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Martin Hewitson Albert Einstein Institute, Hannover 

LISA Pathfinder - A mission status report 

LISA Pathfinder (LPF) is a precursor and technology validation mission for LISA-like Gravitational 
Wave Observatories in space. Some of the key technology needed for these observatories, such 
as micro-Newton propulsion, space-based optical metrology, drag-free control, and inertial 
sensing, will be directly tested on LPF. With a scheduled launch date of July 2015, the mission is 
at an advanced stage of integration and testing. This talk will give an overview of the overall 
mission, giving the status of the various key components, a discussion on the key noise sources, 
and a brief introduction to the experiments that will be carried out during mission operations. 

 

Carl-Johan Haster University of Birmingham 

Validation of approximate mass measurement prediction against Bayesian results. 

The gravitational wave signal from a coalescing compact binary encodes information about the 
parameters of the binary, where its mass and spin parameters are of particular astrophysical 
interest. We compare both existing and new approximate methods for predicting the accuracy 
with which mass parameters can be recovered against a fully coherent Bayesian inference 
analysis, evaluating their relative regions of validity, both in terms of recovered parameter 
accuracy and computational effort required. 

 

Gregory Ashton Universty of Southampton 

Gravitational wave searches from noisy neutron stars 

Neutron stars provide a fruitful laboratory for fundamental physics, their potential as 
gravitational wave emitters makes them a prime candidate for detectors in Advanced LIGO. The 
timing model used by observers to track the phase of pulses, electromagnetic emmisions from 
neutron stars, are limited to a few terms in a Taylor expansion. This model neglects small 
irregularities which occur across the entire pulsar population and are termed timing noise. 
Treating this as unwanted noise both overlooks an opportunity to better understand the neutron 
star structure and may fatally decrease the sensitivity of fully coherent searches for gravitational 
wave emissions. I will demonstrate the loss of sensitivity suffered by full coherent searches and 
discuss the implications for current and planned searches. 
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Michael Puerrer Cardiff University 

Frequency domain reduced order models for gravitational waves from aligned-spin black-hole 
binaries 

Black-hole binary coalescences are one of the most promising sources for the first detection of 
gravitational waves. Fast and accurate theoretical models of the gravitational radiation emitted 
from these coalescences are highly important for the detection and extraction of physical 
parameters. Spinning effective-one-body (EOB) models for binaries with aligned spins have been 
shown to be highly faithful, but are slow to generate and thus have not yet been used for 
parameter estimation studies. I provide a frequency-domain singular value decomposition (SVD)-
based surrogate reduced order model that is hundreds to thousand times faster for typical 
system masses and has a faithfulness mismatch of better than $\sim 0.1\%$ with the original 
SEOBNRv1 model for advanced LIGO detectors. This model enables parameter estimation studies 
up to signal-to-noise ratios (SNRs) of 20 and even up to SNR 50 for masses below $50 M_\odot$. 

This article discusses various choices for approximations and interpolation over the parameter 
space that can be made for reduced order models of spinning BH binaries, provides a detailed 
discussion of errors arising in the construction and assesses the fidelity of such models. 

 

Christian Boehmer University College London 

A new approach to modifying theories of gravity 

We propose a new point of view for interpreting Newton's and Einstein's theories of gravity. By 
taking inspiration from Continuum Mechanics and its treatment of anisotropies, we formulate 
new gravitational actions for modified theories of gravity. These models are simple and natural 
generalisations with many interesting properties. Above all, their precise form can, in principle, 
be determined experimentally. 

 

Sebastian Khan Cardiff University 

Recent developments with modelling the gravitational wave signal from coalescing binary black 
holes 

Phenomenological waveform models of binary black holes are closed form expressions for the 
gravitational wave amplitude and phase in the frequency domainwhose purpose is to be accurate 
for detection by advanced gravitational wave detectors. 

We present ongoing work to extend current models and to quantify their accuracy and scientific 
potential. 
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Mark Hannam Cardiff University 

A model of generic black-hole-binary inspiral, merger and ringdown 

I present a simple model of the gravitational-wave signal from generic configurations of black-
hole binaries, through inspiral, merger and ringdown. The key advance of this model is that  it is 
able to capture the phenomenology of the full seven-dimensional parameter space of binary 
configurations with only three physical parameters. The model has been verified with 
comparisons against hybrid post-Newtonian--numerical-relativity waveforms at a variety of mass 
ratios and spin configurations, although no precessing-binary simulations were used to construct 
the model.  

