Cosmological Lithium Problem

This problem is among the still unresolved questions of the current standard
description of the Big Bang. [46]

Recent observations have created a puzzle for astrophysicists: Since the Big Bang,
fewer galaxy clusters have formed over time than were actually expected. [45]

Scanning the sky for X-ray sources, ESA's XMM-Newton X-ray observatory has been
busy with the XXL Survey, its largest observational programme to date. [44]

A duo of researchers from the Czech Republic has performed a study of the neutral
hydrogen supershell known as GS242-03+37, a large structure in the Milky Way

galaxy. [43]

The energy transfer processes that occur in this collisionless space plasma are
believed to be based on wave-particle interactions such as particle acceleration by
plasma waves and spontaneous wave generation, which enable energy and
momentum transfer. [42]

Plasma particle accelerators more powerful than existing machines could help probe
some of the outstanding mysteries of our universe, as well as make leaps forward in
cancer treatment and security scanning—all in a package that's around a
thousandth of the size of current accelerators. [41]

The Department of Energy's SLAC National Accelerator Laboratory has started to
assemble a new facility for revolutionary accelerator technologies that could make
future accelerators 100 to 1,000 times smaller and boost their capabilities. [40]

The authors designed a mechanism based on the deployment of a transport barrier to
confine the particles and prevent them from moving from one region of
the accelerator to another.

"There is strong experimental evidence that there is indeed some new physics lurking
in the lepton sector," Dev said. [38]

Now, in a new result unveiled today at the Neutrino 2018 conference in Heidelberg,
Germany, the collaboration has announced its first results using antineutrinos, and
has seen strong evidence of muon antineutrinos oscillating into electron
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antineutrinos over long distances, a phenomenon that has never been unambiguously
observed. [37]

The Precision Reactor Oscillation and Spectrum Experiment (PROSPECT) has
completed the installation of a novel antineutrino detector that will probe the
possible existence of a new form of matter. [36]

The MINERVA collaboration analyzed data from the interactions of an antineutrino—
the antimatter partner of a neutrino—with a nucleus. [35]

The inclusion of short-range interactions in models of neutrinoless double-beta decay
could impact the interpretation of experimental searches for the elusive decay. [34]

The occasional decay of neutrons into dark matter particles could solve a long-
standing discrepancy in neutron decay experiments. [33]

The U.S. Department of Energy has approved funding and start of construction for the
SuperCDMS SNOLAB experiment, which will begin operations in the early 2020s to
hunt for hypothetical dark matter particles called weakly interacting massive
particles, or WIMPs. [32]

Thanks to low-noise superconducting quantum amplifiers invented at the University
of California, Berkeley, physicists are now embarking on the most sensitive search yet
for axions, one of today's top candidates for dark matter. [31]

The Axion Dark Matter Experiment (ADMX) at the University of Washington in
Seattle has finally reached the sensitivity needed to detect axions if they make up

dark matter, physicists report today in Physical Review Letters. [30]

Now our new study - which hints that extremely light particles called neutrinos are
likely to make up some of the dark matter - challenges our current understanding of
its composition. [29]

A new particle detector design proposed at the U.S. Department of Energy's Lawrence
Berkeley National Laboratory (Berkeley Lab) could greatly broaden the search for
dark matter—which makes up 85 percent of the total mass of the universe yet we
don't know what it's made of—into an unexplored realm. [28]

University of Houston scientists are helping to develop a technology that could hold
the key to unraveling one of the great mysteries of science: what constitutes dark
matter? [27]
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This week, scientists from around the world who gathered at the University of
California, Los Angeles, at the Dark Matter 2018 Symposium learned of new results in
the search for evidence of the elusive material in Weakly Interacting Massive
Particles (WIMPs) by the DarkSide-50 detector. [26]

If they exist, axions, among the candidates for dark matter particles, could interact with
the matter comprising the universe, but at a much weaker extent than previously
theorized. New, rigorous constraints on the properties of axions have been proposed by

an international team of scientists. [25]

