Quantum Effects in Superfluid Fermions

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

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. [28]

A miniature prison for photons—that is the nanocavity 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 physics research in recent years
and were the subject of the 2016 Nobel Prize in physics. [26]

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

For the first time, researchers have built a nanolaser that uses 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 computer-chip manufacturing
technologies to create the kind of reflective 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 Paris (Laboratoire Kastler Brossel-LKB)
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 nanokelvins—just
a hair above absolute zero—and trapped the atoms within a two-dimensional sheet of



an optical lattice created by crisscrossing lasers. Using a high-resolution microscope, the
researchers took images of the cooled atoms residing in the lattice. [19]

Researchers have created quantum states of light whose noise level has been “squeezed”
to a record low. [18]

An elliptical light beam in a nonlinear optical medium pumped by “twisted light” can
rotate like an electron around a magnetic field. [17]

Physicists from Trinity College Dublin's School of Physics and the CRANN Institute,
Trinity College, have discovered a new form of light, which will impact our
understanding of the fundamental nature of light. [16]

Light from an optical fiber illuminates the metasurface, is scattered in four different
directions, and the intensities are measured by the four detectors. From this
measurement the state of polarization of light is detected. [15]

Converting a single photon from one color, or frequency, to another is an essential tool in
quantum communication, which harnesses the subtle correlations between the
subatomic properties of photons (particles of light) to securely store and transmit
information. Scientists at the National Institute of Standards and Technology (NIST)
have now developed a miniaturized version of a frequency converter, using technology
similar to that used to make computer chips. [14]

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

Condensed-matter physicists often turn to particle-like entities called quasiparticles—
such as excitons, plasmons, magnons—to explain complex phenomena. Now Gil Refael
from the California Institute of Technology in Pasadena and colleagues report the
theoretical concept of the topological polarition, or “topolariton”: a hybrid half-light,
half-matter quasiparticle that has special topological properties and might be used in
devices to transport light in one direction. [12]

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

Working with colleagues at the Harvard-MIT Center for Ultracold Atoms, a group led by
Harvard Professor of Physics Mikhail Lukin and MIT Professor of Physics Vladan Vuletic
have managed to coax photons into binding together to form molecules - a 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 possibility to origin the
Spontaneously Broken Symmetries from the Planck Distribution Law. This way we get a
Unification of the Strong, Electromagnetic, and Weak Interactions from the interference
occurrences of oscillators. Understanding that the relativistic mass change is the result
of the magnetic induction we arrive to the conclusion that the Gravitational Force is also
based on the electromagnetic forces, getting a Unified Relativistic Quantum Theory of all
4 Interactions.
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New simulation methods to visualise quantum effects in superfluid

fermions

What exactly happens inside neutron stars — the final stage of a giant star — is subject to speculation. In
terms of physics, the interiors of neutron stars, cold atomic gasses and nuclear 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 results are finally offering insight into
unknown processes of such systems.

Neutron stars, cold atomic gasses and nuclear systems are all gaseous systems made up of highly
interactive, superfluid fermions, i.e. systems whose matter is made up of particles with half-integer spin

(intrinsic angular momentum). The category of fermions includes electrons, protons and neutrons. At very
low temperatures, these systems are described as superfluid, meaning that the particles in them do not
generate any internal friction whatsoever and possess the property of almost perfect thermal conductivity.
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These superfluid Fermi gases do not behave according to the laws of classical physics, but rather can be
better described using the laws of quantum mechanics. Gabriel Wlaztowski, an assistant professor at
Warsaw University of Technology and the University of Washington in Seattle, and his team have recently
developed a new method based on density functional theory (DFT). With 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 form and decay in this "atomic cloud." The results
were published in Physical 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 with opposite spins, superconducting properties of materials emerge.
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, for many years it has been
investigated what happens in spin-imbalanced 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 imbalanced, someone would be frustrated as he/she cannot form a pair," says
Wilaztowski. What do unpaired atoms do? This is exactly what the researchers have been studying.
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The shapes represent the various vortices that the researchers discovered forming in a spin-imbalanced
atomic cloud. Credit: Gabriel Wlaztowski