 

Davide Gerosa DAMTP Cambridge 

Gravitational-wave signals from stellar-mass black-hole binaries in resonant configurations 

Post-Newtonian theory for spinning black-hole binaries predicts the existence of two one-
parameter families of equilibrium solutions ("resonances"), in which the angular momentum and 
both spins jointly precess in a shared common plane. One family tends to align the spins with 
each other, while the other family present a weaker tendency to anti-align the two spins. 
Astrophysical stellar-mass black-hole binaries are likely to be trapped in such spin-orbit 
resonances during the last stages of their inspiral. 

We examine the gravitational-wave waveforms emitted by resonant binaries. We find that signals 
from the two families are qualitatively different and can be distinguished by second-generation 
gravitational-wave observatories (such as Advanced LIGO/Virgo) in sources with sufficient signal-
to-noise ratios. Distinction of the two families in GW observations may provide a way to constrain 
the formation history of massive stellar binaries. 

 

Patricia Schmidt Cardiff University 

Modelling precession effects in binary black holes 

One of the greatest theoretical challenges in the build-up to the Advanced gravitational-wave 
detector era is the modelling of generic binary waveforms. We introduce an approximation that 
has the potential to significantly simplify this problem. We show that generic precessing-binary 
inspiral waveforms (covering a 7-dimensional parameter space) can be mapped to only a two-
dimensional space of non-precessing binaries, characterized by mass ratio and a single effective 
total spin. Further, we show that precession effects can be efficiently modelled with a small 
number of parameters by introducing a single precession parameter. We demonstrate its efficacy 
and outline a general proposal for the construction of precessing-binary waveform models. 
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Tom Callister University of Cambridge 

Eccentric Intermediate Mass Ratio Inspirals: "Analytic Kludge" Waveforms 

Intermediate mass-ratio inspirals (IMRIs) are a candidate gravitational source for Advanced LIGO 
and future ground-based detectors. IMRIs offer a potential wealth of astrophysical information, 
including the first unambiguous detection of an intermediate-mass black hole. Theoretical 
waveform templates are required for the detection and characterization of IMRIs, but IMRI 
template development is subject to several challenges. Because IMRIs merge near the center of 
the LIGO sensitivity band, IMRI waveform templates must include the late merger and ringdown 
stages of the binary coalescence. Additionally, IMRIs formed in globular clusters may retain 
significant (e~0.1) eccentricities near merger as a result of many-body interactions. Motivated by 
these requirements, I will present a new eccentric IMRI waveform model based on the "kludge" 
family of waveforms. These new waveforms cover the full inspiral, merger, and ringdown, and 
can accommodate equatorial orbits of arbitrary eccentricity. 

 

Christopher Berry University of Birmingham 

Understanding transient resonances in extreme-mass-ratio inspirals 

Extreme-mass-ratio inspirals are gravitational-wave signals that originate when are compact 
object orbits a much larger one, e.g. a solar mass black hole orbiting a supermassive black hole. 
Many thousands of orbits could be measured using a space-based gravitational-wave detector, 
making these inspirals ideal probes of the structure of the massive objects spacetime. As the 
inspiral progresses, the orbital frequencies evolve. If the radial and polar frequencies become 
commensurate, the system passes through a transient resonance. Resonances may be a generic 
feature of inspirals, but are not currently included in waveform templates. The magnitude of the 
effect of passing through resonance can be calculated using asymptotic expansions. The result 
can be intuitively understood from simple arguments which I will explain. If transient resonance 
were observed in inspiral data, we could potentially gain additional insight into the behaviour of 
gravity. 

 

Robert Cole University of Cambridge 

The importance of transient resonances in extreme-mass-ratio inspirals 

Transient resonances occur in extreme-mass-ratio inspirals when the fundamental frequencies 
associated with motion in the radial and polar directions become commensurate. This leads to a 
rapid change in the orbital parameters describing the system, on a timescale intermediate to the 
short orbital timescale and the longer inspial timescale. These "resonant jumps" are non-
perturbative effects that are not well-described by current adiabatic gravitational waveform 
models. We investigate the importance of these resonances by constructing an astrophysically 
realistic population of EMRIs and studying the loss of SNR expected through the use of adiabatic 
waveform templates. 
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Maarten van de Meent University of Southampton 

Resonantly enhanced kicks to Extreme Mass Ratio Inspirals. 

Generic orbits around Kerr black hole are rotationally invariant when averaged over suitably long 
timescales. Consequently, there is no preferred direction in the emission of gravitational waves. 
However, in the strong field regime particular "resonant" orbits may break this symmetry, and 
system will emit more gravitational waves in one direction than an other. Due to the radiational 
backreaction, the system builds up linear momentum, producing a so-called kick. We investigate 
the size of this effect and its implications. 

 

Adam Pound University of Southampton 

Second-order conservative self-force effects on quasicircular orbits in Schwarzschild 

I describe a formalism for calculating conservative second-order gravitational self-force effects on 
quasicircular orbits in Schwarzschild. In particular, I derive an expression for a gauge-invariant 
second-order generalization of Detweiler’s redshift factor u^t. When second-order numerical 
results become available, this quantity may be used to fix high-order terms in post-Newtonian 
theory and parameters in effective-one-body theory. 

