Improve Cancer Immunotherapy

St. Jude Children's Research Hospital scientists have identified a new therapeutic strategy
that enhanced cancer immunotherapy, slowed tumor growth and extended the lives of

mice with cancer. [34]

Using the latest advances in imaging and computing, Johns Hopkins Medicine researchers
have developed a framework that’s able to reveal the structural and functional changes
in the blood vessel network required for growth of a tumour. [33]

Medical physicist Dr. Aswin Hoffmann and his team from the Institute of
Radiooncology—OncoRay at the Helmholtz-Zentrum Dresden-Rossendorf (HZDR) have
combined magnetic resonance imaging (MRI) with a proton beam, thus demonstrating
for the first time that in principle, this commonly used imaging method can work with
particle beam cancer treatments. [32]

Washington State University researchers for the first time have shown that they can use
electrical fields to gain valuable information about the tiny, floating vesicles that move
around in animals and plants and are critically important to many biological functions.

[31]

Finding a fast and inexpensive way to detect specific strains of bacteria and viruses is
critical to food safety, water quality, environmental protection and human health. [30]

In the perspective, Gabor and Song collect early examples in electron metamaterials and
distil emerging design strategies for electronic control from them. [29]

Lawrence Livermore National Laboratory (LLNL) researchers are working to make
better electronic devices by delving into the way nanocrystals are arranged inside of
them. [28]

Self-assembly and crystallisation of nanoparticles (NPs) is generally a complex process,
based on the evaporation or precipitation of NP-building blocks. [27]

New nanoparticle-based films that are more than 80 times thinner than a human hair
may help to fill this need by providing materials that can holographically archive more
than 1000 times more data than a DVD in a 10-by-10-centimeter piece of film. [26]

Researches of scientists from South Ural State University are implemented within this
area. [25]



Following three years of extensive research, Hebrew University of Jerusalem (HU) physicist
Dr. Uriel Levy and his team have created technology that will enable computers and all
optic communication devices to run 100 times faster through terahertz microchips. [24]

When the energy efficiency of electronics poses a challenge, magnetic materials may have
a solution. [23]

An exotic state of matter that is dazzling scientists with its electrical properties, can also
exhibit unusual optical properties, as shown in a theoretical study by researchers at
A*STAR. [22]

The breakthrough was made in the lab of Andrea Alu, director of the ASRC's Photonics
Initiative. Alti and his colleagues from The City College of New York, University of Texas
at Austin and Tel Aviv University were inspired by the seminal work of three British
researchers who won the 2016 Noble Prize in Physics for their work, which teased out
that particular properties of matter (such as electrical conductivity) can be preserved in
certain materials despite continuous changes in the matter's form or shape. [21]
Researchers at the University of Illinois at Urbana-Champaign have developed a new
technology for switching heat flows 'on’ or 'off". [20]

Thermoelectric materials can use thermal differences to generate electricity. Now there
is an inexpensive and environmentally friendly way of producing them with the simplest
tools: a pencil, photocopy paper, and conductive paint. [19]

A team of researchers with the University of California and SRI International has
developed a new type of cooling device that is both portable and efficient.

[18]

Thermal conductivity is one of the most crucial physical properties of matter when it
comes to understanding heat transport, hydrodynamic evolution and energy balance in
systems ranging from astrophysical objects to fusion plasmas. [17]

Researchers from the Theory Department of the MPSD have realized the control of
thermal and electrical currents in nanoscale devices by means of quantum local
observations. [16]

Physicists have proposed a new type of Maxwell's demon—the hypothetical agent that
extracts work from a system by decreasing the system's entropy—in which the demon
can extract work just by making a measurement, by taking advantage of quantum
fluctuations and quantum superposition. [15]

Pioneering research offers a fascinating view into the inner workings of the mind of
'Maxwell's Demon', a famous thought experiment in physics. [14]



For more than a century and a half of physics, the Second Law of Thermodynamics,
which states that entropy always increases, has been as close to inviolable as any law we
know. In this universe, chaos reigns supreme.