The intensive, worldwide search for dark matter, the missing mass in the universe, has
so far failed to find an abundance of dark, massive stars or scads of strange new
weakly interacting particles, but a new candidate is slowly gaining followers and

observational support. [24]

“We invoke a different theory, the self-interacting dark matter model or SIDM, to show
that dark matter self-interactions thermalize the inner halo, which ties ordinary dark
matter and dark matter distributions together so that they behave like a collective
unit.” [23]

Technology proposed 30 years ago to search for dark matter is finally seeing the light.
[22]

They're looking for dark matter—the stuff that theoretically makes up a quarter of our

universe. [21]

Results from its first run indicate that XENONI1T is the most sensitive dark matter
detector on Earth. [20]

Scientists at Johannes Gutenberg University Mainz (JGU) in Germany have now come
up with a new theory on how dark matter may have been formed shortly after the

origin of the universe. [19]

Map of dark matter made from gravitational lensing measurements of 26 million

galaxies in the Dark Energy Survey. [18]

CfA astronomers Annalisa Pillepich and Lars Hernquist and their colleagues compared
gravitationally distorted Hubble images of the galaxy cluster Abell 2744 and two other

clusters with the results of computer simulations of dark matter haloes. [17]
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In a paper published July 20 in the journal Physical Review Letters, an international
team of cosmologists uses data from the intergalactic medium— the vast, largely

empty space between galaxies—to narrow down what dark matter could be. [16]

But a new hypothesis might have gotten us closer to figuring out its identity, because
physicists now suspect that dark matter has been changing forms this whole time -
from ghostly particles in the Universe's biggest structures, to a strange, superfluid state

at smaller scales. And we might soon have the tools to confirm it. [15]

Superfluids may exist inside neutron stars, and some researchers have speculated that
space-time itself may be a superfluid. So why shouldn’t dark matter have a superfluid
phase, too? [14]

"The best result on dark matter so far—and we just got started." This is how scientists
behind XENON1T, now the most sensitive dark matter experiment world-wide,
commented on their first result from a short 30-day run presented today to the

scientific community. [13]

The gravitational force attracting the matter, causing concentration of the matter in a
small space and leaving much space with low matter concentration: dark matter and

energy.

There is an asymmetry between the mass of the electric charges, for example proton
and electron, can understood by the asymmetrical Planck Distribution Law. This
temperature dependent energy distribution is asymmetric around the maximum
intensity, where the annihilation of matter and antimatter is a high probability event.
The asymmetric sides are creating different frequencies of electromagnetic radiations
being in the same intensity level and compensating each other. One of these
compensating ratios is the electron — proton mass ratio. The lower energy side has no
compensating intensity level, it is the dark energy and the corresponding matter is the
dark matter.

SIMPs would resolve certain discrepancies between simulations of the distribution of

dark matter, like this one, and the observed properties of the galaxies.

In particle physics and astrophysics, weakly interacting massive particles, or WIMPs,

are among the leading hypothetical particle physics candidates for dark matter.
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The Big Bang

The Big Bang caused acceleration created radial currents of the matter, and since the matter is
composed of negative and positive charges, these currents are creating magnetic field and
attracting forces between the parallel moving electric currents. This is the gravitational force
experienced by the matter, and also the mass is result of the electromagnetic forces between the
charged particles. The positive and negative charged currents attracts each other or by the
magnetic forces or by the much stronger electrostatic forces!?

The gravitational force attracting the matter, causing concentration of the matter in a small space
and leaving much space with low matter concentration: dark matter and energy.

There is an asymmetry between the mass of the electric charges, for example proton and electron,
can understood by the asymmetrical Planck Distribution Law. This temperature dependent energy
distribution is asymmetric around the maximum intensity, where the annihilation of matter and
antimatter is a high probability event. The asymmetric sides are creating different frequencies of



electromagnetic radiations being in the same intensity level and compensating each other. One of
these compensating ratios is the electron — proton mass ratio. The lower energy side has no
compensating intensity level, it is the dark energy and the corresponding matter is the dark matter.