 

Jeremy Miller University of Southampton 

A practical, covariant puncture for second-order self-force calculations. 

Calculations of the second-order gravitational self-force (GSF) on a compact object are in high 
demand on several counts: to accurately model complete binary inspirals with extreme mass 
ratios; to model binaries with intermediate mass ratios; and to fix parameters in effective-one-
body and post-Newtonian theories. The second-order GSF can be calculated using a numerical 
puncture scheme. The puncture gives a local representation of the object's self-field, where the 
metric perturbation created by the object is split into its self-field plus a certain regular field. 
However, the puncture has only been calculated in local coordinates centred on the worldline of 
the small object, and such coordinates cannot be used in a practical numerical computation. In 
response to this problem we formulate a covariant expression for the self-field in terms of 
Synge's world function, in an arbitrary vacuum background. 

 

Niels Warburton University College Dublin 

Applying the effective-source approach to frequency-domain self-force calculations 

The equations of motion of a point particle interacting with its own field are defined in terms of a 
certain regularized self-field. Two of the leading methods for computing this regularized field are 
the mode-sum and effective-source approaches. In this work we unite these two distinct 
regularization schemes by generalizing traditional frequency-domain mode-sum calculations to 
incorporate effective-source techniques. Building on earlier work with a toy scalar-field model, 
we apply our approach to Lorenz-gauge gravitational perturbations of Schwarzschild spacetime. 
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Sam Dolan University of Sheffield 

From self-force to self-torque and self-tides 

The self-force program was initiated almost two decades ago to model the gravitational dynamics 
of a pair of compact bodies of masses M and m, in the scenario where M >> m. Self-force is an 
intuitive concept: a back-reaction of the smaller body's field which pushes the smaller body away 
from a geodesic of the spacetime of the larger body. However, taken in isolation, self-force does 
not have a gauge-invariant definition. The first novel gauge-invariant prediction of the self-force 
program emerged in 2008, in the guise of Detweiler's "redshift" invariant for circular orbits. Last 
year a new gauge-invariant for circular orbits was identified: the O(m/M) shift in geodetic 
precession due to an effect labelled "self-torque". In this talk I will describe further gauge-
invariant quantities for circular orbits: O(m/M) shifts in the eigenvalues of the tidal tensor, 
related to "self-tides". I will describe work underway to compute these invariants. 

 

Patrick Nolan University College Dublin 

Calculating New Gauge Invariant Quantities for the Self Force Problem 

We present our construction of new gauge invariant quantities related to the self force problem 
on a Schwarzschild spacetime. We calculate the parameters at high precision for a particle on a 
circular orbit of a Schwarzschild black hole, using Regge Wheeler gauge. By calculating for a large 
range of orbital radii, a global fit function is found. Looking at behaviour for radii r0>100M, We 
numerically fit for new post-Newtonian parameters up to fourth order, and put tight bounds on 
the 5th order parameter. 

 

Cesar Merlin University of Southampton 

Gravitational self-force from curvature scalars 

The standard formulation of the gravitational self-force in Kerr spacetime requires as input the 
metric perturbation in the Lorenz gauge. The latter may be obtained numerically using time-
domain evolution of the linearized Einstein equations, which, alas, is computationally expensive. 
Here we describe a new framework for self-force calculations, in which the required input are 
curvature scalars obtained by solving Teukolsky's equation. This method requires to complete the 
solution by including the non-radiative multipoles that are not recovered thought the metric 
reconstruction procedure. We present an end-to-end numerical implementation of the method 
for circular orbits in Schwarzschild geometry. We devise a gauge invariant approach to complete 
the solution in the general problem in Kerr. 
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Sarp Akcay University of Southampton 

Generalized redshift invariant in Schwarzschild spacetime: self-force and  post-Newtonian results 

We present results for the redshift gauge invariant generalized to eccentric orbits (denoted 
DeltaU) using the gravitational self-force formalism (GSF) and post-Newtonian (PN) theory. Some 
results for DeltaU have already been displayed in Phys.Rev. D83: 084023, (2011) for orbits with 
semilatus rectum p <= 20M and eccentricity e <= 0.5. Using our frequency domain GSF code we 
greatly expand the range of the computation to values for p up to 500M. Due to the practical 
limitations of the frequency-domain approach, we do not go beyond e=0.4. Complimentary to 
these new results, we also present, for the first time, an expression for DeltaU from post-
Newtonian theory accurate to 3PN order. We find that the agreement between the two 
approaches is within the error bars of the GSF computation. Unfortunately, these error bars 
prevent us from making any type of prediction about the form of the next-order PN terms. The 
agreement at the 3PN level serves as both a confirmation of the accuracy of the eccentric GSF 
code and the validity of the PN expressions. 

