitting
materials. Currently, other semiconductors are used, such as Indium phosphide or Indium Garlium
Arsenide which arbundreds of times thicker, to bond with silicon for such applications.

The new monolayer materials combined with Silicon eliminate challenges encountered when
combining with thicker, dissimilar materials. And, because thissilgzon material is only single
layer thick, it is flexible and less likely to crack under stress, according to Ning.

Looking forward, the team is working on powering their laser with electrical voltage to make the
system more compact and easy to use, especially for its intendedn computer chips. [22]

Computer chip technology repurposed for making reflective

nanostructures

A team of engineers at Caltech has discovered how to use comphifgimanufacturing
technologies to create the kind of reflective materials that maletgavests, running shoes, and
road signs appear shiny in the dark.

Those materials owe their shininess to retroreflection, a property that allows them to bounce light
directly back to its source from a wide variety of angles. In contrast, a basicriat mill not
bounce light back to its source if that light is coming from any angle other than straight on.

Retroreflectors' ability to return light to where it came from makes them useful for highlighting
objects that need to be seen in dark conditioRer example, if light from a car's headlights shines
on the safety vest of a construction worker down the road, the vest's retroreflective strips will
bounce that light straight back to the car and into the driver's eyes, making the vest appear to
glow.

Retroreflectors have also been used in surveyors' equipment, communications with satellites, and
even in experiments to measure the distance of the moon from Earth.

Typically, retroreflectors consist of tiny glass spheres embedded in the surface diiveffeint or
in small mirrors shaped like the inner corner of a cube.

The new technology which was developed by a team led by Caltech's Andrei Faraon, assistant
professor of applied physics and materials science in the Division of Engineering and Applied
Science uses surfaces covered by a metamaterial consisting of millions of silicon pillars, each only
a few hundred nanometers tall. By adjusting the size of the pillars and the spacing between them,
Faraon can manipulate how the surface reflects, reframtdransmits light. He has already shown

that these materials can be tweaked to create flat lenses for focusing light or to createljésm



surfaces that spread the light out into its spectrum. Now, he's discovered that he can build a
retroreflector bystacking two layers of the metamaterials atop one another.

In this kind of retroreflector, light first passes through a transparent metamaterial layer
(metasurface) and is focused by its tiny pillars onto a single spot on a reflective metamaterial layer
The reflective layer then bounces the light back to the transparent layer, which transmits the light
back to its source.

"By placing multiple metasurfaces on top of each other, it is possible to control the flow of light in
such a way that was not pobg before,” Faraon says. "The functionality of a retroreflector cannot
be achieved by using a single metasurface.”

Since Faraon's metamaterials are created using comgtgr manufacturing technologies, it
would be possible to easily integrate them imtioips used in optoelectronic deviaeslectronics
that use and control light, he says.

"This could have applications in communicating with remote sensors, drones, satellites, etc.,” he
adds.

Faraon's research appears in a paper in the June 19, 20libreditNature Photonics; the paper is
titted "Planar metasurface retroreflector." Other coauthors are Amir Arbabi, assistant professor of
computer and electrical engineering at the University of Massachusetts Amherst; and Caltech
electrical engineering gduate students Ehsan Arbabi, Yu Horie, and Seyedeh Mahsa Kamali. [21]

Physicists create nanoscale mirror with only 2000 atoms

Mirrors are the simplest means to manipulate light propagation. Usually, a mirror is a macroscopic
object composed of a very lgg number of atoms. 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 BrosseKB) report that they have realized an efficient mirror consisifng

only 2000 atoms. This paper is accompanied by a "Focus" item i{RARIEs.

By engineering the position of cold atoms trapped around a nanoscale fiber, the researchers fulfill
the necessary conditions for Bragg reflection, a Wethwn physical effedirst proposed by

William Lawrence Bragg and his father William Henry Bragg in crystalline solids. They earned the
Nobel Prize for this work in 1915.

In the current experiment, each trapped atom contributes with a small reflectance, and the
engineered position allows the constructive interference of multiple reflections.

"Only 2000 atoms trapped in the vicinity of the fiber were necessary, while previo

demonstrations in free space required tens of millions of atoms to get the same reflectance," says
Neil Corzo, a Mari€urie postdoctoral fellow and the lead author of this work. He adds, "This is
due to the strong atorphoton coupling and the atom pdiin control that we can now achieve in

our system."

The key ingredient is a nanoscale fiber, whose diameter has been reduced to 400 nm. In this case, a
large fraction of the light travels outside the fiber in an evanescent field where it is heavily focused



over the tcm nanofiber length. Using this strongubsversal confinement, it is possible to trap

cold cesium atoms near the fiber in wdkfined chains. The trapping is made with the
implementation of an affibered dipole trap. With the use of wethosen pairs of beams, the
researchers generate two cims of trapping potentials around the fiber, in which only one atom
occupies each site. By selecting the correct colors of the trap beams, they engineered the distance
between atoms in the chains to be close to half the resonant wavelength of the cesiams,at

fulfilling the necessary conditions for Bragg reflection.