[13]

Physicists have shown that the three main types of engines (four-stroke, twostroke, and
continuous) are thermodynamically equivalent in a certain quantum regime, but not at
the classical level. [12]

For the first time, physicists have performed an experiment confirming that
thermodynamic processes are irreversible in a quantum system—meaning that, even on
the quantum level, you can't put a broken egg back into its shell. The results have
implications for understanding thermodynamics in quantum systems and, in turn,
designing quantum computers and other quantum information technologies. [11]

Disorder, or entropy, in a microscopic quantum system has been measured by an
international group of physicists. The team hopes that the feat will shed light on the
"arrow of time": the observation that time always marches towards the future. The
experiment involved continually flipping the spin of carbon atoms with an oscillating
magnetic field and links the emergence of the arrow of time to quantum fluctuations
between one atomic spin state and another. [10]

Mark M. Wilde, Assistant Professor at Louisiana State University, has improved this
theorem in a way that allows for understanding how quantum measurements can be
approximately reversed under certain circumstances. The new results allow for
understanding how quantum information that has been lost during a measurement can
be nearly recovered, which has potential implications for a variety of quantum
technologies. [9]

Today, we are capable of measuring the position of an object with unprecedented
accuracy, but quantum physics and the Heisenberg uncertainty principle place
fundamental limits on our ability to measure. Noise that arises as a result of the
quantum nature of the fields used to make those measurements imposes what is called
the "standard quantum limit." This same limit influences both the ultrasensitive
measurements in nanoscale devices and the kilometer-scale gravitational wave detector
at LIGO. Because of this troublesome background noise, we can never know an object's
exact location, but a recent study provides a solution for rerouting some of that noise
away from the measurement. [8]

The accelerating electrons explain not only the Maxwell Equations and the Special
Relativity, but the Heisenberg Uncertainty Relation, the Wave-Particle Duality and the
electron’s spin also, building the Bridge between the Classical and Quantum Theories.

The Planck Distribution Law of the electromagnetic oscillators explains the
electron/proton mass rate and the Weak and Strong Interactions by the diffraction
patterns. The Weak Interaction changes the diffraction patterns by moving the electric



charge from one side to the other side of the diffraction pattern, which violates the CP
and Time reversal symmetry.

The diffraction patterns and the locality of the self-maintaining electromagnetic
potential explains also the Quantum Entanglement, giving it as a natural part of the
relativistic quantum theory.
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Preface

Physicists are continually looking for ways to unify the theory of relativity, which describes
largescale phenomena, with quantum theory, which describes small-scale phenomena. In a new
proposed experiment in this area, two toaster-sized "nanosatellites" carrying entangled
condensates orbit around the Earth, until one of them moves to a different orbit with different
gravitational field strength. As a result of the change in gravity, the entanglement between the
condensates is predicted to degrade by up to 20%. Experimentally testing the proposal may be
possible in the near future. [5]

Quantum entanglement is a physical phenomenon that occurs when pairs or groups of particles are
generated or interact in ways such that the quantum state of each particle cannot be described
independently — instead, a quantum state may be given for the system as a whole. [4]

| think that we have a simple bridge between the classical and quantum mechanics by
understanding the Heisenberg Uncertainty Relations. It makes clear that the particles are not point
like but have a dx and dp uncertainty.

Researchers reprogram T cells to improve cancer immunotherapy
St. Jude Children's Research Hospital scientists have identified a new therapeutic strategy that
enhanced cancer immunotherapy, slowed tumor growth and extended the lives of mice with
cancer. The research appears today in the journal Nature.



The findings offer a promising strategy for developing more effective adoptive cell therapy, such as
chimeric antigen receptor (CAR T-cell) therapy. Immunotherapy aims to harness the patients' own
tumor-specific T cells for cancer treatment. The T cells are collected, expanded and sometimes
tweaked in the laboratory before being returned to patients. Some patients have had remarkable

responses to the treatment. Adoptive cell therapy has proven less effective against solid

tumors.

"The goal has been to increase the persistence of tumor-specific T cells and their anti-tumor
efficacy," said corresponding author Hongbo Chi, Ph.D., a member of the St. Jude Department of
Immunology. "This study offers a way to accomplish both simultaneously by reprogramming tumor-
specific T cells to have better persistence like long-lived naive or memory T cells and exhibit robust
killing activity like functionally competent effector T cells.

CRISPR-Cas9 and REGNASE-1

Researchers used CRISPR-Cas9 technology to identify a molecule in tumor-specific T cells that
worked like a brake to shut down the anti-tumor immune response. When the molecule, the
enzyme REGNASE-1, was deleted, T cell longevity, efficacy and accumulation in tumors increased.
Mice with leukemia and melanoma that were treated with T cells lacking REGNASE-1 lived longer
and had smaller tumors than mice treated with regular (wild-type) T cells.