 

Marta Colleoni University of Southampton 

Gravitational self-force and the cosmic censorship conjecture 

The scenario of a particle captured by a nearly extremal Kerr black hole has been proposed as a 
challenge to weak cosmic censorship. A reliable analysis of this scenario must take into account 
the full effect of the gravitational self-force acting on the particle. We revisit the problem, now 
that computational tools for the self-force are becoming available.  

We first identify the full parameter-space domain where overspinning is achieved when the self-
force is ignored (this extends and refines previous work). We find that, working at leading order 
in the mass ratio, overspinning can only be achieved by particles coming from infinity. 

We then study the effects of the self-force on this scenario and identify the numerical input 
required to rule out violations of the cosmic censorship conjecture. 

 

Chris Kavanagh University College Dublin 

Analytic late time tail of perturbations in Kerr spacetime 

The late time behaviour of perturbations has been shown to be related to the presence of a 
branch cut in the solutions of the Teukolsky and Regge-Wheeler equations, in particular to the 
low frequency sector of these branch cuts. In this talk I present high order low frequency 
expansions of the solutions of Mano, Suzuki and Takasugi, and show how to use these to 
calculate the late time behaviour of perturbations in Kerr spacetime. I will also discuss the 
application of these expansions to generating the Post-Newtonian expansion parameters 
analytically, as was demonstrated recently by Bini and Damour. 
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Alvin Chua IoA Cambridge 

Electromagnetic signatures of gravitational radiation 

We study far-field interactions between gravitational radiation and electromagnetic fields using 
the 1+3 approach to relativity. A rederivation of the inverse Gertsenshtein effect for static 
electromagnetic fields is obtained, along with deflection and fluctuation effects for 
electromagnetic radiation. In particular, flux amplification from the nonlinear interference of 
gravitational and electromagnetic waves might be significant and detectable under astrophysical 
conditions. 

 

Duncan Meacher Observatoire de la Coˆte d’Azur, Nice, France 

Statistical properties of astrophysical gravitational-wave backgrounds 

We investigate how a stochastic gravitational wave background, produced from a discrete set of 
astrophysical sources, differs from an idealised model consisting of an isotropic, unpolarised, and 
Gaussian background. We focus, in particular, on the different signatures produced from these 
two cases, as observed in a cross-correlation search. We show that averaged over many 
realisations of an astrophysical background, the cross-correlation measurement of an 
astrophysical background is identical to that of an idealised background. However, any one 
realisation of an astrophysical background can produce a different signature. Using a model 
consisting of an ensemble of binary neutron star coalescences, we quantify the typical difference 
between the signal from individual realisations of the astrophysical background and the idealised 
case. For advanced detectors, we find that, using a cross-correlation analysis, astrophysical 
backgrounds from many discrete sources are probably indistinguishable from an idealised 
background. 

 

Christopher Moore IoA Cambridge 

Bumpy Black Holes 

One way of testing general relativity is by measuring the gravitational field around an 
astrophysical black hole. I will describe a certain class of perturbed Kerr black holes and compare 
the prospects for constraining the perturbations using current X-ray observations and future 
gravitational wave observations. 
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Simon Stevenson University of Birmingham 

Constraining binary evolution using gravitational wave observations of binary black hole mergers 

In this talk we review some of the key elements of population synthesis models for compact 
binaries containing neutron stars and black holes. The coalescence of these compact binaries are 
thought to be one of the most promising signals for advanced ground-based gravitational wave 
interferometers. Poorly constrained parameters in population synthesis models correspond to 
poorly constrained astrophysics (such as kick velocities and the strength of stellar winds) at 
various stages in the evolution of massive binary stars, the progenitors of binary neutron star and 
binary black hole systems. We simulate gravitational wave observations from a series of 
population synthesis models according to known selection biases and compare the results to the 
original catalogue of models using a Bayesian model selection framework. We show that one can 
begin to rule out some models and thus begin to constrain the unknown astrophysics within the 
first few years of regular detections. 

 

Hannah Middleton University of Birmingham 

Could the mergers of black hole - neutron star compact binary systems be the sole progenitors of 
short gamma-ray bursts? 

The most likely progenitors of short gamma-ray bursts are thought to be the mergers of compact 
binary systems, such as a binary neutron star or a black hole - neutron star binary (BH-NS). This 
investigation considered the possibility that all SGRBs could originate from only the mergers of 
BH-NS systems. Two methods of deciding whether a given BH-NS system would be likely to 
produce a SGRB upon merger were used: the condition 

that the neutron star must be disrupted before rapid plunge into the black hole, and also that the 
matter in the accretion disk must be sufficient to fuel a SGRB. 

