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Photonic crystals efficiently
control wave propagationon a
wavelength scale, but can become
very large when long wavelengths
are involved. Metamaterials made
of resonant unit cells can, however,
confine and guide waves even at
scales far below their wavelength,
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Different experimental

probes have found different
bosonicmodes in the iron-based
superconductors. A scanning
tunnelling spectroscopy study of
two separate superconductors
now links the tunnelling mode
with the 'neutron resonance’,
both of which vanish when
superconductivity disappears.
Article p42

The electronic properties of
graphene are spatially controlled
from metallic to semiconducting

by patterning steps into the
underlying silicon carbide substrate.
This bottom-up approach could

be the basis for integrated
grapheneelectronics,
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Linear-stability measures for
assessing the state of a dynamical
system are inherently local, and
thus insufficient to quantify
stability against substantial
perturbations. The volume of a
state's basin of attraction offers a
powerful alternative — and points
toward a plausible explanation for
regularity in real-world networks.
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Topological insulators are now
shown to be protected not only
by time-reversal symmetry, but

also by crystal lattice symmetry.
By accounting for the crystalline
symmetries, further topological
insulators can be predicted.
Article p98
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An all-optical method to measure
the space-time characteristics of an
isolated attosecond pulse, without
temporal and spatial averaging, is
now demonstrated. The approach
will provide further insight into
the generation of ultrafast light,
and may possibly be used to finely
control the pulse characteristics.
Letter p159
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High-harmonic spectroscopy
provides attosecond-scale
information about optical processes
in molecules. Present techniques,
however, cannot simultaneously
measure the phase as a function

of molecular angle and photon
frequency. An approach that
retrieves both the amplitude and the
phase of high-harmonic emission

is now demonstrated, and could
enable a full reconstruction of the
molecularwavefunction.
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Power-grid networks must

be synchronized in order to
function. A condition for the
stability of the synchronous

state enables identification of
network parameters that enhance
spontaneous synchronization —
heralding the possibility of smart
grids that operate optimally in
real-world systems,
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Linking two smoke rings or tying

a single ring into a knot is no

easy feat. Now, however, such
topological vortices are created in
water using 3D-printed hydrofoils.
High-speed imaging shows how
the linked rings spontaneously
separate, and the knots are able

to free themselves. Similar fluid
dynamics may also be relevant in
plasmas, quantum fluids and optics.
Article p253; News & Views p207
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When CaFe,As, is lightly doped
with Co an electronic liquid-
crystalline state emerges, which
becomes the ‘parent” state of high-
temperature superconductivity in
this ferropnictide. A spectroscopic
imaging study shows that the
‘nematic’ order is likely to be an
artefact of the doping itself.
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Understanding the propagation of
spin excitations is a difficult problem
in quantum magnetism. Using
site-resolved imaging in a one-
dimensional atomic gas, it is possible
to track the dynamics of a moving
spin impurity through the Mott-
insulator and superfluid regimes.
Article p235; News & Views p209
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In traditional electron spin resonance
techniques external magnetic fields
are required. Now the electron spin
can be manipulated in the absence

of an applied magnetic field, by a
technique that exploits the spin-orbit
coupling of electrons travelling on
surface acoustic waves.
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A crystal is a band insulator if

the energy bands are filled with
electrons. Partially filled bands
result in a metal, or sometimes a
Mott insulator when interactions

are strong. A study now shows that
for many crystalline structures, the
Mott insulator is the only possible
insulating state, even for filled bands.
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Surface-plasmon polaritons are
hybrid particles that result from

strong coupling between light

and collective electron motion

on the surface of a metal. This
Review presents an overview

of the quantum properties of
surface plasmons, their role in
controlling light-matter interactions
at the quantum level and

potential applications.
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Early specific-heat measurements
of the archetypal spin ice Dy, Ti,0,
showed a residual entropy at low
temperatures similar to that found
in water ice. A technique exploiting
slow thermal equilibration now
reveals an absence of this entropy —
calling into question the nature of
Dy, Ti,0, at low temperatures.
Letter p353; News & Views p326