This setting represents an important step in the emerging field of waveguide quantum
electrodynamics, with applications in quantum networks, qguantum nonlinear optics, and quantum
simulation. e technique would allow for novel quantum network capabilities and rizody

effects emerging from lonrgange interactions between multiple spins, a daunting prospect in free
space.

This demonstration follows other works that Laurat's group has donedent years, including the
realization of an alfibered optical memory. [20]

For first time, researchers see individual atoms keep away from each

other or bunch up as pairs

If you bottle up a gas and try to image its atoms using today's most powedtdsabpes, you will
see little more than a shadowy blur. Atoms zip around at lightning speeds and are difficult to pin
down at ambient temperatures.

If, however, these atoms are plunged to ultracold temperatures, they slow to a crawl, and scientists
can sart to study how they can form exotic states of matter, such as superfluids, superconductors,
and quantum magnets.

Physicists at MIT have now cooled a gas of potassium atoms to several nanokglsireshair

above absolute zem and trapped the atoms wiiin a twodimensional sheet of an optical lattice
created by crisscrossing lasers. Using a-regblution microscope, the researchers took images of
the cooled atoms residing in the lattice.

By looking at correlations between the atoms' positions in hredd of such images, the team
observed individual atoms interacting in some rather peculiar ways, based on their position in the
lattice. Some atoms exhibited "antisocial" behavior and kept away from each other, while some
bunched together with alternatinghnagnetic orientations. Others appeared to piggyback on each
other, creating pairs of atoms next to empty spaces, or holes.

The team believes that these spatial correlations may shed light on the origins of superconducting
behavior. Superconductors aremarkable materials in which electrons pair up and travel without
friction, meaning that no energy is lost in the journey. If superconductors can be designed to exist
at room temperature, they could initiate an entirely new, incredibly efficient era fottang that

relies on electrical power.



Martin Zwierlein, professor of physics and principal investigator at MIT's NSF Center for Ultracold
Atoms and at its Research Laboratory of Electronics, says his team's results and experimental setup
can help scientits identify ideal conditions for inducing superconductivity.

"Learning from this atomic model, we can understand what's really going on in these
superconductors, and what one should do to make higkenperature superconductors,
approaching hopefully rao temperature,” Zwierlein says.

Zwierlein and his colleagues' results appear in the Sept. 16 issue of the journal ScieagtdCo
include experimentalists from the MHarvard Center for Ultracold Atoms, MIT's Research
Laboratory of Electronics, andid theory groups from San Jose State University, Ohio State
University, the University of Rio de Janeiro, and Penn State University.

"Atoms as stand-ins for electrons”

Today, it is impossible to model the behavior of Higimperature superconductors, emeusing the
most powerful computers in the world, as the interactions between electrons are very strong.
Zwierlein and his team sought instead to design a "quantum simulator," using atoms in a gas as
standins for electrons in a superconducting solid.

Thegroup based its rationale on several historical lines of reasoning: First, in 1925 Austrian
physicist Wolfgang Pauli formulated what is now called the Pauli exclusion principle, which states
that no two electrons may occupy the same quantum staseich aspin, or positiom at the same
time. Pauli also postulated that electrons maintain a certain sphere of personal space, known as
the "Pauli hole."

His theory turned out to explain the periodic table of elements: Different configurations of
electrons give ge to specific elements, making carbon atoms, for instance, distinct from hydrogen
atoms.

The Italian physicist Enrico Fermi soon realized that this same principle could be applied not just to
electrons, but also to atoms in a gas: The extent to whicmattike to keep to themselves can
define the properties, such as compressibility, of a gas.

"He also realized these gases at low temperatures would behave in peculiar ways," Zwierlein says.

British physicist John Hubbard then incorporated Pauli's piim@ipa theory that is now known as
the FermiHubbard model, which is the simplest model of interacting atoms, hopping across a
lattice. Today, the model is thought to explain the basis for superconductivity. And while theorists
have been able to use theadel to calculate the behavior of superconducting electrons, they have
only been able to do so in situations where the electrons interact weakly with each other.

"That's a big reason why we don't understand higmperature superconductors, where the

eledrons are very strongly interacting," Zwierlein says. "There's no classical computer in the world
that can calculate what will happen at very low temperatures to interacting [electrons]. Their
spatial correlations have also never been observed in sitlgusrno one has a microscope to

look at every single electron."