REGNASE-1 function

REGNASE-1 was previously known to restrict T cell activation. "This research showed REGNASE-1
also inhibits two important T cell signaling pathways," said Jun Wei, Ph.D., a St. Jude staff scientist.
Wei and Lingyun Long, Ph.D., a St. Jude postdoctoral fellow, are co-first authors of the study.

Wei led the CRISPR—Cas9 screening effort that revealed the transcription factors BATF and TCF-1 as
the targets of REGNASE-1.

BATF drives T cell metabolism to enhance T cell accumulation and the ability to kill tumor cells. TCF-
1 promotes T cell longevity. "Conventional wisdom held that these processes were reciprocal and
that increasing the anti-tumor activity of T cells meant T cell longevity suffered. We showed that is
not necessarily the case," Wei said.

Combination therapy

Chi and his colleagues did not stop there. "Combination therapy is key to the clinical success of
cancer immunotherapy. We wanted to provide additional insights into the clinical potential of the
finding," Wei said.

Through secondary CRISPR—Cas9 screening, the scientists identified two more relevant molecules.
When deleted in combination with the REGNASE-1 deletion, these T cells showed further
improvement for CANCer immunotherapv in mice. The molecules are the signaling

factors PTPN2 and SOCS1. Evidence in this study suggested the molecules work independently of
REGNASE-1.

Chi added: "We are excited to move this forward and explore possibly targeting REGNASE-1 for
cancer therapy." [34]
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Seeing cancer in a new light: creating an atlas of blood flow in tumour

tissue

Non-invasive image-based methods for quantifying changes in tumour growth have been under
investigation for years. Using the latest advances in imaging and computing, Johns Hopkins
Medicine researchers have developed a framework that’s able to reveal the structural and
functional changes in the blood vessel network required for growth of a tumour.

The team used high-resolution 3D imaging of tumour blood vessels paired with sophisticated
mathematical formulae to generate a model framework. The model represents the
microenvironment of tumour tissue, including the flow of blood and oxygen, the complex blood

vessel network and structural changes occurring over time (Nature Sci.

Rep. 10.1038/s41598-019-40888-w).

The image-based model
To create a model that reflects the structural and behavioural aspects of tumour growth, Eugene

Kim from Arvind Pathak’s research team implanted human breast cancer cells in mice. Those

cancer cells grow into tumours that the researchers imaged using 3D magnetic resonance
microscopy and micro-CT to create high-quality 3D images with information about tumour’s volume
and the network of its blood vessels.

Once the underlying vascular network had been mapped, the researchers next considered how to
quantify the functional characteristics of these tumour vessels. They then searched for previously
published data on blood flow/pressure and volume in blood vessels similar to those seen in their
tumours. To understand how these structures would behave in a living system, Pathak’s team

collaborated with Aleksander Popels Systems Biology group at Johns Hopkins.

Spyros Stamatelos from Popel’s group created a set of graph theory formulae to represent various
aspects of the tumours and developed a model to describe blood and oxygen flow by combining
their data with information already published in the scientific literature. This work was continued
by Akanksha Bhargava who made the final classification and integrated the images with the
simulation results.

Google Maps for cancer

The researchers suggest that the visualizations resulting from these simulations can be described as
“Google Maps for cancer”, since they work in a similar fashion. Google Maps shows geographical
maps superimposed with useful information such as speed limits, average speed, travel time and
traffic activity. Likewise, these tumour models generate hundreds of thousands of data points
about the predicted blood flow and oxygenation in tumours and superimpose these data on the
blood vessel architecture.

The researchers believe that their image-based computer model will add further details to the
growing “atlas” of cancer, a collection of information useful for documenting the disease, and from
which artificial intelligence can be used for applications ranging from predicting drug delivery to


https://www.nature.com/articles/s41598-019-40888-w
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tumour behaviour. Access to the finer details of tumours will help bioengineers and cancer

biologists develop and test in silico applications such as drug targets. The model can be also used
to understand the complexities of other tissues (for example, heart and brain) and related diseases
such as cardiac arrest and stroke.