Artificial spin ice promises a means
of probing dynamics in frustrated
systems, but samples typically only
shift between low-lying energy
states under an external field.
Exploring the energy landscape is
now possible, through exquisite
control over the thermal fluctuations
of mesoscopic magnetic dipoles.
Article p375; News & Views p324
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An experiment now demonstrates
the deterministic continuous-
variable teleportation between

two atomic ensembles at room
temperature. This protocol makes
it possible to teleport time-evolving
quantum states from one ensemble
to the other.
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Magnetic reconnection in the
Earth's magnetosphere accelerates
electrons. And yet energetic
electrons are not created during
reconnection in the solar wind.
Observations from the Cluster
spacecraft now suggest that electron
acceleration is caused by repeated
bursts of plasma flow, which only
occur in situations where the
magnetic reconnection is unsteady.
Letter p426

Magnetic excitations, or spinons,

in a quasi-one-dimensional

quantum magnet are investigated

in an inelastic neutron-scattering
experiment. The measurements
confirm the existence of theoretically
predicted higher-order spinons.
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By means of low-temperature
scanning tunnelling spectroscopy,
a heavy fermion material in its
superconducting and mixed states
can be imaged. Besides probing the
superconducting gap symmetry,
the measurements also reveal
apseudogap.
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When a domain wall of a given
chirality is injected into a magnetic
nanowire, its trajectory through

a branched network of Y-shaped
nanowire junctions — such as a
honeycomb lattice, for instance

— can be pre-determined. This
property has implications for data
storage and processing.

Article p505

The modelling of plasmonic systems
is complicated by the broad range of
length scales involved: the physical
dimensions of the structure might
be as small as Tnm, whereas the
wavelength of the light involved can
be a few hundred nanometres. It

is now shown that transformation
optics, a technique successfully
used to design metamaterials, is
also valuable for circumventing
theseproblems.
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Connection drives contraction

COVER IMAGE

A study of an actomyosin active gel
now demonstrates the importance
of the crosslinking density of actin
polymers in enabling myosin motors
to internally drive contraction and
rupture the network into clusters.
This indicates the central role
played by the cytoskeleton in cell
division and tissue morphogenesis.
Article p591
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A Wigner molecule — a localized
pair of interacting electrons — is now
created in a carbon nanotube. The
high-quality, electronically pristine
tubes enable a full characterization
of the energy spectrum, laying the
groundwork for future studies of
interacting fermion systems in one
and two dimensions.

Article p576

Neuronal networks can
spontaneously exhibit periodic
bursts of collective activity.
High-resolution calcium imaging
and computer modelling of invitro
cultures now reveal that this
behaviour is a consequence of

noise focusing — an implosive
concentration of spontaneous
activity due to the interplay between
network topology and intrinsic
neuronal dynamics.
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'Soliton defects born
of phase transitions

COVER IMAGE

The Kibble-Zurek mechanism
describes the spontaneous
formation of defects in systems
that are undergoing a second-
order phase transition at a finite
rate. Familiar to cosmologists and
condensed-matter physicists, this
mechanism is now found to be
responsible for the spontaneous
creation of solitons in a
Bose-Einstein condensate.
Article p656; News & Views p605
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Cold atoms trapped in dissipative
optical lattices can behave in ways
that cannot be described within the
framework of Boltzmann-Gibbs
statistical mechanics. Recent
theoretical and experimental
developments may lead to a better
understanding of these processes.
Progress Article p615

The relaxation mechanisms of
isolated quantum many-body
systems are insufficiently
understood, but a one-dimensional
quantum gas experiment uncovers
the local emergence of thermal
correlations and their cone-like
propagation through the system.
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A quantum gas trapped in an optical
lattice of triangular symmetry can
now be driven from a paramagnetic
to an antiferromagnetic state by a
tunable artificial magnetic field.
Article p738
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An ab initio study suggests that

a known oxide superconductor,
BaBiO,, can be doped into a
topologically insulating state.

This would simplify topological
insulator-superconductor structures
forapplications.
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Real-world networks are

rarely isolated. A model of an
interdependent network of
networks shows that an abrupt
phase transition occurs when
interconnections between
independent networks are added.
This study also suggests ways to
minimize the danger of abrupt
structural changes to real networks.
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Ultracold atoms in optical
lattices are used to study various
phenomena in condensed-matter

physics, such as magnetism. A
lattice-shaking technique can induce
a strong effective spin-interaction,
leading to the formation of
ferromagneticdomains.
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The intensity of optically-pumped
fluorescence generated from a
single atomic defect in diamond
can be reduced by 80% in just
100 ns by applying infrared laser
light. This result demonstrates the
possibility of using these so-called
nitrogen-vacancy centres to create
optical switches that operate at
room temperature.
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