Listening to the QuantumVacuum

Since: the historic finding of gravitational waves from two black holes/ colliding over/ahillion
light years away was:made ini2015; physicists areadvancing knowledge abouirtties lon the
precision of.the:measurements that will-help: improve-the:next generation of tools and
technology:used by gravitational wave scientisf31]

Physicists in the United: States, Austria.and;Brazil have shown that shaking ultracold-Bose
Einstein.condensates/(BECs) can causethem to-either divide into,;uniform.segments:or-shatter
into unpredictable ssplinters; depeting on the/frequency of the shakin@0]

In terms of physics, the interiors of neutron stars, cold atomic gasses:and nuclear systems all
have one thing/in common: they are games systems:made up of highly interactive; superfluid
fermions./[29]

Engineersat MIT and /Penn State University:hayve found that under the right conditions; ordinary
clear water droplets on:atransparent: surface; can produce/brilliant colors; without the addition
of inks or dyes[28]

A miniature prison/for;photons-that is the nanocaity discovered by scientists of the
University .of Twente/ [27]

Topological-effects; such as those found in:crystals whose surfaces conduct electricity
while their bulk does:not; have-been an exciting topic of physesgarchiin recentyears
and were the sbject of the 2016\Nobel/Prize inmphysi¢36]

A team of scientists led by Dr. Eleftherios Goulielmakis, head of the research group
"Attoelectronics" at the Max Planck Institute of Quantum Optics, have been able to
capture the dynamic®f coreexcitons insolids in realtime. [25]

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

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

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

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



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

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

Physicists at MIT have now cooled a gas of potassium atoms to several nanokeusis
a hair above absolute zero and trapped theatoms within a two-dimensional 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]

Researchers have created quantum states of ligiiose noise levelhO AAAT OONOAAUAA
to a record low. [18]
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rotate like an electron around a magnetic field. [17]

Physicists from Trinity College Dublin's School of Rbysnd the CRANMS#titute,

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 intentes 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
guantum communication, whib harnesses the stile 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 veosi of a frequencyanverter, using technology
similar to that used to make computer chips. [14]

Harnessing the power of the sun and creating ligh#rvesting or lightsensing devices
requires a material that both absorbs light efficiently and converts teergy to highly
mobile electrical current. Finding the ideal mix of properties in a single material is a
challenge, so scientists have been experimenting with ways to combine different
materials to create "hybrids" with enhanced features. [13]

Condensednatter physicistsoften turn to particle-like entities called quasiparticles

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

from the California Institute of Technology in Pasadena and colleagues report the

theoretical corcept of the topolog AAT BT 1 AOEOQOET T h 1 Olight O i1 1 AOEOT
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 with@hanging shape, a

result of a nonlinear interaction that compensates for wave packet dispersion. Individual
solitons may collide, but a defining feature is that they pass through one anotiner a
emerge from the collision unaltered in shape, amplitude vefocity, but with a new
trajectory reflecting a discontinuous jump.

Working with colleagues at the HarvardMIT Center for Ultracold Atoms, a group led by
Harvard Professor of Physics Mikhail Lukin and MIT Professor of Physics Vladan Vuletic
have managedo coax photons into binding together to form molecules state of

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

New ideas for interactions and particles: This paper examines the ipdig to origin the
Spontaneously Broken Symmetries from the Pland&tiibution Law. This way we get a
Unification of the Strong, Electromagnetic, and Weak Interactions from the interference
occurrences of oscillators. Understanding that the relativistnass change is the result

of the magnetic induction we arrive to theonclusion that the Gravitational Force is also
based on the electromagnetic forces, getting a Unified Relativistic Quantum Theory of all
4 Interactions.
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Listening to the quantum vacuum: Physicists measure quantum 'back

action' in the audio band at room temperatur e

Since the historic finding of gravitational waves from two black holes colliding over a billion light years away
was made in 2015, physicists are advancing knowledge aboutitis bn the precision of the

measurements that will help improve the next generation of tools and technology used by gravitational
wave scientists.

LSU Department of Physics & Astronomy Associate Professor Thomas Corbitt and his team of researchers
now present the first broadband, offesonance measurement of quantum radiation pressure noise in the
audio band, at frequencies relevant to gravitational wave detectors, as reported today in the scientific
journalNature The research was supported by the NatibScience Foundation, or NSF, and the results

hint at methods to improve the sensitivity of gravitatiornedve detectors by developing techniques to

mitigate the imprecision in measurements called "back action,” thus increasing the chances of detecting
gravitational waves.

Corbitt and researchers have developed physical devices that make it possible to obaedvieear
gquantum effects at room temperature. It is often easier to measure quantum effettgery cold

temperatures, while this approach brings them closer to human experience. Housed in miniature models of
detectors like LIGO, or the Laser Interferometer Gravitatidfal/e Observatory, located in Livingston, La.,
and Hanford, Wash., these dees consist of lovoss, singlerystal micreresonatorgs each a tiny mirror

pad the size of a pin prick, suspended from a cantilevéasér beam is directed at one of these mirrors,

and as the beam is refcted, the fluctuating radiation pressure is enough to bend the cantilever structure,
causing the mirror pad to vibrate, which creates noise.



https://phys.org/tags/quantum+effects/
https://phys.org/tags/laser+beam/
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2019/1-listeningtot.jpg

Louisiana State University Department of Physics & Astronomy Associate Professor Thomas Corbitt and his
team of researchers now present the first broadband;refonance measurement of gatum radiation
pressure noise in the audio band,>atore

Gravitational wave interferometers use as muckelapower as possible in order to minimize the

uncertainty caused by the measurement of discrete photons and to maximize the-gigmaike ratio.

These higher power beams increase position accuracy but also increase back action, which is the
uncertaintyin the number of photons reflecting from a mirror that corresponds to a fluctuating force due to
radiation pressure on the mirror, causing mechanical motion. Other types of noise, such as thermal noise,
usually dominate over quantum radiation pressure eoisut Corbitt and his team, including collaborators

at MIT, have sorted through them. Advanced LIGO and other second and third generation interferometers
will be limited by quantum radiation pressure noise at low frequencies when running at their éull las
power. Corbitt's paper ilNatureoffers clues as to how researchers can work around this when
measuringgravitational waves.

"Given the imperative for more sensitive gravitational wave detectors, it is important to study the effects of
guantum radiation pressure noise in a system similar to Advanced LIGO, which will be limited by
guantumradiation pressure noise across a wide range of frequencies far from the mechanical resonance
frequency of the test mass suspension,” Corbitt said.

Corbitt's former academic advisee and lead author offa¢ure paper, Jonathan Cripe, graated from
LSU with a Ph.D. in physics last year and is now a postdoctoral research fellow at the National Institute of
Standards and Technology:

Louisiana State University Department of Physics & Astronomy Associatederoféomas Corbitt and his
team of researchers now present the first broadbands;refonance measurement of quantum radiation
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pressure noise in the audio band,amore"Dayto-day at LSU, as | was doing the background work of
designing this experiment and the mienairrors and placing all of the optics on the table, | didn't really
think about the impact of th future results," Cripe said. "l just focused on each individual step and took
things one day at a time. [But] now that we have completed the experiment, it really is amazing to step
back and think about the fact that quantum mechanic®mething that seem otherworldly and removed
from the daily human experienteis the main driver of the motion of a mirror that is visible to the human
eye. The quantum vacuum, or 'nothingness,' can have an effect on something you ¢an see.

Pedro Marronetti, a physicist afISF program director, notes that it can be tricky to test new ideas for
improving gravitational wave detectors, especially when reducing noise that can only be measured in a full
scale interferometer:

"This breakthrough opens new opportunities for testmgjse reduction,” he said. The relative simplicity of
the approach makes it accessible by a wide range of research groups, potentially increasing participation
from the broader scientific community in gravitational wave astrophysj84]’

Matter waves and qu antum splinters

Physicists in the United States, Austria and Brazil have shown that shaking ultracekirtsm

condensates (BECs) can cause them to either divide into uniform segments or shatter into unpredictable
splinters, depending on the frequepof the shaking.