An accurate description of superfluid Fermi gases, especially of spin-imbalanced systems, has previously
been very difficult. Spin imbalance occurs when a system is affected by a magnetic field, Gabriel Wlaztowski
says. The target of the researcher now is to apply DFT formalism to neutron stars as well as to magnetars —
neutron stars with a strong magnetic field — for predicting what happens inside. "Clearly, there is no way to
probe explicitly interiors of stars. Thus, we need to rely on simulations, for which we need reliable tools,"
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Wlaztowski says. Therefore, researchers were searching for a terrestrial system that shares a lot of
similarities with the target system. "It turns out that strongly interacting ultra-cold atomic gases are very
similar to neutron matter."

For their numerical experiments, the researchers used the most complete quantum theoretical description
currently available for many-body systems to describe this type of system. This enabled them to produce a
more in-depth DFT theory for superfluid systems. They also combined it with a special time-dependent
superfluid local density approximation for a unitary spin-imbalanced Fermi gas. "Without approximation,
superconducting DFT will lead to integro-differentional equations that are beyond reach even for exascale
supercomputers," Wlaztowski says. With their current study, the researchers are now able to demonstrate
that this approximation is working very well in the considered systems.

Correlation between simulation and experiment

"By creating a visualisation of the calculations and comparing these images with photos from experiments,
we were able to observe these quantum mechanical systems directly," says Wlaztowski. "Comparing the
theoretical and experimental results yielded excellent correlations." 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

inside 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 patterns (see figure) 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 effects have a considerable influence on quantum phenomena and will
lead to new, yet-to-be-discovered areas of physics. "However, just to show that we reproduce some data is
not enough — can we predict something completely new?", Wlaztowski asked himself. For him, the next
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 time-dependent nonlinear coupled 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,
according to the authors, in Europe only Piz Daint can handle this type of calculations. [29]

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 in Nature, the team reports that a surface covered in a fine mist of transparent
droplets and lit with a single lamp should produce a bright color if each tiny droplet is precisely the same
size.
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This iridescent effect is due to "structural color," by which an object generates color simply due 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 researchers have 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 color-changing powders and inks in makeup 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, companies 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
to Sara's modeling, which brought this effect and its physical explanation to light, there 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 emulsions made from a 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?
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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
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Initially, Kolle thought the color might be due to the effect 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 electromagnetic
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 rainbow-causing effect," says Nagelberg, who headed up the modeling effort 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 one, as it meant that light should behave
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 a 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 allows optical 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, bouncing
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 droplet reflecting the
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 of light, entering 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 clear droplets, is much stronger in small rather than large
droplets.

"When there is interference, it's like kids making waves in a pool," Kolle says. "If they do whatever they
want, there's no constructive adding up of effort, and just a lot of mess in the pool, or random 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 coming out, you get more intensity of color."

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

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

First, the team optimized their initial experiment, creating droplet emulsions, the sizes of which they could
precisely control using a microfluidic device. They produced, as Kolle describes, a "carpet" of droplets of the
exact same size, in a clear Petri dish, which they illuminated with a single, fixed white light. They then
recorded the droplets with a camera that circled around the dish, and observed that the droplets exhibited
brilliant colors that shifted as the camera circled around. This demonstrated how the angle at which light is
seen to enter the droplet affects the droplet's color.

The team also produced droplets of various sizes on a single film and observed that from a single viewing
direction, the color would shift redder as the droplet size increased, and then would loop back to blue and
cycle through again. This makes sense according to the model, as larger droplets would give light more
room to bounce, creating longer paths and larger phase lags.