Carving out personal space

Zwierlein'steam sought to design an experiment to realize the Fetmipbard model with atoms,
in hopes of seeing behavior of ultracold atoms analogous to that of electrons ktemgierature
superconductors.

The group had previously designed an experimental paittcfirst cool a gas of atoms to near
absolute zero, then trap them in a tadimensional plane of a lasgenerated lattice. At such

ultracold temperatures, the atoms slowed down enough for researchers to capture them in images
for the first time, as thg interacted across the lattice.

At the edges of the lattice, where the gas was more dilute, the researchers observed atoms
forming Pauli holes, maintaining a certain amount of personal space within the lattice.

"They carve out a little space for themge$ where it's very unlikely to find a second guy inside
that space," Zwierlein says.

Where the gas was more compressed, the team observed something unexpected: Atoms were
more amenable to having close neighbors, and were in fact very tightly bunchesk &toems
exhibited alternating magnetic orientations.

"These are beautiful, antiferromagnetic correlations, with a checkerboard pattam down, up,
down," Zwierlein describes.

At the same time, these atoms were found to often hop on top of one anotiieating a pair of
atoms next to an empty lattice square. This, Zwierlein says, is reminiscent of a mechanism
proposed for higitemperature superconductivity, in which electron pairs resonating between
adjacent lattice sites can zip through the materidthout friction if there is just the right amount
of empty space to let them through.

Ultimately, he says the team's experiments in gases can help scientists identify ideal conditions for
superconductivity to arise in solids.

Zwierlein explains: "For uthese effects occur at nanokelvin because we are working with dilute
atomic gases. If you have a dense piece of matter, these same effects may well happen at room
temperature.”

Currently, the team has been able to achieve ultracold temperatures in ¢fzeseare equivalent to
hundreds of kelvins in solids. To induce superconductivity, Zwierlein says the group will have to
cool their gases by another factor of five or so.

"We haven't played all of our tricks yet, so we think we can get colder,” he §&ys. [

Researchers have created quantum states of light whose noise level has
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Squeezed quantum states of light can have better noise properties than those imposed by classical
limits set by shot noise. Such states might hrelpearchers boost the sensitivity of

gravitationalwave (GW) detectors or design more practical quantum information schemes. A team



of researchers at the Institute for Gravitational Physics at the Leibniz University of Hanover,
Germany, has now demonstratedmethod for squeezing noise to record low levels. The new
approach compatible with the laser interferometers used in GW detectonsay lead to
technologies for upgrading LIGO and similar observatories.

Squeezed light is typically generated in nonlinggstals, in which one pump photon produces two
daughter photons. Because the two photons are generated in the same quantum process, they
exhibit correlations that can be exploited to reduce noise in measuring setups. Quantum squeezing
can, in principle, réuce noise to arbitrarily low levels. But in practice, photon losses and detector
noise limit the maximum achievable squeezing. The previous record was demonstrated by the
Hanover team, who used a scheme featuring amplitude fluctuations that were abaata bf 19

lower than those expected from classical noise (12.7 dB of squeezing).

In their new work, the researchers bested themselves by increasing this factor to 32 (15 dB of
squeezing), using a lighgjueezing scheme with low optical losses and mihiinatuations in the

phase of the readout scheme. The squeezed states are obtained at 1064 nm, the laser wavelength
feeding the interferometers of all current GW observatories.

This research is published in Physical Review Letters. [18]

Liquid Light wit h a Whirl
Ly SEtfALGAOFE tA3IKG o0SIY AY | y2ytAYySIEN 2LIGAOFE Y
electron around a magnetic field.

Magnetism and rotation have a lot in common. The effect of a magnetic field on a moving charge,
the Lorentz érce, is formally equivalent to the fictitious force felt by a moving mass in a rotating
reference frame, the Coriolis force. For this reason, atomic quantum gases under rotation can be
used as quantum simulators of exotic magnetic phenomena for electsoia, as the fractional
guantum Hall effect. But there is no direct equivalent of magnetism for photons, which are
massless and chargeless. Now, Niclas Westerberg anmtbié@rs at HeriodWatt University, UK,

have shown how to make synthetic magnetic fefdr light. They developed a theory that predicts
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propagates, just as an electron will whirl around in a magnetic field. More than that, the light will
expand as igoes, demonstrating fluitlke behavior. We can expect synthetic magnetism for light

to bring big insights into magnetism in other systems, as well as some beautiful images.

The idea that light can behave like a fluid and, even more interestingly, aflsighéa fluid with
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equations for nearly collimated light in a nonlinear medium look like the Schrédinger equation for

a superfluid of matter, modified to includearticle interactions. Fluids of light, or photon fluids,

propagating in bulk nonlinear media show a range of fluid and superfluid behavior, such as free

expansion and shock waves. In microcavities, fluids of light can be strongly coupled to matter, such

as semiconductor electrehole pairs, to make hybrid entities known as polariton condensates.