"It's remarkable that the samguantum system can give rise to such different phenomena," said Rice
University physicist Randy Hulet-aathor of a study about the work published omitoday in the
journalPhysical Review. Kulet's lab conducted the study's experiments using lithium BECs, tiny clouds of
ultracold atoms that march in lockstep as if they are a single entity, or matter wave. "The relationship
between these states candeh us a great dd about complex quantum martyody phenomena.”

The research was conducted in collaboration with physicists at Austria's Vienna University of Technology
(TU Wien) and Brazil's University of Sdo Paulo at Sdo Carlos.

The experiments harken tdichael Faradag' 1831 discovery that patterns of ripples were created on the
surface of a fluid in a bucket that was shaken vertically at certain critical frequencies. The patterns, known
as Faraday waves, are similar to resonant modes created on druislzeal vibratinglates.

To investigate Faraday waves, the team confined BECs to a linedimeesional waveguide, resulting in a
cigarshaped BEC. The researchers then shook the BECs using a weak, slowly oscillating magnetic field to
modulate the strenth of interactiors between atoms in the 1D waveguide. The Faraday pattern emerged
when the frequency of modulation was tuned near a collective mode resonance.

But the team also noticed something unexpected: When the modulation was strong and the frequascy
far below a Braday resonance, the BEC broke into "grains" of varying size. Rice research scientist Jason
Nguyen, lead cauthor of the study, found the grain sizes were broadly distributed and persisted for times
even longer than the modulation time.


https://phys.org/news/2019-03-quantum-behavior-room-temperature-visible.html?utm_source=menu&utm_medium=link&utm_campaign=item-menu
https://phys.org/tags/quantum+system/

"Granulation is gually a random process that is observed in solids such as breaking glass, or the pulverizing
of a stone into grains of different sizes," said studyaathor Axel Lode, who holds joint appointments at
both TU Wien and the Wolfgang Pauktitute at the University of Vienna.

Images of the quantum state of the BEC were identical in each Faraday wave experiment. But in the
granulation experiments the pictures looked completely different each time, even though the experiments
were performed mder identical caditions.

Lode said the variation in the granulation experiments arose fgoantum correlationst complicated
relationships between quantum particles that are difficult to descrihematically.

"A theoretical description of the observations proved challenging because standard approaches were
unable to reproduce the observations, particularly the broad distribution of grain sizes," Lode said. His team
helped interpret theexperimental results using a sophisticated theoretical method, and its

implementation in software, which accounted for quantum fluctuations and correlations that typical

theories do not address.

Hulet, Rte's Fayez SarafiProfessor of Physics and Astronomy, and a member of the Rice Center for
Quantum Materials (RCQM), said the results have important implications for investigations of turbulence
in guantum fluids, an unsolvegroblem in physicq30]

New simulation methods to visualise quantum effects in superfluid

fermions

What exactly happens inside neutron starthe final stage of a giant staris subject to speculation. In

terms of physics, the interie of neutron stars, cold atomic gasses andlear systems all have one thing in
common: they are gaseous systems made up of highly interactive, superfluid fermions. Researchers fed the
supercomputer Piz Daint with a new simulation method, and the reauvdtsinally offering insight into
unknownprocesses of such systems.

Neutron stars, cold atomic gasses andtlear systems are all gaseous systems made up of highly
interactive,superfluid fermions, i.e. systems whose matter is made up of particles withihi§er spin
(intrinsic angular momentum). The category of fermions includes electrons, protons and neutrons. At very
low temperatures, these systes are described as superfluid, meaningttie particles in them do not
generate any internal friction whatsoever and possess the property of almost perfect thermal conductivity.

These superfluid Fermi gases do not behave according to the laws ofallabsisics, but rather can be

better descd SR dza Ay 3 GKS €164 2F ljdzk yidzy YSOKIyAOad DI o

Warsaw University of Technology and the University of Washington in Seattle, and his team have recently
developed a new methoHased on density functional theory (DFW)ith the help of the supercomputer Piz
Daint, they are aiming to create a highly precise description of these superfluid fermion systems and their
dynamics. In other words, they will describe how vortices formdeawhy in this "atomic cloud.” The results
were published ifPhysical Review Letters

Similar to a folk dance party
In superfluid Fermi gases, individual fermions and correlated fermions occur alongside each other. From
correlations between particles withpposite spins, superconducting propertigsmaterials emerge.


https://phys.org/tags/quantum+correlations/
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https://phys.org/tags/superfluid/

Correlated fermions, like electrons in superconductors, exist in pairs as a condensate and are called Cooper
pairs. Each pair can move through the system without energy loss. However, folyemmsyit has been

investigated what happenin spirimbalanced cases, because not every particle can find a partner with

opposite spin to form the Cooper pair. "The situation is similar to a folk dance party, where the numbers of

men and women are imbalaed, someone would be frustrated as he/stenot form a pair," says
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The shapes represent the various vortices that the researchers discovered forming iriratsgdenced
atomic cloud. Credit: Gabrielt | T 02 6&71 A

An accurate description of superfluid Fermi gases, especially ofrspalanced systems, has previously
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says. The target of the reseduer now igo apply DFT formalism to neutron stars as well as to magnetars

neutron stars with a strong magnetic fietdor predicting what happens inside. "Clearly, there is no way to

probe explicitly interiors of stars. Thus, we need to rely on sitimuns, for which we need reliable tools,"

2t 1026a1A aleéead ¢KSNBEF2NBX NBaSFNOKSNER 6SNB &SI N
similarities with the target system. "It turns out that strongly interacting uttcdd atomic gases are very

similar to neuron matter."

For their numerical experiments, the researchers used the most complete quantum theoretical description
currently available for manipody systems to describe this type of system. This enabled them to produce a

more indepth DFT thery for supefluid systems. They also combined it with a special {ttapendent

superfluid local density approximation for a unitary spitbalanced Fermi gas. "Without approximation,
superconducting DFT will lead to integitifferentional equations thate beyond rach even for exascale
ddzLISND2 YLz SNE=ShH 2t 1026a1A aléead 2AGK GKSAN OdzNNJ
that this approximation is working very well in the considered systems.
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Correlation between simulation and experiment

"By creatinga visualisation of the calculations and comparing these images with photos from experiments,
S 6SNB 6fS (2 20aSNBS GKSAS ljdza yiadzy YSOKIF YyAOI f
theoretical and experimental results yielded excellent cotietss.” This allowed the researchers to offer

up proof that their new method for calculating the behaviour of such systems works. The next step will be
for them to apply the method to processes that will never be visible to the naked eye, such as those

insde neutron stars.

Another important finding came from the researchers' observations of three different vortex decay patterns
in the superfluids. According to the researchers, the various decay patsgadigure) depend on the spin
polarization of the particles of the system. They also say that the polarization is caused by the sucking effect
of the unpaired particles in the superfluid gas. In other words: nature tries to collect unpaired particles in
regions, where they do not hinder the flow. Cores of quantized vortices are such places, and polarization of
the different vortices should then prevent them from bonding again, or so the researchers predict. They
therefore assume that polarization effediave a considerable influence on quantum phenomena and will

lead to new, yeto-be-discovered areas of physics. "However, just to show that we reproduce some data is
notenoughcOlF'y ¢S LINBRAOG &d42YSUKAYy3 0O2YLX SiSthenexy S6KbhX
important barrier to overcome will be to find out if the method has predictive power.

This kind of highly complex problem requires enormous computing power. Technically, the researchers
solve hundreds of thousands of tintkependent nonlinear codpd 3-D Partial Differential Equations (PDES).
For this reason, the authors of the study submitted a request for computing time to the Partnership for
Advanced Computing in Europe (PRACE) and were granted access to use Piz Daint at CSCS, because,
accordingo the authors, in Europe only Piz Daint can handle this type of calculgt®js.