While this approach is not applicable directly to studying cancer growth in humans, the researchers
are hopeful that as high-resolution tumour imaging in patients improves, their tools can be used to
detect signs of cancer at earlier stages, predict the behaviour of cancer and customize the therapy

to the patient. [33]

High-contrast imaging for cancer therapy with protons

Medical physicist Dr. Aswin Hoffmann and his team from the Institute of Radiooncology—OncoRay
at the Helmholtz-Zentrum Dresden-Rossendorf (HZDR) have combined magnetic resonance imaging
(MRI) with a proton beam, thus demonstrating for the first time that in principle, this commonly
used imaging method can work with particle beam cancer treatments. This opens up new
opportunities for targeted, healthy tissue-sparing cancer therapy. The researchers have published
their results in the journal Physics in Medicine and Biology.

Radiation therapy has long been part of the standard oncological treatment practice. A specific
amount of energy is deposited into the tumor tissue, where it damages the cancer cells' genetic
material, preventing them from dividing, and ideally destroying them. The most commonly used
form of radiation therapy today is called photon therapy, which uses high-energy X-ray beams.
Here, a substantial portion of the beam penetrates the patient's body, depositing a harmful dose in
healthy tissue surrounding the tumor.

Atomic nuclei as weapons against cancer

An alternative is radiation therapy with charged atomic nuclei such as protons. The penetration
depth of these particles depends on their initial energy. They release their maximum dose at the
end of their trajectory. No dose will be deposited beyond this so-called "Bragg peak." The challenge
for physicians administering this kind of therapy is to control the proton beam exactly to match the
shape of the tumor tissue and thus spare as much of the surrounding normal tissue as possible.
Before the treatment, they conduct an X-ray-based computed tomography (CT) scan to select their
target volume.

"This has various disadvantages," Hoffmann says. "First of all, the soft-tissue contrast in CT scans is
poor, and secondly, the dose is deposited into healthy tissue outside of the target volume." On top
of this, proton therapy is more susceptible to organ motion and anatomical changes than radiation
therapy with X-rays, which impairs the targeting precision when treating mobile tumors. At present,
there is no direct way of visualizing tumor motion during irradiation. That is the biggest obstacle
when it comes to using proton therapy. "We don't know exactly whether the proton beam will hit
the tumor as planned," Hoffmann explains. Therefore, physicians today have to use large safety
margins around the tumor. "But that damages more of the healthy tissue than would be necessary
if radiation were more targeted. That means we are not yet exploiting the full potential of proton
therapy."


https://phys.org/tags/therapy/
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First prototype for MR-guided particle therapy

Hoffmann and his team want to change that. In cooperation with the Belgian proton therapy
equipment manufacturer IBA (lon Beam Applications SA), his research group's objective is to
integrate proton therapy and real-time MR imaging. Unlike X-ray or CT imaging, MRI delivers
excellent soft-tissue contrast and enables continuous imaging during irradiation. "There are already
two such hybrid devices for clinical use in MR-guided photon therapy; but none exists for particle
therapy."

This is mainly due to electromagnetic interactions between the MRI scanner and the proton
therapy equipment. On the one hand, MRI scanners need highly homogeneous magnetic fields in
order to generate geometrically accurate images. The proton beam, on the other hand, is
generated in a cyclotron, a circular accelerator in which electromagnetic fields force charged
particles onto a circular trajectory and accelerate them. The proton beam is also steered and
shaped by magnets, whose magnetic fields can interfere with the MRI scanner's homogeneous
magnetic field.

"When we launched the project three and a half years ago, many international colleagues were
skeptical. They thought it was impossible to operate an MRI scanner in a proton beam because of
all the electromagnetic disturbances," Hoffmann explains. "Yet we were able to show in our
experiments that an MRI scanner can indeed operate in a proton beam. High-contrast real-time
images and precise proton beam steering are not mutually exclusive." Many experts predicted
another difficulty to occur from proton beam behavior: when electrically charged particles move in
the magnetic field of an MRI scanner, Lorentz forces will deflect the beam from its straight
trajectory. However, the researchers were able to demonstrate that this deflection can be
anticipated and thus corrected for.

To explore these mutual interactions, Hoffmann and his team used the experimental room at the
National Center for Radiation Research in Oncology—OncoRay.