The most likely systems to produce SGRBs were of high mass ratio, high prograde black hole spin 
and low neutron star compactness.  However, given the current estimates of BH-NS merger rate 
and the number of SGRB events per year, it appears very unlikely that these progenitors could be 
the sole source of SGRBs. 

 

Stephanie Erickson University of Southampton 

A toy model demonstrating methods for simulating NS starquakes 

The crust of a neutron star (NS) introduces interface and crustal modes that will affect the 
dynamics of NS systems. In particular, starquakes could produce observed phenomena such as 
pulsar glitches, precursors to short-hard gamma-ray bursts, or quasi-periodic oscillations. We 
have developed methods to more accurately simulate starquakes, including a conservation-law 
formulation for non-linear elasticity to model the crust, and an extension of the ghost-fluid 
method to evolve the sharp crust-core interface. To demonstrate these methods, we have 
constructed a starquake toy model, where shattering occurs in an anisotropically stressed crust, 
which is coupled to a fluid core and external vacuum in a background potential. 
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Vanessa Graber University of Southampton 

Theoretical Modelling Of Neutron Stars - A Closer Look At Vortex Dynamics 

Neutron stars offer a unique opportunity for the study of matter at supranuclear densities, a 
regime not accessible by laboratory experiments. However, complex theoretical models are 
needed to explain observed phenomena. We approximate the star as a two-layered object, 
representing core and crust, and use macroscopic fluid equations for a system composed of 
superfluid neutrons and a charged component. The presence of the superfluid drastically changes 
the rotational dynamics of the star, as the condensate can only support circulation by forming 
vortices. These interact with other particle species and give rise to new terms in the 
hydrodynamic equations, the so-called mutual friction forces. A better understanding of these 
coupling mechanisms is important to determine how the interface between the crust and the 
core affects the spin-down of the star. We also discuss how these effects might be similar to the 
unusual vortex-behaviour observed in experiments and spin-down calculations in 3He. 

 

John Muddle University of Southampton 

Multi-Component Numerical Methods for Neutron Stars 

Neutron star mergers are considered strong candidates for the emission of detectable 
gravitational waves. The numerical simulation of these systems is possible by using appropriate 
approximations. A multi-component model allows us to combine different physical models which 
approximate different regions of the star. So far we have extended the work of Millmore & 
Hawke to include a magnetic field. We present recent work on capturing the transition from 
interior to exterior. 

 

Thomas Maedler University of Cambridge 

Initial Models for Numerical Relativity in a Light Cone Approach 

I present initial models for vacuum spacetimes and for spacetimes of relativistic stars with 
rotation in the Bondi-Sachs formulation of General Relativity. These initial models are derived 
from a quasi-spherical approximation of the Bondi-Sachs metric.  In particular, the vacuum initial 
data can be obtained from a master function which has not been previously shown in this 
context. 
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Charalampos Markakis University of Southampton 

Conformal thin-sandwich initial data for eccentric neutron-star binaries 

For neutron-star binaries on circular orbits, which are stationary in a rotating frame, helical 
symmetry gives rise to a first integral to the Euler equation, that is utilized in self-consistent 
scheme for constructing equilibrium solutions. However, due to lack of helical symmetry, no such 
method exists for eccentric orbits. Thus, the numerical relativity community has often resorted to 
unsolved initial data based on superimposed spherical stars. Because such configurations lack 
tidal deformation and are not stationary in the correct frame, they give rise to spurious 
oscillations in the subsequent evolution. We consider configurations which are approximately 
stationary in physically relevant frame. We utilize the resulting approximate first integral of the 
Euler equation in a self-consistent iteration of the Einstein constraints in the extended conformal 
thin-sandwich approach, to construct initial data for eccentric binaries. We compare the 
constraint violations and stellar oscillations in simulations based on various data sets and find 
that simulations based on the new data compares favorably to earlier ones in the eccentric case. 

 

Gernot Heissel Cardiff University - School of Physics and Astronomy 

Numerical derivation of Schwarzschild trumpet initial data 

Most current black hole binary simulations are based on the moving puncture method, and 
initially represent the black holes as wormholes, i.e. with slices that connect two asymptotically 
flat ends through a throat of finite areal radius. Stable simulations have been achieved with 
gauge conditions that cause the slices to quickly loose contact with the second asymptotically flat 
end, and approach a ‘trumpet’ topology. In my talk I want to give you a short introduction to 
Schwarzschild trumpets. After that I would like to show you what I am currently working on – a 
numerical derivation of Schwarzschild trumpet initial data. 