Engineers make clear droplets produce iridescent colors
Engineers at MIT and Penn State University have found that under the right conditions, ordinary clear water
droplets on a transparent surface can produce brilliant colors, without the addition of inks or dyes.

In a paper published today Mature, the team reports that a surface covered in a fine mist of transparent
droplets and lit with a single lamp should prodwcérightcolor if each tiny droplet is precisely the same
size.

This iridescent effect is due tgtfuctural color," by which an object generates color gilydue to the
way light interacts with its geometric structure. The effect may explain certain iridescent phenomena, such
as the colorful condensation on a plastic dish or inside a water bottle.

The researchersave developed a model that predicts the color a droplet will produce, given specific
structural and optical conditions. The model could be used as a design guide to produce, for example,
droplet-based litmus tests, or colahanging powders and inks inakeup products.

"Synthetic dyes used in consumer products to create bright colors might not be as healthy as they should
be," says Mathias Kolle, assistant professor of mechanical engineering at MIT. "As some of these dyes are
more strongly regulated, congmies are asking, can we use structural colors to replace potentially

unhealthy dyes? Thanks to the careful observations by Amy Goodling and Lauren Zarzar at Penn State and
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to Sara's modeling, which brought this effect and its physical explanation totlighé might be an
answer."

Sara Nagelberg of MIT, along with lead author Goodling, Zarzar, and others from Penn State, are Kolle's co
authors on the paper.

Follow the rainbow

Last year, Zarzar and Goodling were studying transparent droplet emulsionsfroada mixture of oils of
different density. They were observing the droplets' interactions in a clear Petri dish, when they noticed the
drops appeared surprisingly blue. They took a photo and sent it off to Kolle with a question: Why is there
color here?

v)v

00

Structural color from clear water droplets. Microscale water droplets condensed onto a clear plastic sheet
reflect different bright colors based on their size. Credit: Zarzar laboratory, Penn State

Initially, Kolle thought the color might be due to thfect that causes rainbows, in which sunlight is

redirected by rain drops and individual colors are separated into different directions. In physics, Mie
scattering theory is used to describe the way spheres such as raindrops scatter a plane of eleatimmagn
waves, such as incoming sunlight. But the droplets that Zarzar and Goodling observed were not spheres, but
rather, hemispheres or domes on a flat surface.

"Initially we followed this rainbovcausing effect,” says Nagelberg, who headed up the modeffog to
try to explain the effect. "But it turned out to be something quite different.”

She noted that the team's hemispherical droplets broke symmetry, meaning they were not perfect
spheres a seemingly obvious fact but nevertheless an important oné, mgant that light should behave


https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2019/1-iridescentco.jpg

differently in hemispheres versus spheres. Specifically, the concave surface of a hemisphere allows an
optical effect that is not possible in perfect spheres: total internal reflection, or TIR.

Total internal reflection is phenomenon in which light strikes an interface between a high refractive index
medium (water, for instance) to a lower refractive index medium (such as air) at a high angle such that 100
percent of that light is reflected. This is the effect that allaptical fibers to carry light for kilometers with

low loss. When light enters a single droplet, it is reflected by TIR along its concave interface.

In fact, once light makes its way into a droplet, Nagelberg found that it can take different paths, lgpuncin
two, three, or more times before exiting at another angle. The way light rays add up as they exit determines
whether a droplet will produce color or not.

An image of a penguin reflected from oil in water droplets; images of each type of dropletirefliet
blue and green light are shown. The penguin is made by using a light responsive surfactant and
photopatterning the droplet shape. Credit: Zarzar laboratory, Penn State

For example, two rays of white light, containing all visible wavelengths ¢f éigtering at the same angle

and exiting at the same angle, could take entirely different paths within a droplet. If one ray bounces three
times, it has a longer path than a ray that bounces twice, so that it lags behind slightly before exiting the
droplet. If this phase lag results in the two rays' waves being in phase (meaning the waves' troughs and
crests are aligned), the color corresponding to that wavelength will be visible. This interference effect,
which ultimately produces color in otherwise cletioplets, is much stronger in small rather than large
droplets.

"When there is interference, it's like kids making waves in a pool," Kajie "If they do whatever they

want, there's no constructive adding up of effort, and just a lot of mess in the ppcandom wave

patterns. But if they all push and pull together, you get a big wave. It's the same here: If you get waves in
phase comig out, you get more intensity of color."

A carpet of color
The color that droplets produce also depends on structooalditions, such as the size and curvature of the
droplets, along with the droplet's refractive indices.



Nagelberg incorporated all thegmrameters into a mathematical model to predict the colors that droplets
would produce under certain structural angtical conditions. Zarzar and Goodling then tested the model's
predictions against actual droplets they produced in the lab.

First, the tean optimized their initial experiment, creating droplet emulsions, the sizes of which they could
precisely control usig a microfluidic device. They produced, as Kolle describes, a "carpet" of droplets of the
exact same size, in a clear Petri dish, whigytiluminated with a single, fixed white light. They then

recorded the droplets with a camera that circled around tlish, and observed that the droplets exhibited
brilliant colors that shifted as the camera circled around. This demonstrated how the anghich light is

seen to enter the droplet affects the droplet's color.

The team also produced droplets of vari@i®es on a single film and observed that from a single viewing
direction, the color would shift redder as the droplet size increased tlaga would loop back to blue and
cycle through again. This makes sense according to the model, as larger droplietgivedight more

room to bounce, creating longer paths and larger phase lags.

To demonstrate the importance of curvature in a droplettoc, the team produced water condensation on

a transparent film that was treated with a hydrophobic (watepelling solution, with the droplets forming

the shape of an elephant. The hydrophobic parts created more concave droplets, whereas the rest of th
film created shallower droplets. Light could more easily bounce around in the concave droplets, compared
to the shdlow droplets. The result was a very colorful elephant pattern against a black background.

In addition to liquid droplets, the researche3€D-printed tiny, solid caps and domes from various
transparent, polymetbased materials, and observed a similar cieffect in these solid particles, that
could be predicted by the team's model.

Kolle expects that the model may be used to desigiplets and particles for an array of colohanging
applications.

"Theres a complex parameter space you can play with,” Kolle says. "You can tailor a droplet's size,
morphology, and observation conditions teeate the color you want.[28]

Putting photons in jail

A miniature prison for photortsthat is the nanocavity disceved by scientists of the University of Twente.
It is an extremely small cavity surrounded by an optical crystal, a structure of poresl étctwo
perpendicular directions. Confining photons in thiB Zavity may lead to tiny and efficient lasers anbB4,E
storage of information or ultrasensitive light sensors. The results are publishi®d/gical Review, Bne of
the journals of the Amécan Physical Society.

Techniques for trapping light are at the basics of photonics. Akmellvn cavity consists of two mirrors
between which atanding wave will be formed of a certain colour of light, depending on the distance
between the mirrors. This is the working eiple of a laser. But light that is leaking sideways will never be
reflected again. Is it possible to trap a photon inside a tkdgeensonal ‘prison cell' surrounded by

mirrors? It is indeed, the UT researchers now demonstrate. The mirrors, in thisacasermed by a three
dimensionalphotonic crystal, consisting of pores that have beenhetd deeply into silicon in two

directions, perpendicular to each other.
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Photonic crystal are known for their veryesyial light properties. The structure and periodicity of the pores
allow only light of certain wavelengths to propagate inside the cryBiathow do you create a cavity for
trapping a photon in a structure like this? In their new paper, the UT researchemw that this is possible

by deliberately changing the diameter of two pores. At their crossing point, an irregularity or defect forms
inside the crystal. This tiny cavity is surrounded by the periodic crystal structure, forcing the photon back
into the cavity. There simply is no escape. "Our calculations show that in this tiny volume of the cavity, the
optical energy is enhanced by up2@l00 times compared to the outside of the crystal. This is a very large
enhancement, given the small dimensions,ys®r. Devashish, the lead author of the paper.