"Our mission is to individualize proton therapy biologically and to optimize it technologically
towards its physical limits," says Hoffmann, head of the research group on MR-guided radiation
therapy at the HZDR. OncoRay has its own cyclotron to deliver the proton beam into the therapy
room as well as into the experimental room. Hoffmann and his colleagues used the latter for their
research activities. With the support of IBA and the Paramed MRI Unit of ASG Superconductors
SpA, they installed an open MRI scanner in the path of the proton beam, realizing the world's first
prototype of MR-guided particle therapy. "We are lucky to have an experimental room that is large
enough to accommodate an MRI scanner. That is one of OncoRay's unique features."

Knee phantom, mixed sausage and predictable diversion

For their experiments on this first prototype, they initially used what is called a knee phantom, a
small plastic cylinder filled with an aqueous contrast liquid and a variety of differently shaped
plastic pieces. Hoffmann and his team used it to conduct quantitative analyses of image quality. In a
second series of experiments, the researchers used a piece of Dresden mixed sausage. "When the
Dutch research group studied imaging for their MR-guided photon therapy device in 2009, they
used pork chop," Hoffmann says. "In 2016, Australian researchers demonstrated their MR-photon
therapy device on a Kangaroo steak. Since we also wanted to go regional for our prototype in MR-
guided particle therapy, we used Dresden mixed sausage." Both the series of experiments with the


https://phys.org/tags/radiation+therapy/
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phantom and with the sausage showed that the magnetic fields from proton therapy did not distort
the image. They merely caused minor shifts in the MR image, which can be corrected for.

The project is currently entering its next phase. The goal is to develop the world's first prototype for
MR-guided particle therapy that is applicable for clinical use. [32]

Researchers develop new technique to understand biology at the

nanoscale

Washington State University researchers for the first time have shown that they can use electrical
fields to gain valuable information about the tiny, floating vesicles that move around in animals and
plants and are critically important to many biological functions.

The new technique could make it easier and less expensive for researchers to gain important
information about many biological processes—from understanding the spread of infection in
people to improving drug delivery techniques. Led by graduate student Adnan Morshed and
Prashanta Dutta, professor in the School of Mechanical and Materials Engineering, the work was
published in Physical Review Fluids.

At the basis of much of biology are cells and, at even smaller scales, cell-like bubbles that float
around in liquid doing critically important jobs. So, for instance, neurons communicate in our brain
through vesicles that carry information and chemicals from one neuron to the next. The HIV virus is
another tiny vesicle. Over time, the vesicle carrying HIV changes and becomes stiffer, which
indicates that the virus is becoming more infectious.

But studying the properties of these tiny and critically important cellular sacs that travel through
organisms in fluids has been difficult, especially when researchers get to the smallest floaters that
are 40-100 nanometers in size. To study biological processes at tiny scales, the researchers use
atomic force microscopes, which require removing the vesicles from their natural floating homes.
The process is expensive, cumbersome, and slow. Furthermore, by taking them out of their natural
settings, the biological materials also don't necessarily exhibit their natural behavior, said Dutta.

The WSU research team has developed a system that uses a microfluidic-based system and electric
fields to better understand vesicles. Similar to a grocery store checker who identifies products as
they are passed over a scanner, the researchers apply electrical fields in a liquid as the vesicle
passes through a narrow pore. Because of the electric field, the vesicle moves, deforms, or reacts
differently depending on its chemical make-up. In the case of the HIV vesicles, for instance, the
researchers should be able to see the electric field affect the stiffer, more infectious vesicle in a

different way than a more flexible, less infectious vesicle. For drug delivery, the system could
differentiate a vesicle that contains more or less of a drug—even if the two cells might look
identical under a microscope.

"Our system is low-cost and high throughput," said Dutta. "We can really scan hundreds of samples
at atime."

He added that they can change the speed of the process to allow researchers to more carefully
observe property changes.
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The researchers developed a model and tested it with synthetic liposomes, tiny sacs that are used
for targeted drug delivery. They hope to begin testing the process soon with more realistic
biological materials. [31]

Detecting E. coli strains using molecular electronics

Finding a fast and inexpensive way to detect specific strains of bacteria and viruses is critical to food
safety, water quality, environmental protection and human health. However, current methods for
detecting illness-causing strains of bacteria such as E. coli require either time-intensive biological
cell cultures or DNA amplification approaches that rely on expensive laboratory equipment.

