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Quantum interface between light and atomic ensembles

In future quantum communication networks atoms would be used to store
quantum information and photons to transmit it from one place to another.
An interface between atoms and photons will be required. The interface
should be able to reliably transfer the quantum state of the atoms into the
photons and vice versa. This paper reviews the methods proposed so far to
build interfaces between ensembles of atoms and propagating light beams,
as well as the latest experimental achievements.

Baryon spectroscopy

Understanding the fundamental structure of matter requires knowledge of
how quarks and gluons are assembled to form baryons: the family of
strongly interacting particles containing three valence quarks. While about
120 baryons and baryon resonances are known and their spectroscopy has
provided essential clues that led to the development of a theory of the
strong interaction, quantum chromodynamics, it has also left many
puzzles. This article surveys the field of baryon spectroscopy, with an
emphasis on issues, open question, and prospects in this field.

Introduction to quantum noise, measurement, and amplification

The concept of quantum noise is of fundamental importance for problems
related to quantum measurements, and quantum information in general.
This review gives a pedagogical overview of this important topic, includ-
ing a thorough discussion of the quantum limit of linear amplifiers.

Colloguium: Quantum networks with trapped ions

Quantum computation remains one of the most challenging problems in
science. In recent years there have been many developments, theoretical
and experimental, in this active area of research. In this Colloquium the
issue of quantum networks in the context of information exchange be-
tween trapped ions by photons is discussed. Advances in this area can
have huge impacts in communication and computation.
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Feshbach resonances in ultracold gases

A Feshbach resonance is a scattering resonance that occurs when the en-
ergy of an unbound state of a two-body system matches the energy of an
excited state of the compound system. Recognized long ago as an impor-
tant feature in nuclear, atomic, and molecular scattering, and in photoion-
ization and photodissociation, Feshbach resonances have assumed new
importance in ultracold atomic systems. In these systems the energies of
the colliding atoms can be brought into resonance with a high-lying mo-
lecular state by applying a magnetic field or by other means, providing
unprecedented control over the collision dynamics. By allowing precise
control of the interactions, Feshbach resonances thus open a new door to
the study of many-body physics. This review summarizes the theoretical
background of Feshbach resonances and their application to Bose-Einstein
condensates, Fermi gases, and ultracold molecular physics.

Colloquium: Looking at a soliton through the prism of optical
supercontinuum

This Colloquium provides a consistent description of the established the-
oretical picture of the supercontinuum generation and expansion through
nontrivial scenarios of the interaction between solitons and radiation in
optical fibers. These processes are of particular importance for the design
of new schemes for frequency conversion, short pulse generation, and high
speed optical communication.

Vortices on curved surfaces

Curved surfaces are common in soft condensed matter and in biological
systems, and the curvature can be important for the functionality. This
review demonstrates that geometric properties can also influence quantum
mechanical degrees of freedom, using vortices on curved superfluid films
as an example.

Nonperturbative QCD simulations with 2+1 flavors of improved
staggered quarks

A number of developments have allowed for improved numerical studies
of quantum chromodynamics using discrete lattice techniques, including
improved lattice formulations, new algorithms, and increased computing
power. This article reviews an improved formulation and presents results
for the quark masses, the hadron spectrum, the heavy quark potential,
weak matrix elements, and other quantities.
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Track and vertex reconstruction: From classical to adaptive methods

As the number of particles created in high-energy collisions increases with
collision energy and the rate of interactions is expected to increase sub-
stantially, the task of reconstructing the momenta and angles of individual
particles at their point of production and the task of estimating the location
of the production vertex have become challenging. Adaptive methods have
been developed to meet these challenges, ranging from neural networks
and deformable templates to robust stochastic filters with annealing. They
are presented in this review and compared to classical approaches.

Colloquium: Failure of molecules, bones, and the Earth itself

The structural stability of materials is not only a topic of fundamental
relevance for human life but also shows up in many less obvious situations
in the microscopic world. In this Colloquium article the problem of mate-
rial failure in a large number of situations in nanotechnology, biochemis-
try, and medicine as well as the theoretical aspects of the problem, the
importance of computer simulations, and possible ways to improve the
resistance of materials is discussed. It is expected that this field might lead
to a new generation of tailored materials that have unimaginable structural
stability.

Exciton-polariton Bose-Einstein condensation

The achievement of Bose-Einstein condensation (BEC) in exciton systems
is balked by the short lifetime of excitons. However, by employing polari-
tons rather than excitons, and using concepts of cavity quantum electro-
dynamics, the possibilities for BEC are vastly improved. Using a two-
dimensional planar geometry, a quantum degenerate polariton gas has
been observed within the BEC region. This review describes the theory of
semiconductor microcavity polaritons, including polariton superfluidity.
Experimental progress is reported and a number of novel experimental
possibilities are discussed including condensation in lattices and room
temperature condensation.