These condensates can exhibit quantized vortices, which are characteristic of superfluidity. Despite

these impressive advances, it has proven difficult to indheestrong bulk rotation required for



phenomena such as the quantum Hall effect to show up in photon fluids, hence the need for
synthetic magnetism.

The concept of synthetic magnetism is borrowed from ultracold atoms. With atoms, it is
experimentally unfesible to reach a regime of rapid rotation corresponding to a large magnetic

field, not least because the traps that confine the atoms are unable to provide the centripetal force
to stop them from flying out. Instead, it is possible to take advantage ofattiethat atoms have

multiple internal states. These can be used to generate geometric phases, as opposed to dynamic
phases (which can be imposed by any forces, whatever the structure of the internal states may be).
A geometric phase, otherwise knownas & NNE LIKI aSs FFNA&AS&a 6KSy | aeadas
example, its spin) smoothly follow the variations of an external field, so that its phase depends on
which path it takes between two external states (for example, two positions of the system)ifeven

the paths have the same energy. In atomic systems, the variations of the external field in position
are achieved with phase or amplitude structures of the electromagnetic field of laser light. These
variations can be engineered to produce the rotatioeqliivalent of the vector potential for a

magnetic field on a charged particle, inducing strong bulk rotation that shows up as many vortices

in a superfluid Bos€&instein condensate.

To produce a geometric phase in a fluid of light, Westerbergcatidagues considered light with

two coupled internal states a spinor photon fluid. They studied two types of nonlinear media,
with second and third-order optical nonlinearities, respectively. The secamder nonlinearity

comes in the form of mixing ohtee fields in a birefringent crystal, in which one field, the pump
light field, splits into two further fields with orthogonal polarizations, these being the two required
internal states of the spinor fluid. Slow spatial variations of the strong punbdiherate a

synthetic vector potential that is equivalent to a magnetic field for electric charges or rotation for
atoms.

The thirdorder optical nonlinearity occurs in a medium with a refractive index that depends on the
intensity of light. The spinortton fluid in this case consists of weak fluctuations around a strong
light field that carries orbital angular momentum (colloquially known as twisted light). The two
internal states of the fluid are distinguished by their differing orbital angular moomn®he

resulting vector potential produces synthetic magnetism, much as with the semoisat

nonlinearity.

Coincidentally, for the medium with a secendder nonlinearity, Westerberg and aworkers also
propose using twisted light.

The authorgresent numerical simulations for both types of nonlinearity. For the secoddr
nonlinear medium, they show that an elliptical light beam in a synthetic magnetic field rotates
about its propagation axis and expands as it propagates (Fig 1). The erpgtnsics that the light

is behaving as a fluid in rotation. For the thoter nonlinear medium there is a trapped vortex
that causes the beam to rotate, which is akin to cyclotron motion of a charge in a magnetic field.
Short of spinning the medium extreaty rapidly [9], it is not obvious how one could otherwise
make a beam continuously rotate as it propagates.
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nonlinear optics, atomic physics, geometric phasesl light with orbital angular momentum.



Spinor photon fluids in themselves are a new development. The complete state of a photon fluid
its amplitude, phase, and polarizatiorcan be mapped out; this is not possible for atoms or
electrons. Some of the auth® of the present study have recently experimentally driven photon
fluids past obstacles in ways that are hard to achieve for atoms, and obtained evidence for
superfluidity through the phase of the photon fluid [10&vidence that cannot be obtained for
electronic magnetism. Furthermore, they have also made photon fluids that have nonlocal
interactions, via thermal effects. Generalizing synthetic magnetism to nonlocal fluids of light will
enlighten us about magnetism and rotation in sedtdte and atomic suerfluids. Experimental
implementation will surely follow hot on the heels of this proposal. [17]

Physicists discover a new form of light

Physicists from Trinity College Dublin's School of Physics and the CRANN Institute, Trinity College,
have discovered new form of light, which will impact our understanding of the fundamental

nature of light.

One of the measurable characteristics of a beam of light is known as angular momentum. Until
now, it was thought that in all forms of light the angular momentwould be a multiple of
Planck's constant (the physical constant that sets the scale of quantum effects).

Now, recent PhD graduate Kyle Ballantine and Professor Paul Eastham, both from Trinity College
Dublin's School of Physics, along with Professor Johedan from CRANN, have demonstrated a
new form of light where the angular momentum of each photon (a particle of visible light) takes
only half of this value. This difference, though small, is profound. These results were recently
published in the onlingournal Science Advances.