Lightweight

By altering the periodic structure locally, the crystal also shows consideabbteption of visible light, up

to ten times the absorption of bulk silicon. "This strong absorption, in a verydiloyne, is a great property
for new sensors. Thanks to the high density of pores, the crystal is very lightwewghalso call this
'holeyness™, Prof Willem Vos says. He is the Complex Photonics Systems group leader at UT's MESA+
Institute.

In earlierpublications, the group showed that diamalikke photonic crystals can reflect a gry broad range
of colours oflight for all angles: these results led tioe new discovery now presented. In the coming
generations of photonic integrated circuits (PICs), the nanocavities are expected tonpdggraole in the
treatment of optical signals, in information storage or quantphotonic devices.

The research was done by the Complex Photonic Systems group, together with the Mathematics of
Compuational Science group, both of UT's MESA+ Institute.

The paper "Threglimensional photonic band gap cavity with fensupport: enhanced energy density and
optical absorption” appeared iRhysical Review, Bebruary 2019 editiori27]

New exotic phenomena seen in photonic crystals

Topological effects, such as those found in crystals whose surfaces conduct elaehiletsheir bulk does

not, have been an exciting topic of physics research in recent years and were the subjectGifGHéabel

Prize in physics. Now, a team of researchers at MIT and elsewhere has found novel topological phenomena
in a different classfosystems open systems, where energy or material can enter or be emitted, as

opposed to closed systems with no such exae with the outside.

This could open up some new realms of basic physics research, the team says, and might ultimately lead to
new kirds of lasers and other technologies.

The results are being reported this week in the jouBeiencein a paper by reae MIT graduate Hengyun

"Harry" Zhou, MIT visiting scholar Chao Peng (a professor at Peking University), MIT graduate student
Yoseob Yoz NBOSyid alL¢ 3INYRdz iSa .2 %KSYy FyR [/ KAF 2SA
Wright Davis Professor of &ics John Joannopoulos, the Haslam and Dewey Professor of Chemistry Keith
Nelson, and the Lawrence C. and Sarah W. Biedenharn Caneglopraent Assistant Professor Liang Fu.
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physics terms, these are known as Adarmitian systems were not studied much in experimental work.
The complgities involved in measuring or analygiphenomena in which energy or matter can be added or
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lost through radiation generally make these systems more difficult to study and analyze in a controlled
fashion.

But in this work, the team used a method that negithese open systems accessible, and fevend

interesting topological properties in these néfermitian systems,"” Zhou says. In particular, they found two
specific kinds of effects that are distinctive topological signatures ofHemmitian systems. Ongf these is

a kind of band feature thesefer to as a bulk Fermi arc, and the other is an unusual kind of changing
polarization, or orientation of light waves, emitted by the photonic crystal used for the study.

Photonic crystals are materials in whicHibils of very precisely shaped and ottieh tiny holes are made,
causing light to interact in unusual ways with the material. Such crystals have been actively studied for the
exotic interactions they induce between light and matter, which hold the potéfdianew kinds of light

based computingystems or lightmitting devices. But while much of this research has been done using
closed, Hermitian systems, most of the potential reakld applications involve open systems, so the new
observations made byhts team could open up whole new aredg@search, the researchers say.

Fermi arcs, one of the unique phenomena the team found, defy the common intuition that energy contours
are necessarily closed curves. They have been observed before in closed sgatem#)ose systems they
always form o the two-dimensional surfaces of a threamensional system. In the new work, for the first
time, the researchers found a Fermi arc that resides in the bulk of a system. This bulk Fermi arc connects
two points in the emission directions, which are knows @xceptional points another characteristic of

open topological systems.

The other phenomenon they observed consists of a field of light in which the polarization changes
according to the emission direction, gradydtbrming a halwist as one follows th direction along a loop
and returns back to the starting point. "As you go around this crystal, the polarization of the light actually
flips," Zhou says.

This haHtwist is analogous to a Mébius strip, he explainsyhich a strip of paper is twisted alfrturn
before connecting it to its other end, creating a band that has only one side. This Mi&bitwist in light
polarization, Zhen says, could in theory lead to new ways of increasing the amount of datautlibbe
sent through fiberoptic links.

CKS yS¢ 62N] Ad bYzadte 2F A0ASYGAFAO AYyGaSNBadz NJ
we have this very interesting technique to probe the properties of-he@nmitian systems." But there édso

a possibility that the work may uthately lead to new devices, including new kinds of lasers or light

emitting devices, they say.

The new findings were made possibledaylier research by many of the same team members, in which
they found a way to use light scattered from a photonic crystal to produce direct images that reveal the
energy contours of the material, rather than having to calculate those contours indirectly.

"We had a hunch"tht suchhalii 6 A a0 o0 SKI GA2NJ ¢l & LI2aaAroftsS | yR 0O2d
but actually finding it required "quite a bit of searching to figure out, how do we make it happen?"

"Perhaps the most ingenious aspect of this work is that the anstlise the fact that their system must
necessarily lose photons, which is usually an obstacle and annoyance, to access new topological physics,"
says Mikael Rechtsman, an assistant professor of physics at Pennsylvania State University who was not
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that likely would not have been possible." In other words, he says, the technique they developed "gave
them access to-D physics that would have been conviemially thought impossible." [26]

Ultrafast snapshots of relaxing electrons in solids

When xrays shine onto solid materials or large molecules, an electron is pushed away from its
original place near the nucleus of the atom, leaving a hole behind lemg time, scientists have
suspected that the liberated electron and the positively charged hole form a new kind of
guasiparticle known as 'coreexciton'. But so far, there has not yet been a real proof of its
existence. Scientists have a wide rangeools to track excitons in semiconductors in réale.
Those are generated by ordinary light, and can be employed in various applications in
optoelectronics and microelectronics. On the contrary, eexeitons are extremely shalived,

and up to now, naechnigue was available to track their motion and deduce their properties.

A team of scientists led by Dr. Eleftherios Goulielmakis, head of the research group
"Attoelectronics" at the Max Planck Institute of Quantum Optics, have been able to capture the
dynamics of coreexcitons in solids in rale. Using flashes ofpay radiation lasting only few
hundred attoseconds (1 attosecond = 0.000000000000000001 seconds) followed by optical light
flashes of similar duration

(a tool developed by the group lagtar) the scientists obtain an ultrafast camera which allowed
them to take snapshots of the shelived excitons in silicon dioxide for the first time. The work is
published in this week's issue of the Science magazine.

"Coreexcitons live for a very shiotime because their interactions with other particles in the solid
quickly stops their motion," said Antoine Moulet, leading author in this work. "In quantum
mechanics we say that the exciton loses its coherence," he adds.

A key tool to track the dynanmsof coreexcitons has been the development of attosecond light
flashes in the optical range. The work was published by the Attoelectronics group last year.

"In our experiment we use-ray flashes to light up corexcitons in solids, whereas the optical
attosecond pulses provide the possibility to resolve this motion intiead,” says Julien Bertrand,

a former researcher in the group of Goulielmakis, at present assistant professor at Laval University,
Canada. "The combination of both allowed us to taka&pshots of the motion of corexcitons

which lived for approximately 750 attoseconds."

But the study was not limited to capturing these fleeting motions inside solids. "We were able to
acquire quantitative information about the properties of ceggcitors such as their miniature
dimension which were merely bigger than that of a single atom, or how easily they are polarized by
visible light," says Goulielmakis. "Our technique advances excitonics, i.e. the measurement, the
control and the application of ekons in the xray regime. But at the same time, it is a general tool

for studying ultrafast xay initiated processes in solids on their natural time scales. Such a
capability has never before been possible-rayx science.”