The cosmological lithium problem

The international collaborative n_TOF, in which a group of University of Seville researchers
participated, has made use of the unique capacities of three of the world's nuclear facilities to carry
out a new experiment aimed at finding an explanation of the cosmological lithium problem. This
problem is among the still unresolved questions of the current standard description of the Big Bang.
The new experimental results, their theoretical interpretations and their implications have been
published in Physical Review Letters.

Nuclear reactions responsible for the creation and destruction of atomic nuclei during the Big Bang
are crucial in the determining the primordial abundance of lithium, the third (and last) chemical
element formed during the very early phase of the creation of the universe. The standard models of
the Big Bang predict an abundance of Li’, the main lithium isotope, three or four times more than
that actually observed. Recently, at the n_TOF facility at CERN, researchers investigated the
possibility of a neutron channel that might be able to increase the destruction rate of the isotope
Be7, the precursor of Li7, and therefore make the calculated and observed cosmological abundance
of lithium compatible.

"Potentially, a neutron reaction channel might be able to resolve the cosmological lithium problem,
which is one of the still unresolved aspects of the current standard description of the Big Bang,"
says University of Seville Professor José Manuel Quesada.

At the SINQ facility at PSI (Villigen Switzerland) the "uncut" material for use in the new experiment
was separated. The material was then sent to the ISOLDE radioactive beam facility at CERN to
produce a pure target with less than 0.1 milligrams of Be7, which was then sent to the n_TOF
facility to be included in neutron measurements.

This is the first time that the two CERN facilities dedicated to nuclear physics experiments have
carried out an experiment together, using the ISOLDE radioactive ion beam to produce the target
necessary for an experiment at n_TOF using the neutron time-of-flight technique.

In a previous experiment at n_TOF, the effective section of the Be(n,a)*He reaction was measured
in a wide range of energies, which allowed for the imposition of strict restrictions on one of the
destruction mechanisms of isotope Be; during the Big Bang. In this experiment, however, the
reaction ’Be(n,p)’Li was measured, extending previously acquired data to a greater range of
energies, allowing for the updating of the reaction rate used in the calculations in the standard
model of the Big Bang.

"Although the new data obtained from the experiments at n_TOF allow for the establishment of a
much firmer basis for BBN calculations, the conclusion of this project is that neutron channels are
not enough to resolve the cosmological lithium problem. The scientific community has a challenge
that will require additional efforts to resolve, and this will involve the fields of nuclear astrophysics,
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astronomic observations, non-standard cosmology and even new physics beyond the Standard
Model of particle physics," the researchers write. [46]

Observations challenge cosmological theories

Recent observations have created a puzzle for astrophysicists: Since the Big Bang, fewer galaxy
clusters have formed over time than were actually expected. Physicists from the university of Bonn
have now confirmed this phenomenon. For the next three years, the researchers will analyze their
data in even greater detail. This will put them in a position to confirm whether the theories
considered valid today need to be reworked. The study is part of a series of 20 publications
appearing in the professional journal Astronomy and Astrophysics.

Nearly 13.8 billion years ago, the Big Bang marked the beginning of the universe. It created space
and time, but also all the matter of which our universe consists today. From then on, space
expanded at a terrifying rate, and so did the diffuse fog in which the matter was nearly evenly
distributed.

But not completely: In some regions, the fog was a little bit denser than in others. As a result, these
regions exerted a slightly stronger gravitational pull and slowly attracted material from their
surroundings. Over time, matter concentrated increasingly within these condensation points. At the
same time, the space between them gradually became emptier. Over 13 billion years, this resulted
in the formation of a sponge-like structure—big "holes" devoid of matter, separated by small areas
within which thousands of galaxies agglomerate—the galaxy clusters.

Six parameters explain the whole universe

The Standard Model of cosmology describes this history of the universe, from the first seconds after
the Big Bang to the current day. The beauty of it: The model explains, with only six parameters,
everything known today about the birth and evolution of the universe. Nonetheless, the model may
now have reached its limits. "New observational evidence points to the fact that the matter is
distributed today in a different way than the theory predicts," explains Dr. Florian Pacaud from the
Argelander-Institut fir Astronomie of the University of Bonn.