Commenting on their work, Assistant Professor Paul Eastham said: "We're interested in finding out
how we can change the way light behaves, and how that could be useful. What | think is so exciting
about this result is that everhis fundamental property of light, that physicists have always

thought was fixed, can be changed.”

Professor John Donegan said: "My research focuses on nanophotonics, which is the study of the
behaviour of light on the nanometer scale. A beam of lighh&racterised by its colour or

wavelength and a less familiar quantity known as angular momentum. Angular momentum
measures how much something is rotating. For a beam of light, although travelling in a straight line
it can also be rotating around its owmia. So when light from the mirror hits your eye in the

morning, every photon twists your eye a little, one way or another."

"Our discovery will have real impacts for the study of light waves in areas such as secure optical
communications."

Professor Stano Sanvito, Director of CRANN, said: "The topic of light has always been one of
interest to physicists, while also being documented as one of the areas of physics that is best
understood. This discovery is a breakthrough for the world of physics anttsaéke. | am

delighted to once again see CRANN and Physics in Trinity producing fundamental scientific research
that challenges our understanding of light."



To make this discovery, the team involved used an effect discovered in the same institutast alm
200 years before. In the 1830s, mathematician William Rowan Hamilton and physicist Humphrey
Lloyd found that, upon passing through certain crystals, a ray of light became a hollow cylinder.
The team used this phenomenon to generate beams of light asibrewlike structure.

Analyzing these beams within the theory of quantum mechanics they predicted that the angular
momentum of the photon would be haifteger, and devised an experiment to test their

prediction. Using a specially constructed deviceytivere able to measure the flow of angular
momentum in a beam of light. They were also able, for the first time, to measure the variations in
this flow caused by quantum effects. The experiments revealed a tiny shifhahef Planck's
constant, in theangular momentum of each photon.

Theoretical physicists since the 1980s have speculated how quantum mechanics works for particles
that are free to move in only two of the three dimensions of space. They discovered that this

would enable strange new pobidlities, including particles whose quantum numbers were fractions

of those expected. This work shows, for the first time, that these speculations can be realised with
light. [16]

Novel metasurface revolutionizes ubiquitous scientific tool

Light from aroptical fiber illuminates the metasurface, 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.

What do astrophysics, telecommunicationgdgsharmacology have in common? Each of these
fields relies on polarimetetrsinstruments that detect the direction of the oscillation of
electromagnetic waves, otherwise known as the polarization of light.

Even though the human eye isn't particularly semsito polarization, it is a fundamental property

of light. When light is reflected or scattered off an object, its polarization changes and measuring
that change reveals a lot of information. Astrophysicists, for example, use polarization
measurements t@nalyze the surface of distant, or to map the giant magnetic fields spanning our
galaxy. Drug manufacturers use the polarization of scattered light to determine the chirality and
concentration of drug molecules. In telecommunications, polarization is wsearry information
through the vast network of fiber optic cables. From medical diagnostics tetéafh

manufacturing to the food industry, measuring polarization reveals critical data.

Scientists rely on polarimeters to make these measurements. Whitgiitous, many polarimeters
currently in use are slow, bulky and expensive.

Now, researchers at the Harvard John A. Paulson School of Engineering and Applied Sciences and
Innovation Center Iceland have built a polarimeter on a microchip, revolutiorttzndesign of
this widely used scientific tool.

"We have taken an instrument that is can reach the size of a lab bench and shrunk it down to the
size of a chip," said Federico Capasso, the Robert L. Wallace Professor of Applied Physics and
Vinton Hayes é&hior Research Fellow in Electrical Engineering, who led the research. "Having a



microchip polarimeter will make polarization measurements available for the first time to a much
broader range of applications, including in eneggfjcient, portable devices

"Taking advantage of integrated circuit technology and nanophotonics, the new device promises
high-performance polarization measurements at a fraction of the cost and size," said J. P. Balthasar
Mueller, a graduate student in the Capasso lab anddughor of the paper.

The device is described in the journal Optica. Harvard's Office of Technology Development has filed
a patent application and is actively exploring commercial opportunities for the technology.

Capasso'team was able to drastically reduce the complexity and size of polarimeters by building a
two-dimensional metasurfaaea nanoscale structure that interacts with light. The metasurface is
covered with a thin array of metallic antennas, smaller than a wangheof light, embedded in a
polymer film. As light propagates down an optical fiber and illuminates the array, a small amount
scatters in four directions. Four detectors measure the intensity of the scattered light and combine
to give the state of polar&tion in real time.

"One advantage of this technique is that the polarization measurement leaves the signal mostly
intact,” said Mueller. "This is crucial for many uses of polarimeters, especially in optical
telecommunications, where measurements mustrbade without disturbing the data stream."