The team now envisages apliions of their technique for studying ultrafast processes at
interfaces of solids, and new routes to realize ultrafast switches-fay xadiation based on optical
light fields. "With xray free electron lasers rapidly proliferating around the worla ¢apability of
controlling xrays with visible light becomes increasingly important,” says Goulielmakis. [25]

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

signal processing

The world of nanosensors may be physically small, litiemand is large and growing, with little
sign of slowing. As electronic devices get smaller, their ability to provide precisdadag
sensing of dynamic physical properties such as motion become challenging to develop.

An international group of reggchers have put a literal twist on this challenge, demonstrating a

new nanoscale optomechanical resonator that can detect torsional motion at neardtite-art
sensitivity. Their resonator, into which they couple ligtépademonstrates torsional fogiency

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 androbmorsional 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 Ingtite of Microelectronics, A*BAR 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 beersead in somewhat similar ways tletect 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 nanoscale torques, but asmiegrated
light-coupling asign.

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 racetrack cavity,
in which the nanoresnator sits.

"As light is copled 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 detecting the small variation of quit light, the torsional motias 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 frequency of the mechanical system
mixes with the modulated opticalignals.

"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 demonstrated by
flexural or breathingnodes before. This is the $irdemonstration of torsional frequency mixing,
which may have implications for exhip RF signal modulation, such as stipeterodyne receivers
using optical mechanical resonators."



This is just the start for potential usestorque-based nanosensorshe&oretically, 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 optomechanical sensor and try to
demonstrate novel phenomena, sln 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 surface of torsional beamsge senall variations of
physial 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 joint research project, sciertisfrom the Max Born Institutéor 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 laboratory experiment using a
highintensity laser source. Preuisly, the structural analysis of these extremely small objects via
singleshot diffraction was only possible at lasggmle research facilities using-called XUV and-x
ray free electron lasers. Their pathbreaking resultdifaté the highlyefficient claracterisation 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 junior researcher Dr
Daniela Rupp whoatried out the project at TUdlin 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 turns into a superfluid state and forms a beam of
freely flyingminiscule nanodroplets. "We sent ultsinort XUV pulses omthese tiny droplets and
captured snapshots of these objects by recording the scattered laser light on aataaeetector
to reconstruct the droplet shape,” explains Dr Daniela Rupp.

"Key tothe successful experiment were the higtiensity XUV pulsegenerated in MBI's laser lab
that produce detailed scattering patterns with just one single shot," explains Dr Arnaud Rouzée
from MBI. "By using the scalled wideangle mode that provides accetssthe threedimensional
morphology, we could identify hiterto unobserved shapes of the superfluid droplets," adds
Professor Thomas Fennel from MBI and the University of Rostock. The research team's results
enable a new class of metrology for analysimg structure and optical properties of small
particles. Thaks to stateof-the-art laser light sources, making images of the tiniest pieces of
matter is no longer exclusive to the largeale research facilities. [23]

Single molecular layer and thin silic on beam enable nanolaser

operation at room temperature

Forthe first time, researchers have built a nanolaser that uses only a single molecular layer, placed
on a thin silicon beam, which operates at room temperature. The new device, developed by a team
of researchers from Arizona State University and Tsinghuxetsity, Beijing, China, could

potentially be used to send information between different points on a single computer chip. The
lasers also may be useful for other sensing applications in a compggrated format.



"This is the first demonstration obom-temperature operation of a nanolaser made of the
singlelayer material,” said Cutheng Ning, an ASU electrical engineering professor who led the
research team. Details of the new laser are si#d in the July online edition of Nature
Nanotechnology.

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

Ning sid pivotal to the new development is use of materials that can be laid down in single layers
and efficiently amplify light (lasing action). Single layer nanolasers have been developed before,
but they all had to be cooled to low temperatures using a ceyolike liquid nitrogen or liquid

helium. Being able to operate at room temperatures (~77 F) opens up many possibilities for uses of
these new lasers," Ning said.

The joint ASt'singhua researcteam 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 manufacturing and one of the best waveguide materials,
the researchers were able to achieve lasing action without cgolNing said.

A laser needs two key pieces gain medium that produces and amplifies photons, and a cavity
that confines or traps photons. While such materials choices are easy for large tlasgtsecome

more difficult at nanometer scales for nanolasers. Nanolaaegsmaller than 100th of the

thickness of the human hair and are expected to play important roles in future computer chips and
a variety of light detection and sensing devices.

The choice of twedimensional materials and the silicon waveguide enabledrésearchers to

achieve room temperature operation. Excitons in molybdenum telluride emit in a wavelength that

is transparent to silicon, making silicon possible as a waveguiderity cnaterial. Precise

fabrication of the nanobeam cavity with an arraylmles etched and the integration of two
dimensional monolayer materials was also key to the project. Excitons in such monolayer materials
are 100 times stronger than those in comtienal semiconductors, allowing efficient light emission

at room temperatire.

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

"A laser technology that carism be made on Silicon has been a dream for researchers for
decades," saitlling. "This technology will eventually allow people to put both electronics and
photonics on the same silicon platform, greatly simplifying manufacture."

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

The new monolayer materials combined with Silicon eliminate challenyesuatered when
combining with thicker, dissimilar materials. And, because thisgilison material is only a single
layer thick, it is flexible and less likely to crack under strascording to Ning.



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

Computer chip technology repurposed for ma king reflective

nanostructures

A team of engineers at Caltech has diseedenow to use computechip manufacturing

technologies to create the kind of reflective materials that make safety vests, running shoes, and
road signs appear shiny in the dark.

Those materials owe their shininess to retroreflection, a property thawvasithem to bounce light
directly back to its source from a wide variety of angles. In contrast, a basic flat mirror will not
bounce light back to its source if that light is comirant any angle other than straight on.

Retroreflectors' ability to returight to where it came from makes them useful for highlighting
objects that need to be seen in dark conditions. For example, if light from a car's headlights shines
on the safety vetsof a construction worker down the road, the vest's retroreflective stripll

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, commionsatith satellites, and
even in experiments to measure the distancelud moon from Earth.

Typically, retroreflectors consist of tiny glass spheres embedded in the surface of reflective paint 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 Ariliaon, assistant
professor of applied physics and materials science in the Division of Engineering and Applied
Science uses surfaces covered by a metamaterial consisting of miltibsiicon pillars, each only

a few hundred nanometers tall. By adjustithg size of the pillars and the spacing between them,
Faraon can manipulate how the surface reflects, refracts, or transmits light. He has already shown
that these materials can bmveaked to create flat lenses for focusing light or to create pilikm
surfaces that spread the light out into its spectrum. Now, he's discovered that he can build a
retroreflector by stacking two layers of the metamaterials atop one another.

In this kind of retroreflector, light first passes through a transparent metamatdaiger

(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 transpamsgrdr], which transmits the light

back to its source.

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

Since Faraon's metamaterialee created using computarhip manufacturing technologies, it
would be possible to easily integrate them into chips used in optoelectronic devatestronics
that use and contrdiight, he says.



"This could have applications in communicating with reene¢nsors, drones, satellites, etc.," he
adds.

Faraon's research appears in a paper in the June 19, 2017, edition of Nature Photonics; the paper is
titted "Planar metasurface retreflector.” Other coauthors are Amir Arbabi, assistant professor of
compute and electrical engineering at the University of Massachusetts Amherst; and Caltech
electrical engineering graduate students Ehsan Arbabi, Yu Horie, and Seyedeh Mahsa Kamali. [21]

Physicists create nanoscale mirror with only 2000 atoms

Mirrors are the gnplest means to manipulate light propagation. Usually, a mirror is a macroscopic
object composed of a very large number of atoms. In the September 23th issue of the Physical
ReviewLetters, Prof. Julien Laurat and his team at Pierre and Marie Curierkltyinie Paris
(Laboratoire Kastler BrosseKB) report that they have realized an efficient mirror consisting of
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 effect first proposed by

William Lawrence Bragg and his father William Hérggg in nystalline 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 2000atoms trapped in the vicinity of the fiber were necessary, while previous
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 ofshvork. Headds, "This is

due to the strong atorphoton coupling and the atom position 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 tle light travels outside the fiber in an evanescent field where it is heavily focused
over the tcm nanofiber length. Using this strong transversal confinement, it is possible to trap

cold cesium atoms near the fiber in wdkfined chains. The trappingrizade withthe

implementation of an alfibered dipole trap. With the use of wethosen pairs of beams, the

researchers generate two chains of trapping potentials around the fiber, in which only one atom
occupies each site. By selecting the correct cabbtbe trap beams, they engineered the distance
between atoms in the chains to be close to half the resonant wavelength of the cesium atoms,
fulfilling the necessary conditions for Bragg reflection.