It all started with the measurements of the Planck satellite, which was launched by the European
Space Agency (ESA) to measure the cosmic background radiation. This radiation is, to some extent,
an afterglow of the Big Bang. It conveys crucial information on the matter distribution in the early
universe; showing the distribution as it was only 380,000 years after the Big Bang.

According to the Planck measurements, this initial distribution was such that, over cosmic time,
more galaxy clusters should have formed than we observe today. "We have measured with an X-ray
satellite the number of galaxy clusters at different distances from ourselves," explains Dr. Pacaud.
The idea behind the measurements: The light from remote galaxy clusters has traveled for billions
of years before reaching us, so we observe them today as they were when the universe was still
young. Nearby clusters, on the other hand, are observed as they appeared much more recently.

"Our measurements confirm that the clusters formed too slowly," said Dr. Pacaud. "We have
estimated to which extent this result conflicts with the basic predictions of the Standard Model."
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While there is a large discrepancy between the measurements and predictions, the statistical
uncertainty in the present study is not yet tight enough to challenge the theory. However, the
researchers expect to obtain substantially more constraining results from the same project within
the next three years. This will finally reveal whether the Standard Model needs to be revised.

Dark energy—a constant?

The study also supplies a glimpse into the nature of dark energy. This mysterious constituent of
the universe acts as a kind of interstellar baking powder, causing the acceleration of cosmic
expansion. The "amount" of dark energy—the cosmological constant—should have stayed the
same since the Big Bang—or so assumes the Standard Model of cosmology. Many observations
seem to point in this direction. "Our measurement also supports this thesis," explains Dr. Pacaud.
"But here again, we shall obtain more precise results in the near future." [45]

Tracing the Universe: X-ray survey supports standard cosmological

model

Scanning the sky for X-ray sources, ESA's XMM-Newton X-ray observatory has been busy with the
XXL Survey, its largest observational programme to date. The second batch of data from the survey
has just been released, including information on 365 galaxy clusters, which trace the large-scale
structure of the Universe and its evolution through time, and on 26 000 active galactic nuclei (AGN).

By examining two large regions of the sky at great sensitivity, this is the first X-ray survey to detect
enough galaxy clusters and AGN in contiguous volumes of space to make it possible for scientists to
map the distribution of these objects out to the distant Universe in unprecedented detail. The
results are compatible with expectations from the currently-accepted cosmological model.

X-rays are produced in some of the most energetic processes in the Universe, but because they are
blocked by Earth's atmosphere, they can only be observed from space. When X-ray telescopes
observe the extragalactic Universe, they basically see two sources: the hot gas pervading clusters
of galaxies, and Active Galactic Nuclei (AGN) — bright, compact regions at the centres of some
galaxies where a supermassive black hole is accreting the surrounding matter.

ESA's XMM-Newton is one of the most powerful X-ray telescopes ever placed in orbit. Over the last
eight years, it has spent 2000 hours measuring X-ray radiation as part of the XXL Survey, which
searched for galaxy clusters and AGN by scanning two areas of seemingly-empty sky each
measuring 25 square degrees (as a reference, the full moon measures about half a degree across).

The first set of XXL data was released in 2015; it included 100 of the brightest galaxy clusters and
1000 AGN. This month, a new data catalogue was published containing an astonishing 365 clusters
and 26 000 AGN. The first results using this data are published in a special issue of Astronomy &
Astrophysics.

The survey mapped X-ray clusters so distant that the light left them when the Universe was just half
of its present age, and AGN that are even further away. Some of the observed sources are so far-
flung that XMM-Newton received no more than 50 X-ray photons from them, making it challenging
to tell whether they are clusters or AGN.
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"It was relatively easy to find galaxy clusters and AGN, because they are the only extragalactic
objects visible in X-ray light," explains Marguerite Pierre from CEA Saclay, France.