 

Yafet Sanchez Sanchez University of Southampton 

Generalised Hyperbolicity 

The Klein-Gordon equation is well-posed for globally hyperbolic spacetimes. This condition is 
sufficient, but not necessary. Following Clarke, we discuss the existence and uniqueness for the 
Klein-Gordon field equations in spacetimes with curvature singularities concentrated in 
codimension one and two sources. 

 

Xu Xu Wuhan University 

Hyperbolic positive energy theorems in general relativity 

Positive energy theorem is a fundamental result in general relativity.  It states that an isolated 
gravitational system satisfying the dominant energy condition must have nonnegative total 
energy.  In this talk, we will discuss some progress in the research of positive energy theorems for 
asymptotically hyperbolic initial data sets. 
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Jishnu Bhattacharyya School of Mathematical Sciences, University of Nottingham 

Black hole horizons sans local Lorentz invariance and their thermodynamics. 

The thermodynamic nature of a black hole event horizon is arguably one of the key macroscopic 
predictions of candidate theories of  quantum gravity. In general relativity and other locally 
Lorentz invariant theories that respect the equivalence principle, the black hole event horizon is, 
naturally, very intimately related to the local lightcones that determine causality in such theories. 
It may therefore seem that black holes cannot exist in modified theories of gravity where local 
Lorentz invariance is violated, allowing excitations to move arbitrarily fast. In this talk, I will argue 
that contrary to such naive expectations, the concept of at least spherically symmetric black holes 
can be consistently generalized in a class of locally Lorentz violating theories. Such black holes are 
characterized by a new kind of event horizon called the "universal horizon" which traps even 
arbitrarily fast excitations. I will also show that at least within spherical symmetry, the dynamics 
of such horizons is governed by analogues of the conventional zeroth, first and second laws of 
black hole mechanics, and discuss recent attempts to interpret these laws thermodynamically. 
Our results raise the possibility that black hole thermodynamics could be more fundamental than 
currently appreciated. 

 

Edgar Gasperin Queen Mary University of London 

Conformal field equations as wave equations in spinorial formalism 

In this talk I will discuss the formulation of an initial vaule problem for the conformal Einstein 
field equations in terms of a system of quasilinear wave equations for spinorial objects. The 
conformal field equations, originally analysed by H. Friedrich, provide a convenient setting to 
analyse global properties of spacetimes in terms of objects defined on a conformally rescaled 
(unphysical) manifold . These equations are formally regular at the conformal boundary and have 
the property that a solution to them implies, at the points where the conformal factor is non-
zero, a solution to the Einstein field equations. Initial value formulations for the conformal field 
equations in terms of first order symmetric hyperbolic equations have been analysed in the 
literature . More recently, Paetz  has shown that the metric formulation of the conformal field 
equations implies a set of quasilinear wave equations for the conformal fields. In this talk I will 
discuss a spinorial version of this construction. The gauge issues and the propagation of the 
constraints will also be considered. If time allows, an application of these ideas to the stability of 
the Milne Universe will be discussed. 

 

Vladimir Manko CINVESTAV-IPN 

Kerr's ring singularity is traversable! 

In this talk I am going to demonstrate, using a correct interpretation of the surface r=0, that, 
contrary to the general belief, the ring singularity of Kerr solution is traversable. This discovery is 
important for elaborating a correct maximal analytic extension of the Kerr spacetime involving 
only one asymptotically flat region. 
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Timothy Clifton Queen Mary 

An exact treatment of back-reaction in relativistic cosmology 

The precise effect of inhomogeneity on the large-scale expansion of the Universe is an open 
question. In this talk I will outline how one can investigate such a problem by considering 
cosmological models in which the matter content is taken to be confined to regularly distributed 
discrete sources, rather than a perfect fluid. Using exact, fully relativistic, non-perturbative 
methods we can determine a number of properties of such models, and then follow them 
throughout the entire evolution of the spacetime. We find that not all behaviour approaches that 
of the Friedmann solutions, and in particular that accelerating expansion is possible without any 
exotic matter content. 

 

Anthony Preston University of Southampton 

The effect of a Starobinsky gravity correction on small-scale inhomogeneities in cosmology. 

The Starobinsky R^2 correction to General Relativity is motivated theoretically by quantum 
gravity and observationally by inflation, especially by Planck data. We interpret the effect of 
Starobinsky gravity together with small-scale inhomogeneities in terms of an effective stress 
energy tensor. We follow Green and Wald in adapting Burnett's shortwave approximation to 
study inhomogeneity, now using the Starobinsky model. We derive the form of the effective 
stress-energy tensor and interpret it cosmologically. 