This setting represents an important step in the emegdield ofwaveguide quantum
electrodynamics, with applications in quantum networks, qguantum nonlinear optics, and quantum
simulation. The technique would allow for novel quantum network capabilities and #oaahy

effects emerging from longange interactbns betwe@ multiple spins, a daunting prospect in free
space.



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

For first time, researchers see individua | atoms ke ep 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 powerful microscopes, you will
see little more than a shadowy blur. Atoms zip around at lightning speeds and are difficult to pin
down at amlent temperatures.

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

Physicists aMIT have now cooled a gas of potassium atoms to several nanokejuistsa hair
above absolute zem and trapped the atoms within a twdimensional sheet of an optical lattice
created by crisscrossing lasers. Using a-hégblution microscope hie researbers took images of
the cooled atoms residing in the lattice.

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

The tam believes that these spatial correlations may shed light on the origins of superconducting
behavior. Superconductors are remarkable materials in which electrons pair up and travel without
friction, meaning that no energy is lost in the journ#dysupeconductors can be designed to exist

at room temperature, they could initiate an entirely new, incredibly efficient era for anything that
relies on electrical power.

Martin Zwierlein, professor of physics and principal investigator at MIT's &t&ér @r Ultracold
Atoms and at its Research Laboratory of Electronics, says his team's results and experimental setup
can help scientists identify ideal conditions for inducing superconductivity.

"Learning from this atomic model, we can understand whetally ging on in these
superconductors, and what one should do to make higbenperature superconductors,
approaching hopefully room temperature,” Zwierlein says.

Zwierlein and his colleagues' results appear in the Sept. 16 issue of the journakS€eauthors
include experimentalists from the Miarvard Center for Ultracold Atoms, MIT's Research
Laboratory of Electronics, and two theory groups from San Jose State University, Ohio State
University, the University of Rio de Janeiro, and Penn Shateersiy.

"Atoms as stand-ins for electrons”
Today, it is impossible to model the behavior of kigimperature superconductors, even using the
most powerful computers in the world, as the interactions between electrons are very strong.



Zwierlein and Is team sought instead to design a "quantum sinid using atoms in a gas as
standins for electrons in a superconducting solid.

The group based its rationale on several historical lines of reasoning: First, in 1925 Austrian
physicist Wolfgang Paulidoulated what is now called the Pauli exclusiompiple, which states
that no two electrons may occupy the same quantum staseich as spin, or positionat the same
time. Pauli also postulated that electrons maintain a certain sphere of personal spaoa) ks
the "Pauli hole.”

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

The ltalian physicist Enrié&rmi soon realized that this same principle cduddapplied not just to
electrons, but also to atoms in a gas: The extent to which atoms like to keep to themselves can
define the properties, such as compressibility, of a gas.

"He also realized these gasat low temperatures would behave in peculiarywd Zwierlein says.

British physicist John Hubbard then incorporated Pauli's principle in a theory that is now known as
the FermiHubbard model, which is the simplest model of interacting atoms, hoppirasa a

lattice. Today, the model is thought to explain the basis f@esconductivity. And while theorists

have been able to use the model to calculate the behavior of superconducting electrons, they have
only been able to do so in situations where tHeatrons interact weakly with each other.

"That's a big reason why wed't understand higitemperature superconductors, where the

electrons are very strongly interacting,” Zwierlein says. "There's no classical computer in the world
that can calculate whawill happen at very low temperatures to interacting [electrons]. Their

spatial correlations have also never been observed in situ, because no one has a microscope to
look at every single electron."

Carving out personal space

Zwierlein's team sought tdesign an experiment to realize the Fesrhibbard model with atoms,
in hopes of seeing behavior of ultracold atoms analogous to that of electrons indrigberature
superconductors.

The group had previously designed an experimental protocol to firstacgak of atoms to near
absolute zero, then trap them in a tadimensioral plane of a lasegenerated lattice. At such

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

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

"They carve out a little space for themselves where #iwnlikely 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 bunched. These atoms
exhibited alternating magnetic orientations.

"These are beautiful, antiferrongaetic correlations, with a checkerboard patterap, down, up,
down," Zwierlein describes.

At the same time, these atoms were found to often hop on top of one another, creating afpair
atoms next to an empty lattice square. This, Zwierlein says, isigrent of a mechanism
proposed for highemperature superconductivity, in which electron pairs resonating between
adjacent lattice sites can zip through the material without frictiiinere 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 us, these effectzor at nanokelvin because we are working with dilute
atomic gases. Ifou 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 gases that are exjuival
hundreds of kelvins in solids. To induce superconductivity, Binesays 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 says. [19]

Researchers have created quantum states of light whose noise level has
AAAT OANOGAAU A OAAT OA 11 x

Squeezed quantum states of light can have better noise properties than those imposed by classical
limits set by shot noise. Such states might help researcherd bmosensitivity of

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

of researchers at the Institute for Gravitational Physics at the Leibniz University of Hanover,
Germany, has now demonstrated a method fousgzing noise to record low levels. The new
approach compatible with thelaser interferometers used in GW detectormay lead to

technologies for upgrading LIGO and similar observatories.

Squeezed light is typically generated in nonlinear crystals, irhvanie pump photon produces two
daughter photons. Because the two photar® generated in the same quantum process, they
exhibit correlations that can be exploited to reduce noise in measuring setups. Quantum squeezing
can, in principle, reduce noise toldtrarily low levels. But in practice, photon losses and detector
noiselimit the maximum achievable squeezing. The previous record was demonstrated by the
Hanover team, who used a scheme featuring amplitude fluctuations that were about a factor of 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 lightjueezing scheme with low optical losses and minimal fluctuatiotieei
phase of the readout scheme. The squeezed states are obtaindibatrim, the laser wavelength
feeding the interferometers of all current GW observatories.



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

Liquid Light with a Whirl
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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 force, is formallequivalent 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 electrons, such asctienfxh
guantum Hall effect. But there is no direct equivalent of magmatfor photons, which are

massless and chargeless. Now, Niclas Westerberg anmdbié@rs at HeriodWatt University, UK,

have shown how to make synthetic magnetic fields for lightyTdeveloped a theory that predicts
how a light beam in a nonlinear optid  YSRA dzY LJdzYLJISR o6& adGsAadsSR
propagates, just as an electron will whirl around in a magnetic field. More than that, the light will
expand as it goes, demonstirgg fluicHike 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, a superfluid (&ifituid

f A3KQG

zero viscosity), goes back at least to the 1990sITiel f 238 O2YSa | o62dzi 06SOF dza S

equations for nearly collimated light in a nonlinear medium look like the Schrédinger equation for
a superfluid of matter, modified to include particle intetans. Fluids of light, or photon fluids,
propagating in blk 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 semiconductoelectrornhole pairs, to make hybrid entities known as pdtar condensates.