Composite view of the galaxy cluster XLSSC006, combining observations in X-rays performed by
ESA's XMM-Newton space observatory as part of the XXL survey (shown in purple) with optical and
near-infrared data from the Canada-France-Hawaii ...more

"But we had to use several other telescopes collecting light at many different wavelengths, as well
as extensive computing facilities, to gather more information about each source, including pinning
down their nature and distance."

Matter in the Universe is not evenly distributed but forms a cosmic web of filaments shaped by
gravity, with galaxy clusters found at their intersections. Galaxy clusters are the largest bound
entities in the Universe — they trace the highest density peaks in its large-scale structure, making
them a powerful tool for answering questions about cosmology.

The structure and evolution of the Universe is described by a set of cosmological parameters, which
include the density of its various components and the rate that it is expanding. Currently, we know
the value of many of these parameters fairly well, but large samples of cosmic tracers at a variety of
distances are required to more accurately describe the underlying structure of the Universe. The
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ultimate goal of the XXL Survey is to provide an extensive, well-characterised catalogue of clusters
that can be used to constrain the cosmological parameters.

ESA's Planck satellite determined values for cosmological parameters by studying the cosmic
microwave background, which is information from the very early Universe. After estimating these
parameters using the latest data from the XXL Survey — which is based on information from the
more recent Universe — scientists compared their findings against the Planck values.

"Although we didn't find as many galaxy clusters as predicted by the Planck cosmological model, we
obtained a distribution of clusters and AGN that is compatible with the currently favoured
cosmological model, which resorts to Einstein's cosmological constant as an explanation for the
accelerated expansion of the Universe, rather than invoking even more exotic possibilities,"
explains Marguerite Pierre.

"We can already improve on the Planck estimate for the cosmological constant, even though our
analysis has only been carried out on half of the XXL cluster sample; we will spend the next couple

of years analysing the rest of the data with the aim of refining the cosmological constraints."

It is more difficult to estimate values for the cosmological parameters using AGN, as their

properties are affected by many external influences. Scientists have instead been using the AGN
data from the XXL Survey to understand more about how black holes form and evolve.
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This mosaic shows the 365 galaxy clusters of the XXL Survey as imaged in optical wavelengths by
the Canada-France-Hawaii Telescope and by the Blanco telescope at the Cerro Tololo Inter-
American Observatory. The clusters are ordered by ...more

Thanks to XXL, this is the first time that scientists have been able to measure the three-dimensional
clustering effect of distant X-ray clusters and AGN on very large scales. They can now finally see
where the AGN are located within the large-scale structure of the Universe indicated by the galaxy
clusters.

The results confirm that XMM-Newton is a powerful survey machine. They also pave the way for
the final cosmological analysis of this survey, which will provide independent constraints on
the cosmological parameters to unravel more mysteries of the Universe.

The cosmic web will be probed further by ESA's future Euclid satellite, which will observe light
emitted up to 10 billion years ago. Euclid will see a huge number of sources, as it will detect optical
and infrared light; with its large surveyed area and rich multi-wavelength coverage, the XXL data
will serve as a reference for these observations.

Observations by XMM-Newton have also raised new questions about the physics of galaxy
clusters, which will be investigated in greater detail by ESA's next X-ray mission, Athena. Due to
launch in 2031, Athena will be far more sensitive than its predecessor. While XMM-Newton can
observe clusters at a variety of distances from us, probing different epochs in the Universe's
history, Athena will observe clusters so distant that their light left them as they were forming,
telling us even more about the way these gigantic structures take shape and evolve.

In the meantime, scientists in the XXL collaboration plan to process the remaining observations and
review data using improved processing techniques. The final XXL data release containing even more
X-ray sources, as well as the complete cosmological analysis, is foreseen for 2021.

"It is very exciting that data from this space telescope is contributing to our understanding of the
evolution of the Universe," concludes Norbert Schartel, XMM-Newton Project Scientist at ESA. "This
was made possible thanks to the collaboration between a huge number of institutions across many
different countries." [44]

Researchers study a neutral hydrogen supershell in the Milky Way

A duo of researchers from the Czech Republic has performed a study of the neutral hydrogen
supershell known as GS242-03+37, a large structure in the Milky Way galaxy. The research,
presented in a paper published September 11 on arXiv.org, provides insights into the nature of this
supershell and into its interactions with surroundings.