Now, Josh Hihath, an associate professor of electrical and computer engineering at the University of
California, Davis, and colleagues at the University of Washington and TOBB University of Economics
and Technology in Ankara, Turkey have adapted a molecular electronic device called a single-
molecule break junction to detect RNA from strains of E. coli known for causing illness. The findings
were published online today (Nov. 5) in the journal Nature Nanotechnology.

"The reliable, efficient and inexpensive detection and identification of specific strains of
microorganisms such as E. coli is a grand challenge in biology and the health sciences," said Hihath.
"Our technique could pave the way for rapid, straightforward detection of pathogens, antimicrobial
resistant bacterial strains and biomarkers for cancer."

Hihath and his team focused on E. coli since it is a common pathogen that could easily be found in
the food supply, but might not cause illness in a benign form. The worst strain of E. coli, called E.
coli 0157:H7, produces a toxic substance called Shiga toxin that causes bloody diarrhea, kidney
failure and even death.

Single-molecule break junction devices consist of two metal electrodes with atomically sharp
interfaces that are brought into contact in a liquid solution of interest, such as a solution containing
RNA sequences from E.coli. As the electrodes are brought into contact and pulled apart, an
electrical bias is applied and the current is measured. This process is repeated hundreds or
thousands of times to determine the conductance of a single molecule.

"One of the questions we asked is how small of a change in the sequence is needed to cause a
meaningful change in the electrical conductance?" said Hihath. "The smallest thing we can change
is a single-base, so we decided to see if a single-base change can be measured."

By testing short sequences of RNA bound to DNA with chemical linkers, the team examined an E.
coli sequence that would produce Shiga toxin. Their findings showed that changes in the electrical
resistance of RNA due to a single-base change could be measured, which would allow them to see
not only if a sequence was E.coli, but the specific strain of E.coli that produces Shiga toxin.

"A system that could selectively identify short sequences of DNA or RNA opens up new avenues for
developing an electronic sensor platform for a wide range of applications," he adds. "Eventually, we
want to get to the point where we can extract RNA samples from real organisms and measure their
conductance on a sensing platform." [30]
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Physicists name and codify new field in nanotechnology: 'electron
quantum metamaterials’

When two atomically thin two-dimensional layers are stacked on top of each other and one layer is
made to rotate against the second layer, they begin to produce patterns—the familiar moiré
patterns—that neither layer can generate on its own and that facilitate the passage of light and
electrons, allowing for materials that exhibit unusual phenomena. For example, when two
graphene layers are overlaid and the angle between them is 1.1 degrees, the material becomes a
superconductor.

"It's a bit like driving past a vineyard and looking out the window at the vineyard rows. Every now
and then, you see no rows because you're looking directly along a row," said Nathaniel Gabor, an
associate professor in the Department of Physics and Astronomy at the University of California,
Riverside. "This is akin to what happens when two atomic layers are stacked on top of each other.
At certain angles of twist, everything is energetically allowed. It adds up just right to allow for
interesting possibilities of energy transfer."

This is the future of new materials being synthesized by twisting and stacking atomically thin layers,
and is still in the "alchemy" stage, Gabor added. To bring it all under one roof, he and physicist
Justin C. W. Song of Nanyang Technological University, Singapore, have proposed this field of
research be called "electron qguantum metamaterials" and have just published a perspective article
in Nature Nanotechnology.

"We highlight the potential of engineering synthetic periodic arrays with feature sizes below the
wavelength of an electron. Such engineering allows the electrons to be manipulated in unusual
ways, resulting in a new range of synthetic quantum metamaterials with unconventional
responses," Gabor said.

Metamaterials are a class of material engineered to produce properties that do not occur naturally.
Examples include optical cloaking devices and super-lenses akin to the Fresnel lens that lighthouses
use. Nature, too, has adopted such techniques—for example, in the unique coloring of butterfly
wings—to manipulate photons as they move through nanoscale structures.

"Unlike photons that scarcely interact with each other, however, electrons in subwavelength
structured metamaterials are charged, and they strongly interact," Gabor said. "The result is an
enormous variety of emergent phenomena and radically new classes of interacting quantum
metamaterials."

Gabor and Song were invited by Nature Nanotechnology to write a review paper. But the pair chose
to delve deeper and lay out the fundamental physics that may explain much of the research in
electron quantum metamaterials. They wrote a perspective paper instead that envisions the
current status of the field and discusses its future.