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

these impressive advances, it has proven difficult to induce the strong daalkan required for
phenomena such as the quantum Halleeffto 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 unfeasible to reachregime 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 of the fact that dtaves
multiple internal states. These can be used to geteegometric 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 known as a Berry phagdega6a ¢ KSy | d2aidisSvyQa
example, its spinsmoothly 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), even if
the paths hae the same energy. In atomic systems, the variations oé#tternal 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 rotational equivalenhefiector potential for a
magnetic field on a charged paii, inducing strong bulk rotation that shows up as many vortices

in a superfluid Bos€&instein condensate.
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To produce a geometric phase in a fluid of light, Westerberg and colleagues consigler&dth

two coupled internal states a spinor photon fluidThey studied two types of nonlinear media,
with second and third-order optical nonlinearities, respectively. The secamder nonlinearity
comes in the form of mixing of three fields in a bimne§ient crystal, in which one field, the pump
light field, plits into two further fields with orthogonal polarizations, these being the two required
internal states of the spinor fluid. Slow spatial variations of the strong pump field generate a
syntheticvector potential that is equivalent to a magnetic field &ectric 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 spinor photon fluid in this easonsists of weak fluctuations around a strong
light fieldthat carries orbital angular momentum (colloquially known as twisted light). The two
internal states of the fluid are distinguished by their differing orbital angular momentum. The
resulting vecto potential produces synthetic magnetism, much as withgsheondorder

nonlinearity.

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

The authors present numerical simulatidies both types of nonlinearity. For the seccodder

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 expansion shows that the light
is behaing as a fluid in rotation. For the thiatder nonlineamedium 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 extremely rapidly [9], it is notiobs how one could otherwise

make a beam continuously ro@fs it propagates.

2 SAGSNDPSNAE yR O2ffSIF3dzSaQ 62N] YI1S&8 AYLRNIIYDG
nonlinear optics, atomic physics, geometric phases, and light with orbital armgataentum.

Spinor photon fluids in themselves are a newe@epment. The complete state of a photon fluid

its amplitude, phase, and polarizatiortan be mapped out; this is not possible for atoms or
electrons. Some of the authors of the present study hawently experimentally driven photon
fluids past obstaclei;m 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. Furthermoyr¢hey 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 superfluids. Experimental
implementation will surely follow hot on the heels of this prophq17]

Physicists discover a new form of light

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

nature of lght.



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 momentum would be a multiple of
Plancks constant (the physical constant that sets the scale ahtum effects).

Now, recent PhD graduate Kyle Ballantine and Professor Paul Eastham, both from Trinity College
Dublin's School of Physics, along with Professor John Donegan from CRANN, havératetiens

new form of light where the angular momentum ofarephoton (a particle of visible light) takes

only half of this value. This difference, though small, is profound. These results were recently
published in the online journal Science Advances.

Conmenting on their work, Assistant Professor Paul Easthadh $ale'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 even this fundamental property ghti that physicists have always

thought was fixed, can behanged.”

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 light is characterised by its colour or
wavelength and a less familiar quantity known as angulamentum. 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 own axis. So when light from theortiits your eye in the

morning, every photon twists youaye 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 Stefano SanvjtDirector of CRAN| 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 and scienceatike. |

delighted to ace 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 institution almost
200 yeas before. In thel830s, 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 with a slikewstructure.

Analzing 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 device they were tabheeasure the tiw 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 shifhalhef Planck's
constant, in the angular moemtum of each phain.

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 possibilities¢iiding particlesvhose 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 an optical fibeilluminates themetasurface, 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, telecommunications and pharmagypleave in commonEach of these
fields relies on polarimetersinstruments 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 sensitive to fddion, it is adindamental 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 to analyze theirface of distantor 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 used to camnatfon
through the vast network of fiber optic cables. From medical diagnostics tothigh

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

Scientists rely on polarimeters to make these measurements. While ubiquitous, 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 Centelceland have built a polarimeter on a microchip, revolutionizing the design of
this widely usd 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 CapassoRbbert L. Wallace Professor of Applied Physics and
Vinton Hayes Senior Research Fellow in Eted¢tEngineering, who led the research. "Having a
microchip polarimeter will make polarization measurements available for the first time to a much
broader rang of applications, including in energ¥ficient, portable devices."

"Taking advantage of integted circuit technology and nanophotonics, the new device promises
high-performance polarization measurements at a fraction of the cost and size," saidalths&r
Mueller, a graduate student in the Capasso lab and first author of the paper.

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

Capasso's team was able to drastically reduce the complexity andf fizéaometers by building a
two-dimensional metasurfaaea nanoscale structure that interacts with light. The metasurface is
covered with a thin array of metalantennas, smaller than a wavelength of light, embedded in a
polymer film. As light propagatetown an optical fiber and illuminates the array, a small amount
scatters in four directions. Four detectors measure the intensity of the scattered light amoiroe

to give the state of polarization in real time.

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



In telecommunicatias, optical signals propagating through fibers will change their polarization in
random ways. New integrated photonic chips in fiber optic cables are extresap$§itive to
polarization, and if light reaches a chip with the wrong polarization, it can ealess of signal.

"The design of the antenna array make it robust and insensitive to the inaccuracies in the
fabrication process, which is ideal for largelsgaanufacturing,” said Kristjan Leosson, senior
researcher and division manager at the InnogatCenter and coauthor of the paper.

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

Chipbased polarimeters could for the first time provide compresigr and reatime polarization
monitoring, which could boost network performance and security and help providers keep up with
the exploding demand for bandwialt

"This device performs as well as any statghe-art polarimeter on the market but is comlgrably
smaller," said Capasso. "A portable, compact polarimeter could become an important tool for not
only the telecommunications industry but also in drugmaacturing, medical imaging, chemistry,
astronomy, you name it. The applications are endld4&]

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

Converting a single photon from one color, or frequency, to another is an essential toalritugqu
communication, which harnesses the subtle correlations between the subatomic properties of
photons (particles of light) to securely store and transmit information. Scientists at the National
Institute of Standards and Technology (NIST) have nowajesela miniaturized version of a
frequency converter, using technology similar to that used ttkencomputer chips.

The tiny device, which promises to help improve the security and increase the distance over which
nextgeneration guantum communication ggss operate, can be tailored for a wide variety of

uses, enables easy integration with othefoimmation-processing 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 small amount of power and adding a very low level of noise,
namely bakground light not associated with the incoming signal.

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

A much smaller, but still itical, frequency mismatch arises when two quantum systems that are
intended to be identical have small variations in shape and composition. These variatisagioa
systems to generate photons that differ slightly in frequency instead of being exdicagpvhich
the quantum communication network may require.



The new photon frequency converter, an example of nanophotonic engineering, addresses both
issuesQing Li, Marcelo Davanco and Kartik Srinivasan write in Nature Photonics. The key
component of he chipintegrated device is a tiny rirghaped resonator, about 80 micrometers in
diameter (slightly less than the width of a human hair) and a few tenthgr@teometer in

thickness. The shape and dimensions of the ring, which is made of silicon,r@tedehosen to
enhance the inherent properties of the material in converting light from one frequency to another.
The ring resonator is driven by two pump leseeach operating at a separate frequency. In a
scheme known as fouwave-mixing Bragg scatterg, 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 racatk, incoming light circulates around the resonator hundreds of times
before exiting, greatly dmancing 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 typicavioys
experiments, the system consumes 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 conversi@mdjphotonics has the
benefit of potentially enabling the devices to be much smaller, easiandtomize, lower power,
and compatible with batch fabrication technology," said Srinivasan. "Our work is a first
demonstration of a nanophotonic technology stk for this demanding task of quantum
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 thatboth absorbs light efficiently and converts the energy to highly mobile electrical
current. Findhg the ideal mix of properties in a single material is a challenge, so scientists have
been experimenting with ways to combine different materials to creaigbthls" with enhanced
features.