To demonstrate the importance of curvature in a droplet's color, the team produced water condensation on
a transparent film that was treated with a hydrophobic (water-repelling) solution, with the droplets forming
the shape of an elephant. The hydrophobic parts created more concave droplets, whereas the rest of the
film created shallower droplets. Light could more easily bounce around in the concave droplets, compared
to the shallow droplets. The result was a very colorful elephant pattern against a black background.

In addition to liquid droplets, the researchers 3-D-printed tiny, solid caps and domes from various
transparent, polymer-based materials, and observed a similar colorful effect in these solid particles, that
could be predicted by the team's model.

Kolle expects that the model may be used to design droplets and particles for an array of color-changing
applications.

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

Putting photons in jail
A miniature prison for photons—that is the nanocavity discovered by scientists of the University of Twente.
It is an extremely small cavity surrounded by an optical crystal, a structure of pores etched in two
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perpendicular directions. Confining photons in this 3-D cavity may lead to tiny and efficient lasers and LEDs,
storage of information or ultrasensitive light sensors. The results are published in Physical Review B, one of
the journals of the American Physical Society.

Techniques for trapping light are at the basics of photonics. A well-known cavity consists of two mirrors
between which a standing wave will be formed of a certain colour of light, depending on the distance
between the mirrors. This is the working principle of a laser. But light that is leaking sideways will never be
reflected again. Is it possible to trap a photon inside a three-dimensional 'prison cell' surrounded by
mirrors? It is indeed, the UT researchers now demonstrate. The mirrors, in this case, are formed by a three-
dimensional photonic crystal, consisting of pores that have been etched deeply into silicon in two
directions, perpendicular to each other.

Photonic crystal are known for their very special light properties. The structure and periodicity of the pores
allow only light of certain wavelengths to propagate inside the crystal. But how do you create a cavity for
trapping a photon in a structure like this? In their new paper, the UT researchers show 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 up to 2,400 times compared to the outside of the crystal. This is a very large
enhancement, given the small dimensions," says Dr. Devashish, the lead author of the paper.

Lightweight

By altering the periodic structure locally, the crystal also shows considerable absorption of visible light, up
to ten times the absorption of bulk silicon. "This strong absorption, in a very tiny volume, is a great property
for new sensors. Thanks to the high density of pores, the crystal is very lightweight — we also call this
'holeyness'", Prof Willem Vos says. He is the Complex Photonics Systems group leader at UT's MESA+
Institute.

In earlier publications, the group showed that diamant-like photonic crystals can reflect a very broad range
of colours of light for all angles: these results led to the new discovery now presented. In the coming

generations of photonic integrated circuits (PICs), the nanocavities are expected to play a major role in the
treatment of optical signals, in information storage or quantum photonic devices.

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

The paper "Three-dimensional photonic band gap cavity with finite support: enhanced energy density and
optical absorption" appeared in Physical Review B, February 2019 edition. [27]

New exotic phenomena seen in photonic crystals

Topological effects, such as those found in crystals whose surfaces conduct electricity while their bulk does
not, have been an exciting topic of physics research in recent years and were the subject of the 2016 Nobel
Prize in physics. Now, a team of researchers at MIT and elsewhere has found novel topological phenomena
in a different class of systems—open systems, where energy or material can enter or be emitted, as
opposed to closed systems with no such exchange with the outside.
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This could open up some new realms of basic physics research, the team says, and might ultimately lead to
new kinds of lasers and other technologies.

The results are being reported this week in the journal Science, in a paper by recent MIT graduate Hengyun
"Harry" Zhou, MIT visiting scholar Chao Peng (a professor at Peking University), MIT graduate student
Yoseob Yoon, recent MIT graduates Bo Zhen and Chia Wei Hsu, MIT Professor Marin Soljaci¢, the Francis
Wright Davis Professor of Physics John Joannopoulos, the Haslam and Dewey Professor of Chemistry Keith
Nelson, and the Lawrence C. and Sarah W. Biedenharn Career Development Assistant Professor Liang Fu.