 

Nicola Tamanini University College London 

Cosmic dynamics of noncanonical scalar fields 

The background dynamical evolution of a universe filled with matter and a cosmological scalar 
field is analyzed employing dynamical system techniques. Square and square root kinetic 
corrections to the scalar field canonical Lagrangian are considered and their complete dynamical 
properties at cosmological distances are studied. These noncanonical cosmological models imply 
interesting phenomenology including early time matter dominated solutions, cosmological 
scaling solutions and late time phantom dominated solutions with dynamical crossing of the 
phantom barrier. Stability and viability issues for these scalar fields are presented and discussed. 
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Mattia Colombo University of Nottingham 

Dark Matter as a Bose-Einstain Condensate: the relativistic non-minimally coupled case 

Bose–Einstein Condensates have been recently proposed as dark matter candidates. In order to 
characterize the phenomenology associated to such models, we extend previous investigations 
by studying the general case of a relativistic BEC on a curved background including a non-minimal 
coupling to curvature. In particular, we discuss the possibility of a two phase cosmological 
evolution: a cold dark matter-like phase at large scales/early times and a condensed phase inside 
dark matter halos. During the first phase dark matter is described by a minimally coupled weakly 
self-interacting scalar field, while in the second one dark matter condensates and, we shall argue, 
develops as a consequence the non-minimal coupling. Finally, we discuss how such non-minimal 
coupling could provide a new mechanism to address cold dark matter paradigm issues at galactic 
scales. 

 

Manuel Krämer University of Cologne 

Resolution of late-time singularities in quantum cosmology 

One of the aims of a theory of quantum gravity is to resolve singularities that appear in 
cosmological models based on general relativity. In recent years, one has found that several types 
of exotic singularities can show up in the future evolution of classical cosmological models that 
contain some form of dark energy. In this talk, I will give an overview of how such singularities 
like the Big Rip, Big Brake and Big Freeze can be resolved in quantum cosmology based on 
Wheeler-DeWitt quantization. Furthermore, I will present our recent results on so-called type IV 
singularities, which are not generally avoided in quantum cosmology. I will also compare these 
results with findings from Loop Quantum Cosmology. 

 

Markus B. Fröb Universitat de Barcelona (UB) 

Matter loop corrections in de Sitter 

We derive matter loop corrections to cosmological observables, such as the tensor power 
spectrum, in a de Sitter background. A breaking of de Sitter invariance by quantum effects, and a 
corresponding decay of the cosmological constant would provide a natural ending to inflation, 
without the need for fine-tuned inflaton potentials. An appropriate gauge-invariant and local 
observable that clearly exhibits these effects is the Riemann tensor, whose correlation function 
we have calculated. 

 

Edward Anderson DAMTP Cambridge 

Problem of Time in Slightly Inhomogeneous Cosmology 

This reasonably realistic model arena for the quantum cosmological origin of structure exhibits 
essentially all aspects of the notorious Problem of Time and yet looks likely to afford a local 
resolution of it.  For now I will mostly present the classical manifestation of the Problem of Time 
and how it can be overcome for this model. 
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Alexander Leithes Queen Mary, University of London 

Gauge Invariant and Conserved Quantities LTB Cosmology 

In this research we apply perturbation theory to Lemaitre, Tolman and Bondi (LTB) spacetime to 
find perturbed conserved and gauge invariant quantities. Ultimately we aim to compare our 
results with those from more standard cosmologies e.g. flat Friedmann-Lemaitre-Robertson-
Walker (FLRW) cosmology, and compare our analytically derived results with numerical work 
being conducted in the field of LTB cosmology. 

Given the success of flat FLRW plus inflation in providing predictions which agree well with 
observations it may not be immediately obvious why it is useful to investigate alternative 
cosmologies, such as LTB. However LTB is a more general solution than FLRW, FLRW being a 
subclass of LTB. This alone provides motivation to look more closely at LTB cosmology, and 
indicates that a full perturbative approach which is easily comparable with standard models is an 
avenue which should be pursued. 

In addition to this broad motivation, there has been some recent interest in cosmologies beyond 
FLRW prompted by the Planck results. Deviations from Gaussianity, whether primordial in origin 
(as yet undetected) or from the later evolution of the universe, plus the deviation of the spectral 
index or tilt from one, and hence the deviation from scale invariance, and finally possible 
asymmetries in the CMB have all been seen as evidence that the simple flat FLRW model cannot 
match observations sufficiently closely. This has prompted renewed interest in other 
cosmologies, including LTB. Even if LTB ultimately proves unrealistic as a candidate Locally 
Rotationally Symmetric (LRS) cosmology, within these models perturbing LTB is useful if viewed 
as a toy model, and the insights and techniques gained through this work should prove valuable 
when applied to other LRS cosmologies, or indeed non-standard cosmologies in general. 