In two justpublished papers, scientists from the U.S. Departhtd Energy's Brookhaven National
Laboratory, Stony Brook University, and the University of Nebraska describe one such approach
that combines the excellent lig-harvesting properties of quantum dots with the tunable electrical
conductivity of a layeredn disulfide semiconductor. The hybrid material exhibited enhanced
lightharvesting properties through the absorption of light by the quantum dots and theiggner
transfer to tin disulfide, both in laboratory tests and when incorporated into electroniicdey

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

According to Mircea Cotlet, the physical chemist who led this work at Bea@n Lab's Center for
Functional Nanomaterials (CFN), a DOE Office of Science User Facilitglimi&wsional metal
dichalcogenides like tin disulfide have sepromising properties for solar energy conversion and
photodetector applications, including agh surfaceto-volume aspect ratio. But no

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

improve their perfomance through energy transfer."



One paper, just published in the journal ACS Nano, describes a fundamental study of the hybrid
guantum dot/tin disulfide matesl by itself. The work analyzes how light excites the quantum dots
(made of a cadmium selenidere 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 transfer from charge
transfer, two common types of interactions proneat by light in such hybrids," said Prahlad Routh,
a graduate student from Stony Brook University working with Caithelk cofirst author of the ACS
Nano paper. "We do this using single nanocrystal spectroscopy to look at how individual quantum
dots blink vhen interacting with sheelike tin disulfide. This straightforward method can assess
whether components in such seooinducting hybrids interact either by energy or by charge
transfer.”

The researchers found that the rate for noadiative energy transfeirom individual quantum dots
to tin disulfide increases with an increasing number of tin disulfide layers. Butrpenfce in
laboratory tests isn't enough to prove the merits of potential new materials. So the scientists
incorporated the hybrid materiahto an electronic device, a phofield-effect-transistor, a type of
photon detector commonly used for light sensigplications.

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

"This kind of energy transfer is aykprocess that enables photosynthesis in nature," said
ChangYong Nam, a materials scientist at Center for Funct@ramaterials and co

corresponding author of the APL paper. "Researchers have been trying to emulate this principle in
light-harvesting edctrical devices, but it has been difficult particularly for new material systems
such as the tin disulfide we studieOur device demonstrates the performance benefits realized by
using both energy transfer processes and new-ttimensional materials.”

Qotlet concludes, "The idea of 'doping' treimensional layered materials with quantum dots to
enhance their light aligbing properties shows promise for designing better solar cells and
photodetectors." [13]



Quasiparticles dubbed topological polaritons ma ke their debut in the
theoretical world

 —

Condensednatter physicists often turn to particlike entities called gasiparticles such as
excitons, plasmons, magnango explain complex phenomena. Now Gil Refael from the California
Institute of Technologin Pasadena and colleagues report the theoretical concept of the
G2L1Rt23A0FE LRt NRGA 2afight, Bafhatied iasipaticldBaiindasy ¢ Y | K& 0 NR |
special topological properties and might be used in devices to transport light in one alirecti

The proposed topolaritonarise 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 their gapped-energy
band structure. At the edge of the systems in which toptdas emerge, these knots unwirand

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

the topolaritons cannot maketlirns. Backreflection is a known source of detrimental feedback
and loss in photonic de®iS & @ ¢ KS { 2 LI/ ftolit Mdly ihBsybaé exXplokted ¥ dmficdh
devices with increased performance.

The researchers describe a scheme to generate topolaritons that may be feasible to implement in

common systen s such as semiconductor structures or atiwally thin layers of compouis

known as transitiormetal dichalcogenidasembedded in photonic waveguides or microcavities.

Previous approaches to make similar emay photonic channels have mostly hinged on effects

that are only applicable at microwaveetjuencies. Refael and@eorkS NE Q LINR L2 al f 2 FFSNA
F @Sy dzS (2 YHb1 8 8MOKE2¢APSNRIRAE Ay (GKS 2LIWGAOFE NB3I
remained a challenging pursuit. [12]

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

Physiést Randy Hulet and colleaguelsserved a strange disappearing act during collisions between
forms of Bose Einstein condensates called solitons. In some cases, the colliding clumps of matter
appear to keep their distance even as they pass through each.dttosv can two clumps of matte

pass through each other without sharing space? Physicists have documented a strange
disappearing act by colliding Bose Einstein condensates that appear to keep their distance even as
they pass through one another.

BECs arelumps of a few hundred thouad lithium atoms that are cooled to within ormaillionth
of a degree above absolute zero, a temperature so cold that the atoms march in lockstep and act



as a single "matter wave." Solitons are waves that do not diminisheflattit 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 balance the quantum pressure that
tends to spread them out.

The researcherexpected to observe the propgrthat a pair of colliding solitons would pass

though one another without slowing down or changing shape. However, they found that in certain
collisions, the solitons approached one another, maintained a minimum gap betiesrselves,

and then appeareda 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 clouds of lithium gas to temperatures that are so cold that the matter'svlha
dictated by fundamentiforces of nature that aren't observable at higher temperatures.

To create solitons, Hulet and postdoctoral research associate Jason Nguyen, the study's lead
author, balanced the forces of attraction and repulsion in thesBEC

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

Many of the events that Hulet's team measures occur inthmeisandth of a second or less. To
confirm that the "disappearing act" wa&rcausing 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 theo$itons oscillating back anadirth, winking in and out of view each time they
crossed, without any measurable effect.

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

Photonic molecules

Working with colleagues at the HarvakllT Center for Ultracold Atoms, a group led by Hedva
Professor of Physics Mikhaukin and MIT Professor of Physics Vladan Vuletic have managed to
coax photons into binding together to form molecutea state of matter that, until recently, had
been purely theoretical. The work is described in a Septrdb 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 which don't interact with eact other
shine two laser beams at each other, $ad, and they simply ga through one another.

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



"Most of the properties of light we know about originate frahe fact that photons & 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 other so strongly that they begin to act as
though they have mass, arldey bind together to rm 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 Interaction

This paper explains the magnetic effect of the eleattirrent from the obsered effects of the

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

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

Special Relatityi, but the Heisenberg htertainty Relation, the wave particle duality and the
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Asymmetry in the interference occurrences of oscillators

The asymmetrical configuratis are stable objectsf the real physical world, because they cannot
annihilate. One of the most obvious asymmetry is the prai@iectron mass rate = 1840 M
while they have equal charge. We explain this fact by the strong interaction of the platbhow
remember it hisstrong interaction ability for example in the¢-htom where are only
electromagnetic interactions among proton and electron.

This gives us the idea to origin the mass of proton from the electromagnetic interactions by the
way irterference occurrencesf@scillators. The uncertainty relation of Heisenberg makes sure that
the particles are oscillating.

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

@ | =bsirtn /2/ sirt /2
If isinfinitesimal so that sin = than
(2) e o

This gives us the idea of

(3)  Mp=reMe



3 =A/n = dsind

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 angkincreaed by the
multiple of 2 it makes no difference to the formula.

So

(4) dsin =m and we get nmorder beam if lessthan d. [6]

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

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

In this way we can see the molecules so that 2n electrons of n radiate to 4(m+1) preton
because d> <for electrons, while the two protons of one hholecule radiate to two electrons of
them, because ofle< cfor this two protons.

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



Spontaneously broken symmetry in the Planck distribution law
The Planck distribution law is temperaturependent and it should be true locally and globally. |
think that Einstein's energgnatter equivalence means some kind of existenceletteomagnetic

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

Max Planck found for the black body radiation

As a function of wavelengthey, Planck’s law is written as:
. 2het 1
BA(" ) = AS he .
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Figure 2. The distribution law for different T temperatures

We see there are two differentiand »for each T and intensity, so we can find between them a d
sothat 1<d< ..

We have many possibilities feuch asymmetrical reflections, so we havany stable oscillator
configurations for any T temperature with equal exchange of intensity by radiation. All of these
configurations can exist together. At theaxis the annihilation point where the configurahs are
symmetrical. Themaxis changing Y the Wien's displacement law in many textbooks.

(7)

whereamaxis the peak wavelengtf,is the absolute temperature of the black body,land
is a constant of proportionality call®dien's displacement caast, equal to
2.8977685(51)x10°*m-K (2002 CODATA recommended value).

