"Researchers, including in our own labs, were exploring a variety of metamaterials but no one had
given the field even a name," said Gabor, who directs the Quantum Materials Optoelectronics lab
at UCR. "That was our intent in writing the perspective. We are the first to codify the underlying

physics. In a way, we are expressing the periodic table of this new and exciting field. It has been a
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herculean task to codify all the work that has been done so far and to present a unifying picture.
The ideas and experiments have matured, and the literature shows there has been rapid progress
in creating quantum materials for electrons. It was time to rein it all in under one umbrella and
offer a roadmap to researchers for categorizing future work."

In the perspective, Gabor and Song collect early examples in electron metamaterials and distil
emerging design strategies for electronic control from them. They write that one of the most
promising aspects of the new field occurs when electrons in subwavelength-structure samples
interact to exhibit unexpected emergent behavior.

"The behavior of superconductivity in twisted bilayer graphene that emerged was a surprise,"
Gabor said. "It shows, remarkably, how electron interactions and subwavelength features could be
made to work together in quantum metamaterials to produce radically new phenomena. It is
examples like this that paint an exciting future for electronic metamaterials. Thus far, we have only
set the stage for a lot of new work to come." [29]

Nanocrystals arrange to improve electronics
Lawrence Livermore National Laboratory (LLNL) researchers are working to make better electronic
devices by delving into the way nanocrystals are arranged inside of them.

Nanocrystals are promising building blocks for new and improved electronic devices, due to their
size-tunable properties and ability to integrate into devices at low-cost.

While the structure of nanocrystals has been extensively studied, no one has been able to watch
the full assembly process.

That's where LLNL scientists Christine Orme, Yixuan Yu, Babak Sadigh and a colleague from the
University of California, Los Angeles come in.

"We think the situation can be improved if detailed quantitative information on the nanocrystal
assembly process could be identified and if the crystallization process were better controlled," said
Orme, an LLNL material scientist and corresponding author of a paper appearing in the

journal Nature Communications.

Nanocrystals inside devices form ensembles, whose collective physical properties, such as charge
carrier mobility, depend on both the properties of individual nanocrystals and the way they are
arranged. In principle, ordered nanocrystal ensembles, or superlattices, allow for more control in
charge transport by facilitating the formation of minibands. However, in practice, few devices built
from ordered nanocrystal superlattices are on the market.

Most previous studies use solution evaporation methods to generate nanocrystal superlattices and
probe the assembly process as the solvent is being gradually removed. It is difficult to obtain
guantitative information on the assembly process, however, because the volume and shape of the
nanocrystal solution is continually changing in an uncontrollable manner and the capillary forces
can drive nanocrystal motion during drying.
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Electric field-driven growth offers a solution to this problem. "We have recently demonstrated that
an electric field can be used to drive the assembly of well-ordered, 3-D nanocrystal superlattices,"
Orme said.

Because the electric field increases the local concentration without changing the volume, shape or
composition of nanocrystal solution, the crystallizing system can be probed quantitatively without
complications associated with capillary forces or scattering from drying interfaces.

As anticipated, the team found that the electric field drives nanocrystals toward the surface,
creating a concentration gradient that leads to nucleation and growth of superlattices. Surprisingly,
the field also sorts the particles according to size. In essence, the electric field both concentrates
and purifies the nanocrystal solution during growth.

"Because of this size sorting effect, the superlattice crystals are better ordered and the size of
the nanocrystals in the lattice can be tuned during growth," Orme said. "This might be a useful
tool for optoelectronic devices. We're working on infrared detectors now and think it might be an
interesting strategy for improving color in monitors." [28]

Nanoparticles form supercrystals under pressure

Self-assembly and crystallisation of nanoparticles (NPs) is generally a complex process, based on the
evaporation or precipitation of NP-building blocks. Obtaining high-quality supercrystals is slow,
dependent on forming and maintaining homogenous crystallisation conditions. Recent studies have
used applied pressure as a homogenous method to induce various structural transformations and
phase transitions in pre-ordered nanoparticle assemblies. Now, in work recently published in

the Journal of Physical Chemistry Letters, a team of German researchers studying solutions of gold
nanoparticles coated with poly(ethylene glycol)- (PEG-) based ligands has discovered that
supercrystals can be induced to form rapidly within the whole suspension.