In telecommunications, optical signals propagating through fibers will change their polarization in
random ways. New integrated photonic chips in fiber optic cables are extremely sensitive to
polarization, and ifight reaches a chip with the wrong polarization, it can cause a loss of signal.

"The design of the antenna array make it robust and insensitive to the inaccuracies in the
fabrication process, which is ideal for large scale manufacturing,” said Krisgasdn, senior
researcher and division manager at the Innovation Center and coauthor of the paper.

Leosson's team in Iceland is currently working on incorporating the metasurface design from the
Capasso group into a prototype polarimeter instrument.

Chipbased polarimeters could for the first time provide comprehensive andtimea polarization
monitoring, which could boost network performance and security and help providers keep up with
the exploding demand for bandwidth.

"This device performs as wel any stateof-the-art polarimeter on the market but is considerably
smaller," said Capasso. "A portable, compact polarimeter could become an important tool for not
only the telecommunications industry but also in drug manufacturing, medical imagingjsthem
astronomy, you name it. The applications are endless." [15]

New nanodevice shifts light's color at single -photon level

Converting a single photon from one color, or frequency, to another is an essential tool in quantum
communication, which harness 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 Technology (NIST) have now developed a miniaturized version of a
frequency converter, using technology similar to that used to make computer chips.



The tiny device, which promises to help improve the security and increase the distance over which
nextgeneration quantum communication systems operate, can be tailore@ forde variety of

uses, enables easy integration with other informatjgmocessing elements and can be mass
produced.

The new nanoscale optical frequency converter efficiently converts photons from one frequency to
the other while consuming only a smathaunt of power and adding a very low level of noise,
namely background light not associated with the incoming signal.

Frequency converters are essential for addressing two problems. The frequencies at which
guantum systems optimally generate and storeoimfiation are typically much higher than the
frequencies required to transmit that information over kilometgrale distances in optical fibers.
Converting the photons between these frequencies requires a shift of hundreds of terahertz (one
terahertz is aitllion wave cycles per second).

A much smaller, but still critical, frequency mismatch arises when two quantum systems that are
intended to be identical have small variations in shape and composition. These variations cause the
systems to generate photarthat differ slightly in frequency instead of being exact replicas, which

the quantum communication network may require.

The new photon frequency converter, an example of nanophotonic engineering, addresses both
issues, Qing Li, Marcelo Davanc¢o and K&tinivasan write in Nature Photonics. The key
component of the chipntegrated device is a tiny rirghaped resonator, about 80 micrometers in
diameter (slightly less than the width of a human hair) and a few tenths of a micrometer in
thickness. The shapand dimensions of the ring, which is made of silicon nitride, are chosen to
enhance the inherent properties of the material in converting light from one frequency to another.
The ring resonator is driven by two pump lasers, each operating at a sepagqieficy. In a

scheme known as fouwavemixing Bragg scattering, a photon entering the ring is shifted in
frequency by an amount equal to the difference in frequencies of the two pump lasers.

Like cycling around a racetrack, incoming light circulatesratdhe resonator hundreds of times
before exiting, greatly enhancing the device's ability to shift the photon's frequency at low power
and with low background noise. Rather than using a few watts of power, as typical in previous
experiments, the system egsumes only about a hundredth of that amount. Importantly, the
added amount of noise is low enough for future experiments using spigion sources.

While other technologies have been applied to frequency conversion, "nanophotonics has the
benefit of pdentially enabling the devices to be much smaller, easier to customize, lower power,
and compatible with batch fabrication technology,” said Srinivasan. "Our work is a first
demonstration of a nanophotonic technology suitable for this demanding task aftgoma

frequency conversion." [14]

Quantum dots enhance light -to-current conversion in layered

semiconductors
Harnessing the power of the sun and creating Hightvesting or lightensing devices requires a
material that both absorbs light efficiently amdnverts 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.

In two justpublished papers, scientists from the U.S. Department of Energy's Brookhaven National
Laboratory, Stony Brook University, and the University of Nebraska describe one such approach
that combines the excellent lightarvesting properties of quanm dots with the tunable electrical
conductivity of a layered tin disulfide semiconductor. The hybrid material exhibited enhanced
lightharvesting properties through the absorption of light by the quantum dots and their energy
transfer to tin disulfide, bdt in laboratory tests and when incorporated into electronic devices.

The research paves the way for using these materials in optoelectronic applications such as energy
harvesting photovoltaics, light sensors, and light emitting diodes (LEDS).

According tdMlircea Cotlet, the physical chemist who led this work at Brookhaven Lab's Center for
Functional Nanomaterials (CFN), a DOE Office of Science User Faciligliti€wsional metal
dichalcogenides like tin disulfide have some promising properties for enéagy conversion and
photodetector applications, including a high surfaoevolume aspect ratio. But no

semiconducting material has it all. These materials are very thin and they are poor light absorbers.
So we were trying to mix them with other nanométds like lightabsorbing quantum dots to

improve their performance through energy transfer."

