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987 How higher-spin gravity surpasses the spin-two barrier

Gauge theories mediate forces through particle of spin one while the gravi-

tational force is mediated through particles of spin two. It has long been

thought that there are no consistent theories with fundamental particles of

spin greater than 2, but recent constructions show that while this standard

lore is probably true in flat spacetimes, spaces with constant curvature that

occur in the presence of a cosmological constant provide a loophole that

allows construction of consistent higher-spin generalizations of gravity.

This review explains the original no-go results in flat space and then dis-

cusses the construction of higher-spin theories in backgrounds with a cos-

mological constant.
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1011 Theories of photoelectron correlation in laser-driven multiple atomic

ionization

A century after Einstein’s explanation of the photoelectric effect, ionization

of atoms by light is still a debated subject. This review addresses the new

class of phenomena that occurs when atoms are irradiated with picosecond

or femtosecond laser pulses of intensity above 1 TW/cm2. Pairs of elec-

trons are emitted with a rate that exceeds the prediction of standard optical

ionization theory by several orders of magnitude. The theoretical interpre-

tations that have been proposed for this new few-body effect are reviewed

and their results are compared with recent experimental data.
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1045 Colloquium: Phononics: Manipulating heat flow with electronic analogs

and beyond

Just as electrons in electronics, lattice vibrations or phonons, i.e., the car-

riers of heat, can be manipulated to produce useful devices for controlling

energy and processing information. This Colloquium reviews, from the ex-

perimental and theoretical perspectives, the main issues and challenges in

the young field of phononics.
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1067 Electron-electron interactions in graphene: Current status and

perspectives

Graphene has a unique band structure that leads to a relativistic single-

electron spectrum. This paper reviews the effects of electron-electron inter-

actions, covering phenomena that range from the Dirac liquid that replaces

the familiar Fermi liquid to the Kondo effect, the RKKY interaction, and

superconductivity in graphene. In addition, remaining open issues are dis-

cussed.
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1127 Nobel Lecture: Measuring the acceleration of the cosmic expansion

using supernovae

Saul Perlmutter
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1151 Nobel Lecture: Accelerating expansion of the Universe through

observations of distant supernovae

Brian P. Schmidt

1165 Nobel Lecture: My path to the accelerating Universe

The 2011 Nobel Prize for Physics was shared by Saul Perlmutter, Adam

G. Riess, and Brian P. Schmidt. These papers are the text of the address

given in conjunction with the award.

Adam G. Riess

1177 Extremely high-intensity laser interactions with fundamental quantum

systems

With the steady increase in recent years of optical laser intensities up to

extremely high values, completely new physical phenomena beyond the

usual atomic-physics energy scales can be studied. The laser light-electron

interaction is pushed to the extreme and allows one to investigate the ra-

diation backaction on the electron dynamics, the structure of the quantum

vacuum, the creation of massive particles such as electrons, muons, and

pions, and their respective antiparticles. The present article discusses fur-

thermore how novel high-intensity lasers and laser-accelerated particle

beams might be used to trigger directly nuclear and high-energy processes

as well as to test the physics beyond the standard model.
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1229 Publisher’s Note: Colloquium: Disclination loops, point defects, and all

that in nematic liquid crystals [Rev. Mod. Phys. 84, 497 (2012)]
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1231 Colloquium: The shape of hadrons

In this Colloquium, the concepts related to the shape of hadrons, the

smallest extended particles in the Universe, and in particular the proton,

are examined. It is shown how recent high-precision experimental results

and theoretical understanding combine to provide a description of hadron

shape, in the context of relativistic quantum field theory. Credence is given

to the conjecture that hadrons, and in particular the proton, are not spheri-

cal.
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1253 One-dimensional quantum liquids: Beyond the Luttinger liquid

paradigm

One-dimensional quantum fluids are usually described within the Luttinger

liquid theory. It simplifies a real system by replacing the true spectrum of

its particles with a linear one. Including the spectrum nonlinearity has pro-

ven to be difficult. This review describes a breakthrough in the theory of a

nonlinearized fluid, which includes a set of universal singularities of the

dynamic response functions and kinetic processes. The theory is a general-

ization of the original one and is applicable to a diverse group of systems.
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1307 From eV to EeV: Neutrino cross sections across energy scales

Neutrinos have been important probes and ingredients of nuclear physics,

elementary particle physics, astrophysics, and cosmology. Their interaction

cross sections are vital for their own sake and also for understanding the

signals and backgrounds associated with neutrino sources, production proc-

esses, oscillations, and other processes such as the search for proton decay.

This review summarizes our knowledge of neutrino cross sections over en-

ergy scales ranging from very low energies up to the ultrahigh energies as-

sociated with astrophysical sources.
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1343 Imaging physical phenomena with local probes: From electrons to

photons

The junction of a nanometer-sized probe tip and a surface contains much

more information than is intrinsic to conventional tunneling and atomic

force measurements. This review focuses on the numerous modifications of

these conventional probes to further elucidate electrical, optical, magnetic,

dielectric, and chemical phenomena at ultrahigh spatial resolution. These

novel spatially localized probes are transforming our understanding of

processes ranging from chemical reactions at surfaces to electron correla-

tions in solids to dielectric polarization of atoms and molecules.

Dawn A. Bonnell

D.N. Basov

Matthias Bode

Ulrike Diebold

Sergei V. Kalinin

Vidya Madhavan

Lukas Novotny

Miquel Salmeron

Udo D. Schwarz

Paul S. Weiss

http://link.aps.org/abstract/prd/v/e
http://link.aps.org/abstract/prd/v/e
http://link.aps.org/abstract/prd/v/e