In most research in the field of topological physical effects, Soljaci¢ says, so-called "open" systems—in
physics terms, these are known as non-Hermitian systems—were not studied much in experimental work.
The complexities involved in measuring or analyzing phenomena in which energy or matter can be added or
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 made these open systems accessible, and "we found
interesting topological properties in these non-Hermitian systems," Zhou says. In particular, they found two
specific kinds of effects that are distinctive topological signatures of non-Hermitian systems. One of these is
a kind of band feature they refer 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 which billions of very precisely shaped and oriented 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 potential for new kinds of light-
based computing systems or light-emitting devices. But while much of this research has been done using
closed, Hermitian systems, most of the potential real-world applications involve open systems, so the new
observations made by this team could open up whole new areas of research, 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 systems, but in those systems they
always form on the two-dimensional surfaces of a three-dimensional 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 known as exceptional 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, gradually forming a half-twist as one follows the 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 half-twist is analogous to a Moébius strip, he explains, in which a strip of paper is twisted a half-turn
before connecting it to its other end, creating a band that has only one side. This Mdbius-like twist in light
polarization, Zhen says, could in theory lead to new ways of increasing the amount of data that could be
sent through fiber-optic links.

The new work is "mostly of scientific interest, rather than technological," Soljaci¢ says. Zhen adds that "now
we have this very interesting technique to probe the properties of non-Hermitian systems." But there is also



a possibility that the work may ultimately lead to new devices, including new kinds of lasers or light-
emitting devices, they say.

The new findings were made possible by earlier 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" that such half-twist behavior was possible and could be "quite interesting," Soljaci¢ says,
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 authors use 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
involved in this work. "Without the loss ... this would have required highly complex 3-D fabrication methods
that likely would not have been possible." In other words, he says, the technique they developed "gave
them access to 2-D physics that would have been conventionally thought impossible." [26]

Ultrafast snapshots of relaxing electrons in solids

When x-rays 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. For a long time, scientists have
suspected that the liberated electron and the positively charged hole form a new kind of
guasiparticle—known as 'core-exciton'. But so far, there has not yet been a real proof of its
existence. Scientists have a wide range of tools to track excitons in semiconductors in real-time.
Those are generated by ordinary light, and can be employed in various applications in
optoelectronics and microelectronics. On the contrary, core-excitons are extremely short-lived,
and up to now, no technique 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 real-time. Using flashes of x-ray 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 last year) the scientists obtain an ultrafast camera which allowed
them to take snapshots of the short-lived excitons in silicon dioxide for the first time. The work is
published in this week's issue of the Science magazine.

"Core-excitons live for a very short time 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 dynamics of core-excitons has been the development of attosecond light
flashes in the optical range. The work was published by the Attoelectronics group last year.
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"In our experiment we use x-ray flashes to light up core-excitons in solids, whereas the optical
attosecond pulses provide the possibility to resolve this motion in real-time," 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 take snapshots of the motion of core-excitons
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 core-excitons 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 excitons in the x-ray regime. But at the same time, it is a general tool
for studying ultrafast x-ray initiated processes in solids on their natural time scales. Such a
capability has never before been possible in x-ray science."

The team now envisages applications of their technique for studying ultrafast processes at
interfaces of solids, and new routes to realize ultrafast switches for x-ray radiation based on optical
light fields. "With x-ray free electron lasers rapidly proliferating around the world, the capability 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, but the demand is large and growing, with little
sign of slowing. As electronic devices get smaller, their ability to provide precise, chip-based
sensing of dynamic physical properties such as motion become challenging to develop.

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

"With developments of nanotechnology, the ability to measure and control torsional motion at the
nanoscale can provide a powerful tool to explore nature," said Jianguo Huang from Xi'an Jiaotong
University in China, one of the work's authors. He is also affiliated with the Nanyang Technological
University and with the Institute of Microelectronics, A*STAR in Singapore. "We present a nove