Over the last few decades, there has been considerable interest in the formation of nanoparticle
(NP) supercrystals, which can exhibit tunable and collective properties that are different from that
of their component parts, and which have potential applications in areas such as optics, electronics,
and sensor platforms. Whilst the formation of high-quality supercrystals is normally a slow and
complex process, recent research has shown that applying pressure can induce gold nanoparticles
to form supercrystals. Building on this and the established effect of salts on the solubility of gold
nanoparticles (AuNP) coated with PEG-based ligands, Dr. Martin Schroer and his team carried out a
series of experiments investigating the effect of varying pressure on gold nanoparticles in
aqueous solutions. They made an unexpected observation —when a salt is added to the solution,
the nanoparticles crystallise at a certain pressure. The phase diagram is very sensitive, and the
crystallisation can be tuned by varying the type of salt added, and its concentration.

The team used small angle x-ray scattering (SAXS) on beamline 122 to study the crystallisation in situ
with different chloride salts (NaCl, KCI, RbCl, CsCl). As Dr. Schroer explains,
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Fig. 2: Pressure — salt concentration phase diagram of AUNP@PEG. For low pressures, the particles
are in the liquid state, beyond a critical pressure, face-centred cubic (fcc) superlattices are formed
within solution. The crystallisation ...more

122 is one of the few beamlines to offer a high-pressure environment, and it is unusual because the
experimental setup is easily managed by the users themselves. The beamline staff are excellent,
and we are particularly grateful for their expertise in data processing, which was invaluable."

The resulting pressure-salt concentration phase diagram shows that the crystallisation is a result of
the combined effect of salt and pressure on the PEG coatings. Supercrystal formation occurs only at
high salt concentrations, and is reversible. Increasing the salt concentration leads to a continuous
decrease of the crystallisation pressure, whereas the lattice structure and degree of crystallinity is
independent of the salt type and concentration.

When reaching the crystallisation pressure, supercrystals form within the whole suspension;
compressing the liquid further results in changes of the lattice constant, but no further
crystallisation or structural transitions. This technique should be applicable to a variety of
nanomaterials, and future studies may reveal insights into supercrystal formation that will help to
understand crystallisation processes and enable the development of new and quicker methods for
the synthesis of NP supercrystals.

The NP crystallisation appears to be instantaneous, but in this set of experiments there was a
delay of around 30 seconds between applying the pressure and taking the SAXS measurements. Dr.
Schroer and his team are returning to Diamond later this year to carry out time-resolved studies to
further investigate this phenomenon. [27]
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Researchers develop nanoparticle films for high-density data storage
As we generate more and more data, the need for high-density data storage that remains stable
over time is becoming critical. New nanoparticle-based films that are more than 80 times thinner
than a human hair may help to fill this need by providing materials that can holographically archive
more than 1000 times more data than a DVD in a 10-by-10-centimeter piece of film. The new
technology could one day enable tiny wearable devices that capture and store 3-D images of
objects or people.

"In the future, these new films could be incorporated into a tiny storage chip that records 3-D color
information that could later be viewed as a 3-D hologram with realistic detail," said Shencheng Fu,
who led researchers from Northeast Normal University in China who developed the new films.
"Because the storage medium is environmentally stable, the device could be used outside or even
brought into the harsh radiation conditions of outer space."

In the journal Optical Materials Express, the researchers detail their fabrication of the new films and
demonstrate the technology's ability to be used for an environmentally-stable holographic storage
system. The films not only hold large amounts of data, but that data can also be retrieved at speeds
up to 1 GB per second, which is about twenty times the reading speed of today's flash memory.

Storing more data in less space

The new films are designed for holographic data storage, a technique that uses lasers to create and
read a 3-D holographic recreation of data in a material. Because it can record and read millions of
bits at once, holographic data storage is much faster than optical and magnetic approaches
typically used for data storage today, which record and read individual bits one at a time.
Holographic approaches are also inherently high-density because they record information
throughout the 3-D volume of the material, not just on the surface, and can record multiple images
in the same area using light at different angles or consisting of different colors.

Recently, researchers have been experimenting with using metal-semiconductor nanocomposites
as a medium for storing nanoscale holograms with high spatial resolution. Porou