Supershells, also called superbubbles, are large cavities hundreds of light-years across containing
hot gas atoms. The gaseous material in supershells, carved out by supernovae and stellar winds, is
blown against surrounding interstellar medium as it is less dense than the medium.

Discovered in 1979, GS242-03+37 is a neutral hydrogen supershell located in the outer Milky Way.
It is a dominant object observed in the neutral hydrogen maps of the galaxy, and its size and
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position make it an excellent laboratory for astronomers studying the effects of large shells on their
surroundings.

Sona Ehlerova and Jan Palous from the Astronomical Institute of the Czech Academy of Sciences in
Prague, Czech Republic, decided to learn more about GS242-03+37. Based on neutral hydrogen and
carbon monoxide radio observations, as well as available data regarding star clusters in the area,
the researchers conducted numerical simulations of the supershell's structure, which allowed
them to determine crucial parameters of this cavity.

"We perform numerical simulations of the structure with the simplified hydrodynamical code RING,
which uses the thin-shell approximation. The best fit is found by a comparison with the HI data, and
then we compare the model with the distribution of star clusters near this supershell," the
astronomers wrote in the paper.

Ehlerova and Palous found that GS242-03+37 is a relatively old structure when compared to other
supershells. They estimate that has an age of at least 80 million years, most likely around 120
million years. According to the researchers, GS242-03+37 could survive so long in the galaxy
because it is luckily placed very near the corotation radius of the spiral structure and therefore is
not disturbed by the passage of the spiral arms, which could destroy the shell.

The findings detailed in the paper also put the current status of GS242-03+37 into question. The
researcher calculated that the structure is not as energetic as was once thought. Therefore, it may
not be a supershell in the strict "energetic" definition.

"Given all the uncertainties and approximations, we still refer to GS242-03+37 as a supershell, even
though the basic model suggests its energy is lower than the minimum value of the energy of the
supershell," the paper reads.

The study also suggests that there is a correlation between GS242-03+37 and the distribution of
young (less than 120 million years old) star clusters. The authors of the paper found that young
clusters tend to be preferentially located in walls of the supershell. [43]

Wave-particle interactions allow collision-free energy transfer in space

plasma

The Earth's magnetosphere contains plasma, an ionized gas composed of positive ions and negative
electrons. The motion of these charged plasma particles is controlled by electromagnetic fields. The
energy transfer processes that occur in this collisionless space plasma are believed to be based on
wave-particle interactions such as particle acceleration by plasma waves and spontaneous wave
generation,which enable energy and momentum transfer.

However, while the coexistence of waves with accelerated patrticles in the magnetosphere has
been studied for many years, the gradual nature of the interactions between them has made
observation of these processes difficult. Detection of local energy transfer between the particles
and the fields is therefore required to enable quantitative assessment of their interactions.
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Researchers from Nagoya University's Institute for Space-Earth Environmental Research (ISEE) are
part of a research team that have performed ultrafast measurements using four Magnetospheric
Multiscale (MMS) spacecraft to evaluate the energy transfer that occurred during interactions
associated with electromagnetic ion cyclotron waves. "We observed that the ion distributions were
not symmetrical around the magnetic field direction but were in fact in phase with the plasma
wave fields," states Nagoya University's Masafumi Shoji.

The high-time-resolution measurements provided by the MMS spacecraft were combined with
composition-resolved ion measurements to demonstrate the simultaneous occurrence of two
energy transfers. The first energy transfer was from hot anisotropic hydrogen ions to an ion
cyclotron wave via a cyclotron resonance process,while the second transfer was from the cyclotron
wave to helium ions,which took place via a nonresonant interaction and saw the cold He* ions
being accelerated to energies of up to 2 keV.