One paper, just published in the journal ACS Nano, describes a fundamental study of the hybrid
guantum dot/tin disulfide material by itself. The work analyzes/Hight excites the quantum dots
(made of a cadmium selenide core surrounded by a zinc sulfide shell), which then transfer the
absorbed energy to layers of nearby tin disulfide.

"We have come up with an interesting approach to discriminate energy trafrsim charge

transfer, two common types of interactions promoted by light in such hybrids," said Prahlad Routh,
a graduate student from Stony Brook University working with Cotlet addstcauthor of the ACS
Nano paper. "We do this using single nanotalyspectroscopy to look at how individual quantum
dots blink when interacting with shedike tin disulfide. This straightforward method can assess
whether components in such semiconducting hybrids interact either by energy or by charge
transfer.”

The researchers found that the rate for noadiative energy transfer from individual quantum dots
to tin disulfide increases with an increasing number of tin disulfide layers. But performance in
laboratory tests isn't enough to prove the merits of potehthew materials. So the scientists
incorporated the hybrid material into an electronic device, a pHitd-effect-transistor, a type of
photon detector commonly used for light sensing applications.

As described in a paper published online March 24pjpliad Physics Letters, the hybrid material
dramatically enhanced the performance of the phdield-effect transistorsresulting in a
photocurrent response (conversion of light to electric current) that was 500 percent better than
transistors made with té tin disulfide material alone.

"This kind of energy transfer is a key process that enables photosynthesis in nature," said
ChangYong Nam, a materials scientist at Center for Functional Nanomaterials and co



corresponding author of the APL paper. "Researsthave been trying to emulate this principle in
light-harvesting electrical devices, but it has been difficult particularly for new material systems
such as the tin disulfide we studied. Our device demonstrates the performance benefits realized by
usingboth energy transfer processes and new {dimnensional materials."

Cotlet concludes, "The idea of ‘doping’ tslonensional layered materials with quantum dots to
enhance their light absorbing properties shows promise for designing better solar cells and
photodetectors." [13]

Quasiparticles dubbed topological polaritons make their debut in the
theoretical world

o=

Condensednatter physicists often turn to particlike entities called quasiparticlesuch as

excitons, plasmons, magnango explain complex fpenomena. Now Gil Refael from the California

Institute of Technology in Pasadena and colleagues report the theoretical concept of the
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special topological pragties and might be used in devices to transport light in one direction.

The proposed topolaritons arise from the strong coupling of a photon and an exciton, a bound

state of an electron and a hole. Their topology can be thought of as knots in theirdyappegy

band structure. At the edge of the systems in which topolaritons emerge, these knots unwind and

allow the topolaritons to propagate in a single direction without beafkection. In other words,

the topolaritons cannot make 4tlirns. Backeeflection is a known source of detrimental feedback
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devices with increased performance.

The researchers describe a scheme to generate topolaritons that may be feasimlplé¢ment in

common systems such as semiconductor structures or atomically thin layers of compounds

known as transitiormetal dichalcogenidasembedded in photonic waveguides or microcavities.

Previous approaches to make similar emay photonic channelsave mostly hinged on effects

that are only applicable at microwave frequencies. Refael anil 80NJ SNE Q LINR LR &l f 2FFSN
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remained a challenging pursuit. [12]



‘Matter waves' move through one another but never share space

Physicist Randy Hulet and colleagues observed a strange disappearing act during collisions between
forms of Bose Einstein condensates called solitons. In some cases, the colliding clumpgerof mat
appear to keep their distance even as they pass through each other. How can two clumps of matter
pass through each other without sharing space? Physicists have documented a strange
disappearing act by colliding Bose Einstein condensates that appkeepatheir distance even as

they pass through one another.

BECs are clumps of a few hundred thousand lithium atoms that are cooled to withimitioath

of a degree above absolute zero, a temperature so cold that the atoms march in lockstep and act
as asingle "matter wave." Solitons are waves that do not diminish, flatten out or change shape as
they move through space. To form solitons, Hulet's team coaxed the BECs into a configuration
where the attractive forces between lithium atoms perfectly balati@equantum pressure that

tends to spread them out.

The researchers expected to observe the property that a pair of colliding solitons would pass
though one another without slowing down or changing shape. However, they found that in certain
collisions, tle solitons approached one another, maintained a minimum gap between themselves,
and then appeared to bounce away from the collision.

Hulet's team specializes in experiments on BECs and other ultracold matter. They use lasers to both
trap and cool cloudsfdithium gas to temperatures that are so cold that the matter's behavior is
dictated by fundamental forces of nature that aren't observable at higher temperatures.