Anomalous Hall effect

The anomalous Hall effect occurs in solids with broken time reversal
symmetry, typically a ferromagnetic phase, as a consequence of spin-orbit
coupling. This review summarizes experimental and theoretical studies on
specific materials and then distinguishes the differences between intrinsic,
skew scattering, and side-jump contributions. The emphasis is on provid-
ing a global view of the anomalous Hall effect by elucidating the link
between semiclassical and microscopic theory.
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Colloquium: Time-resolved scanning tunneling microscopy

Scanning tunneling microscopy (STM) is one of the most powerful tech-
niques to study materials at the molecular and atomic scale. Besides being
used as a way to manipulate atoms, or studying local spectroscopic prop-
erties of materials, STM even reveals motion on the atomic scale. This
technique also opens up the door to the possibility for real-time studies of
chemical reactions on surfaces. In this Colloquium the field of time-
resolved STM is reviewed and its newest developments are discussed.

Dynamics of filaments and membranes in a viscous fluid

Soft matter—Iliquids, colloidal crystals, and in general objects that are thin
in one or two dimensions like bacterial flagella, actin filaments, and cell
membranes—is easy to deform. The physics behind deformation is di-
rectly connected to understanding the shapes of the deformed systems and
hence to the question of how curves and surfaces behave under the influ-
ence of external forces. The present article addresses this problem from
the point of differential geometry for such curves and surfaces—filaments
and membranes—in a viscous fluid and illustrates the formalism with two
simple case studies.

First-principles theory of dilute magnetic semiconductors

Dilute magnetic semiconductors are of immense interest for both funda-
mental and practical reasons. This review provides an overview of meth-
ods for understanding their properties from first principles, using ab initio
calculations, Monte Carlo simulations, and density functional theory.

Genetic demixing and evolution in linear stepping stone models

Populations of organisms change over time, since individuals which are
more fit are selected over others. Populations also change by random
genetic drift. Even in a population of different types of individuals with
equal fitness, the frequencies of types change from generation to genera-
tion due to random fluctuations. This review article applies the tools of
nonequilibrium statistical mechanics to show how the effects of the evo-
lutionary forces of selection and genetic drift vary dramatically depending
on whether the population is well mixed or segregated into spatial pat-
terns.
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Colloquium: Identifying the propagating charge modes in doped
Mott insulators

The problem of strongly interacting electrons close to a Mott insulating
state is one of the most challenging theoretical problems in condensed
matter physics. In this Colloquium article the problem is analyzed under a
new light, both theoretically and experimentally. By focusing on the nature
of the actual propagating charge modes of these complex systems, a com-
pelling case is drawn for the need of a new theoretical framework that can
describe the unusual excitations in materials such as cuprate superconduct-
ors.

Colloquium: Transport in strongly correlated two dimensional
electron fluids

Two-dimensional electron liquids are quintessential quantum mechanical
systems where quantum fluctuations allied to strong interactions lead to
unusual electronic phases. In this Colloquium the experimental and theo-
retical results associated with systems with particular attention to the con-
troversial problem of the metal-insulator transition in the two-dimensional
electron gas are presented. Also discussed are the various open issues in
this important field of condensed matter research.

Collogquium: Gripped by light: Optical binding

Macroscopic objects can interact with each other by exchanging light. This
interaction can have unexpected effects such as the formation of structures
with high degree of organization. In this Colloquium this emerging field of
optical binding is reviewed from the theoretical as well as experimental
perspective.

Laser-driven nonlinear cluster dynamics

Clusters are nanometer-sized objects of atoms or molecules with a finite
number of particles and represent a special state of condensed matter.
Their adjustable size and high local density provides for detailed analysis
of ultrafast laser-matter interactions in many-particle systems. The elec-
tron and ion dynamics as well as their complex interrelation is explored
for various excitation regimes ranging from single-photon absorption up to
the strong-field domain. This article reviews laser-cluster interactions, pro-
viding an understanding of key phenomena in relation to the interactions
regimes in which they prevail.

The physical and chemical properties of heteronanotubes

The modification, doping, and general formation of single-walled hetero-
nanotubes which contain carbon, boron, and nitrogen are of great interest
to scientists working in different fields for fundamental and applied rea-
sons. This review focuses on the theoretical concepts and experimental
approaches embracing the gamma from nanotubes of C with low B or N
doping to BN nanotubes and the new physics behind them.
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Long range interactions in nanoscale science

Forces that reach beyond the length of an interatomic bond dominate the
organization of matter at the scale of nanometers. This review describes
long range electrodynamic, electrostatic, and polar interactions. The basic
physics is illustrated with instructive examples drawn from a diverse array
of topics, including carbon nanotubes, DNA, interfaces and surfaces, and
suspensions. The review concludes with a survey of how long range in-
teractions at the nanoscale can be manipulated for practical use.

Publisher’s Note: Dynamics of filaments and membranes in a
viscous fluid [Rev. Mod. Phys. 82, 1607 (2010)]
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