Fig. 2: The energy transfer process from the hydrogen ions to the helium ions occurs via wave-
particle interactions. Credit: Nagoya University

"This represents direct quantitative evidence of the occurrence of collisionless energy transfer
between two distinct particle populations via wave-particle interactions,"says Yoshizumi Miyoshi
from Nagoya University's ISEE. "Measurements of this type will even provide the capability to
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identify the types of wave-particle interactions that are occurring." The team's findings were
recently published in Science.

It is hoped that this research represents a major step towards a quantitative understanding of
wave-particle interactions and enerqy transfer between particle populations in space plasma.
This would have implications for our understanding of a wide variety of space plasma phenomena,
including the Van Allen radiation belt, geomagnetic storms, auroral particle precipitation, and
atmospheric loss from planets, such as the loss of oxygen ions from Earth's atmosphere. [42]

Plasma accelerators could overcome size limitations of Large Hadron
Collider

Plasma particle accelerators more powerful than existing machines could help probe some of the
outstanding mysteries of our universe, as well as make leaps forward in cancer treatment and
security scanning—all in a package that's around a thousandth of the size of current accelerators.
All that's left is for scientists to build one.

If you know what a particle accelerator is, you probably think first of the Large Hadron Collider
(LHC) — that gargantuan ring on the Franco-Swiss border that smashes protons and ions together,
exposing the secrets of the subatomic world.

Built by the European lab CERN, the LHC accelerates particles to the kinds of speeds found during
the eruption of the early universe. To do so, it needs a very, very big circumference — 27 kilometres.

Yet the LHC is already finding limits to what it can explore. Physicists want even more powerful
accelerators — but building one much bigger than the LHC is hard to contemplate.

Dr. Ralph Assmann, a leading scientist at the German particle physics lab DESY, believes a
completely different approach is needed. He thinks accelerators can be powerful, yet up to 1,000
times smaller, if they are based on a strange type of matter known as a plasma — a cloud of
negative electrons and positive ions.

"Plasma accelerators provide a path to energies beyond the LHC," he said. "Particle physicists must
take this opportunity very seriously."

Swing

Conventional accelerators work by sending charged particles through oscillating electromagnetic
fields. By switching back and forth, these fields kick the particles to an incrementally

higher energy with every cycle — a bit like pushing a child on a swing.
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A two-storey design limits the length of the 5 GeV EuPRAXIA plasma accelerator facility, although it
could extend to 35-250m depending on what applications are added downstream. Diagram not to
scale. Credit: Horizon

The trouble with this approach is that the individual kicks — which are generated by electrical
components — can only be so powerful, or the field itself will break down. High energies therefore
demand lots and lots of soft kicks, which is why conventional accelerators get so big.

Plasmas, however, can sustain much bigger fields. Nearly 40 years ago, physicists discovered that if
a laser pulse or a particle beam is sent into a plasma, it is possible to momentarily separate the
negative and positive charges, generating a field of some 100 billion volts per metre.

Any electrons stranded in the wake of this separation are propelled forwards. The effect, like a
surfer riding a wave, is known as plasma wakefield acceleration.

In recent years, the energies accessible with plasma wakefield accelerators have risen sharply.
Scientists like Dr. Assmann want to increase these energies, but also to improve the stability and
quality of the electron beams coming out of the accelerator.
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Host of applications

That would make plasma accelerators suitable for particle physics but also a host of other
applications, including cancer treatment, medical diagnostics, security scanners and the study of
advanced materials. Conventional accelerators already help with these applications, but their size
and cost means that demand currently far outstrips supply.

Dr. Assmann is coordinating a project, EUPRAXIA, to come up with a design for the world's first
plasma wakefield accelerator with an energy of five giga-electronvolts (GeV) that can actually be
used for research. That is less than one-thousandth the energy of the LHC but, as Dr. Assmann
points out, you have to walk before you can run.

"Clearly, high-field accelerators, like plasma accelerators, (are) the logical long-term solution for

advancing the energy frontier in particle physics," he said. "But it will require a realistic and
sustained approach."

The AWAKE experiment uses a proton beam to create a strong plasma wakefield. Credit: CERN

With 40 labs and universiti