To create solitons, Hulet and postdoctoral research associate Jason Nguyen, the saady's le
author, balanced the forces of attraction and repulsion in the BECs.

Cameras captured images of the tiny BECs throughout the process. In the images, two solitons
oscillate back and forth like pendulums swinging in opposite directions. Hulet's teaoh alko
included graduate student De Luo and former postdoctoral researcher Paul Dyke, documented
thousands of heaan collisions between soliton pairs and noticed a strange gap in some, but not
all, of the experiments.

Many of the events that Hulet's teameasures occur in orthousandth of a second or less. To
confirm that the "disappearing act” wasn't causing a miniscule interaction between the soliton
pairs-- an interaction that might cause them to slowly dissipate over tintéulet's team tracked
one of the experiments for almost a full second.

The data showed the solitons oscillating back and fourth, winking in and out of view each time they
crossed, without any measurable effect.

"This is great example of a case where experiments on ultracoltenen yield a fundamental
new insight," Hulet said. "The phadependent effects had been seen in optical experiments, but
there has been a misunderstanding about the interpretation of those observations." [11]



Photonic molecules

Working with colleagug at the HarvareMIT Center for Ultracold Atoms, a group led by Harvard
Professor of Physics Mikhail Lukin and MIT Professor of Physics Vladan Vuletic have managed to
coax photons into binding together to form moleculga state of matter that, until reaaly, had

been purely theoretical. The work is described in a September 25 paper in Nature.

The discovery, Lukin said, runs contrary to decades of accepted wisdom about the nature of light.
Photons have long been described as massless particles whidhirderdact with each other;
shine two laser beams at each other, he said, and they simply pass through one another.

"Photonic molecules," however, behave less like traditional lasers and more like something you
might find in science fictiog the light @ber.

"Most of the properties of light we know about originate from the fact that photons are massless,
and that they do not interact with each other," Lukin said. "What we have done is create a special
type of medium in which photons interact with each otherstmngly that they begin to act as

though they have mass, and they bind together to form molecules. This type of photonic bound
state has been discussed theoretically for quite a while, but until now it hadn't been observed. [9]

The Electromagnetic Inter action

This paper explains the magnetic effect of the electric current from the observed effects of the

accelerating electrons, causing naturally the experienced changes of the electric field potential

along the electric wire. The accelerating electrorplain not only the Maxwell Equations and the

Special Relativity, but the Heisenberg Uncertainty Relation, the wave particle duality and the
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Asymmetry in the interfe rence occurrences of oscillators

The asymmetrical configurations are stable objects of the real physical world, because they cannot
annihilate. One of the most obvious asymmetry is the prai@bectron mass rate = 1840 M

while they have equal charg@é/e explain this fact by the strong interaction of the proton, but how
remember it his strong interaction ability for example in the Btom where are only

electromagnetic interactions among proton and electron.

This gives us the idea to origin the maégroton from the electromagnetic interactions by the
way interference occurrences of oscillators. The uncertainty relation of Heisenberg makes sure that
the particles are oscillating.

The resultant intensity due to n equally spaced oscillators, &tjoél amplitude but different from
one another in phase, either because they are driven differently in phase or because we are
looking at them an angle such that there is a difference in time delay:

(1) I=bsirtn /2/ s /2

If isinfinitesimal so that sin = than



(2) e o
This gives us the idea of

(3)  Mp=rMe

8 =A/n = dsing A

Fig. 30-3. A linear array of n equal
oscillators, driven with phases a; = sa.

Figure 1.) A linear array of n equal oscillators

There is an important feature about formula (1) which is that if the angkeincreased by the
multiple of 2 it makes no difference to the formula.

So

(4) dsin =m and we get rorder beam if less than d. [6]

If d less than we get only zererder one centered at = 0. Of course, there is also a beam in the
opposite direction. The right chooses of d ange can ensure the conservation of charge.

For example
(5) 2(m+l)=n
Where 2(m+1) = Number of protons and n =umber of electrons.

In this way we can see thekholecules so that 2n electrons of n radiate to 4(m+1) protons,
because d> cfor electrons, while the two protons of one;kholecule radiate to two electrons of
them, because of gk for this two protons.

To support this idea we can turn to the Planck distribution law, that is equal with theq@Bose
Einstein statistics.



Spontaneously broken symmetry in the Planck distribution law
The Planck distribution law is temperature dependent and it should beldaaly and globally. |
think that Einstein's energgnatter equivalence means some kind of existence of electromagnetic

oscillations enabled by the temperature, creating the different matter formulas, atoms molecules,
crystals, dark matter and energy.

MaxPlanck found for the black body radiation

As a function of wavelengthe), Planck's law is written as:
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