astronomy

physics

Electronic
corkscrews
The regular arrangement
of atoms within a solid, crystalline material forms a constant background to which
its electrons must conform.
We recently discovered that
it is possible for electrons in
certain materials to break
free from the rules imposed
by such atomic arrangements,
and assemble into collective
structures shaped like corkscrews. The possible applications of these electronic
corkscrews in technology
as well as fields of science
ranging from chemistry to
robotics are currently being
investigated at the University
of Amsterdam.
→ It has been known for several
decades that given the right circumstances, electrons in semiconducting materials refuse to march
in time with the atomic lattice in
which they live, and instead gather into collective structures that
do not fit snugly into their atomic
backgrounds. Typical arrangements formed by the electrons
as they rebel against the order of
the atomic lattice include stripes,
checkers, honeycombs, and their
three-dimensional equivalents (see
Figure 1). We recently discovered
that it is also possible for electrons
in some crystals to congregate into
spiral structures. These electronic
corkscrews are special because, in

addition to not fitting into the atomic harness, they also spontaneously
develop a handedness. That is, corkscrews look different from any of
their mirror images, just like your
right hand always looks the same
as your left hand when viewed in
a mirror.
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How to become a spiral
Spiral structures are well known
to develop in magnets, where they
also emerge being neither left nor
right-handed despite the underlying atomic lattice. In these cases,
however, the corkscrew is formed
by the microscopic bar magnets
that make up a magnetic material, while the electrons themselves
do not form a spiral. The bar
magnets are good escape artists,
easily escaping the restrictions of
the atomic background because
they can rotate the orientations of
their north and south poles around
three independent directions. Electrons, which do not have a north
or south pole, are unable to copy
this rotation trick and need to be
much more organized in order to
generate a corkscrew structure.
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“We recently
discovered
that it is also
possible for
electrons
in some
crystals to
congregate
into spiral
structures”

The first step for the electrons is
to assemble into lines, standing a
little more closely together than
normally between every third pair
of atoms (see top of Figure 2). Next,
three sets of such lines, each oriented along a different direction,
combine in such a way that the

Figure 1:
Typical arrangements
of electrons breaking
the rules of the underlying atomic lattice
include stripes (top),
checkerboards (bottom
left) and honeycomb
structures.

Figure 2:
Step-by-step instructions for
the formation of an electronic
corkscrew.
(a) Electrons line up, bunching
together between every
third pair of atoms.
(b) Many such lines together
fill up the cubic arrangement of atoms in the
material.
(c) Finally, putting together
three sets of lines, running
in three orthogonal
directions, yields a spiral
pattern, shown here as
coloured lines.
Figure reproduced from:
Van Wezel J. and Littlewood,
P. (2010). ‘Chiral symmetry
breaking and charge order’,
Physics 3, 87
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densely packed regions of electrons
are linked in a spiral shape (bottom
of Figure 2). We have recently been
able to experimentally confirm
our theoretical description of this
highly orchestrated assembly of
electrons into corkscrews patterns.
Corkscrew technology
The presence of a collective organisation of electrons defying the rules
of the underlying atomic structure
brings with it significant consequences for the material properties
of their host. The characteristic features of traditional patterns such
as stripes of electrons, for example,
are used in switches and memory
devices and even feature in sustainable energy applications. The
corkscrew's special contribution
of developing a handedness could
find use in areas such as molecular
motors for nanobots, specialized
light detectors and in steering stereospecific chemical reactions. Next
to these more applied aspects, electronic corkscrews have been argued
to be important in the fundamental physics of superconductors: a
mysterious and currently poorly
understood class of materials that
lose all electrical resistance when
cooled with liquid nitrogen. Our
ongoing work at the University of
Amsterdam, supported by an NWO
Vidi grant, will thus help define the
role played by electronic corkscrews
both in future technologies and
fundamental aspects of science. Ω

Hunting for
starquakes in
magnetars
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→ Off all phenomena that our universe has to offer, neutron stars are
undoubtedly among the most extreme. They are remnants of stellar
explosions and the densest objects
we know. We can use them to study
properties of matter that we cannot
reproduce in an earth-based laboratory, which may help us constrain
theories of nuclear physics. There
is just one big problem: how does
one look inside a solid ball of matter
hundreds of light years away?
Magnetar Bursts and Starquakes
One possible solution comes in
the form of a magnetar, a type of
neutron star. Magnetars have the
strongest magnetic fields ever detected: about a quadrillion times
that of the Earth’s magnetic field.
Changes in these strong magnetic
fields cause the magnetars to emit
bright flashes of light at random intervals. These flares are often relatively faint and short-lived, which
makes them difficult to detect. But
sometimes — very rarely — the
flash is so bright that we can measure its effect on the Earth’s magnetic field. In the tails of these bursts
scientists have detected oscillations
in the light intensity with frequencies that exactly match those one
would expect if parts of the star itself were oscillating. But how could
this happen? The leading hypothesis
is that the magnetic field of the star
slowly changes over time. At the
same time the magnetic field pulls

on the crust of the neutron star
with sufficient force that it cracks.
What happens next is reminiscent
of tectonic plates grating past each
other: a starquake occurs. The star
oscillates and waves travel through
the interior of the neutron star,
which provides the remote observer (us) the opportunity to effectively probe the interior parts of
the star that we cannot see.
Finding the (Oscillating) Needle
in the Magnetar Burst Haystack
The oscillations described above
have only been found in the
brightest of bursts, known as giant flares. Because only three giant flares have been observed so
far, there are few signals on which
scientists have been able to base
their theoretical models of these
sources. That is why we undertook
a study of hundreds of much fainter bursts. Naturally, oscillations
are much harder to find in these
weaker bursts, and the methods
developed for the giant flares are
less well suited for the more complicated cases we were now confronted with. Imagine standing at a
still pond. If you throw in a pebble,
the ripples it produces are easy to
see. Now imagine doing the same
from the deck of a ship, on the
ocean, during a storm. The waves
already present make it extremely
hard to see the ripples your pebble
produced. This was the situation
we found ourselves in: trying to see
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tiny ripples on top of much larger
variations in the magnetar bursts
we observed.
We developed a new method that
could detect ripples even in a storm
or, in our case, in the complex patterns of the light that we receive
from magnetars during a burst. In
common with previous approaches
to this problem we used a special
representation of the data, called
a Fourier transform. The transformed data were compared to
a model of the noise (the storm)
and outliers were identified, corresponding to the periodic signals of
the bursts. Unlike previous studies,
we found a way to characterize the
special and complicated noise in
our data (the ocean waves during a storm), thus boosting our
sensitivity to the signals we were
actually looking for (the ripples).
Using Bayesian statistics, in which
probabilities are seen as a measure
of belief in an outcome, we could
incorporate previous information
into the analysis, and thus rule out
false detections much better than
ever before.
Our newly developed methods
succeeded in detecting several of
the elusive oscillations, even those
from fainter bursts. These newly
discovered bursts are important
as constraints for theoretical models of magnetars, especially of the
origin of the light we observe as
magnetar bursts.
Ω