 

Geraint Pratten Cardiff University 

Covariant Perturbations of LTB Spacetimes 

In this talk we present a covariant decomposition of Einstein's Field Equations as applied to the 
Lemaître-Tolman-Bondi (LTB) spacetime. Based on the 1+3 covariant approach of Ellis and Ehlers, 
the 1+1+2 semi-tetrad approach of Clarkson and Barrett (2003) allows us to investigate 
perturbations of the LTB model in a covariant and gauge-invariant manner. We discuss recent 
results in deriving master variables and the corresponding set of master equations (in analogy to 
the Regge-Wheeler equations in the Schwarzschild spacetime) and how the results relate to the 
current literature, such as results derived using the 2+2 formalism as presented in Clarkson, 
Clifton and February (2009). We also highlight future applications of interest. 
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Filip Hejda 
Institute of Theoretical Physics, Faculty of Mathematics and 
Physics, Charles University in Prague 

Particles in the vicinity of black holes in strong magnetic fields 

We present a general treatment of phenomena related to unbounded collision energies in the 
vicinity of black holes revived in 2009 by Banados, Silk and West. Employing the detailed 
description of the parameter spaces of test particles we first summarise the results, mostly 
known, for Kerr-Newman black holes. Then we generalise them to charged, rotating black holes 
in strong magnetic fields described by stationary Ernst, Ernst-Wild and general magnetised Kerr-
Newman solutions. We pay special attention to extremal black holes, investigate their near-
horizon degeneracy and near-horizon (approximate) descriptions. 

 

Marcello Ortaggio 
Institute of Mathematics, Academy of Sciences of the Czech 
Republic 

Asymptotic properties of gravitational and electromagnetic fields in higher dimensions 

We investigate decay properties of the Weyl tensor as one approaches infinity along a 
congruence of null geodesics in n-dimensional Einstein spacetimes. The possible “r-dependence” 
of various Weyl components is analyzed in the n>4 Newman-Penrose formalism. Depending on 
the choice of boundary conditions, various fall-off behaviors are possible, in which the leading 
term can be, e.g., of type II or N. In particular, conditions necessary for asymptotic flatness lead 
to either a Schwarzschild-like fall-off, or a radiative “1-n/2” fall-off (in agreement with previous 
results by Hollands and Wald and by Godazgar and Reall). Qualitative differences that arise in the 
presence of a cosmological constant are discussed, as well as significant differences with the well-
known four dimensional results. A similar analysis is also applied to test Maxwell fields in the 
same background spacetimes, and it is again found that the peeling behavior is different when 
n>4 - also depending on a choice of “electric” or “magnetic” boundary conditions. 

 

Supakchai Ponglertsakul University of Sheffield 

Self-Gravitating non-Abelian Proca Solitons and Black Holes in AdS Spacetime 

According to the no-hair conjecture, black hole solutions are described by only three classically 
observable parameters: mass, angular momentum and electric charge. However a number of 
solutions have been discovered as counterexamples to this conjecture, especially models with a 
non-Abelian gauge field. In this talk, we will investigate one particular model called the Einstein-
non-Abelian Proca (ENAP) theory in asymptotically anti-de Sitter (AdS). Static spherically 
symmetric solitons and black hole solutions of the ENAP equations with a negative cosmological 
constant are obtained via numerical integration. We found that these black holes possess zero 
global charge associated with the gauge field, hence the no-hair conjecture is not satisfied by our 
solutions. We also prove that dyon solutions do not exist in this model. 
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Carl Kent University of Sheffield 

Rotating and finite-temperature quantum scalar field states on $AdS_{n}$. 

In this talk, I will discuss expectation values of (quantum scalar) field states generally coupled to 
$n$-dimensional anti-de Sitter space, $AdS_{n}$; in particular those that are relevant to the study 
of black hole space-times which are asymptotically $AdS_{n}$. 

To this end, and building on a knowledge of renormalised vacuum expectation values of the 
(quantum scalar) field generally coupled to $AdS_{n}$, I will develop and discuss the form of the 
expectation values with respect to rotating vacuum states and non-rotating finite-temperature 
states separately.  Along the way, I will also highlight similarities and differences encountered in 
the development of expectation values with respect to corresponding states coupled to $n$-
dimensional Minkowski space, $M_{n}$.  I will conclude by briefly explaining how these two 
strands will combine in the construction of finite-temperature rotating states. 

 

Victor E. Ambrus University of Sheffield 

Rotating fermions on adS 

We investigate thermal states of fermions rigidly rotating about a fixed axis at a constant angular 
velocity in anti-de Sitter space. Using an analytic expression for the vacuum Feynman propagator 
and the bi-spinor of parallel transport, we calculate the thermal expectation values of the 
neutrino parity-violating current and the stress-energy tensor. These are regular only for angular 
velocities smaller than the inverse radius of curvature of adS. For larger angular velocities, 
thermal expectation values diverge as inverse powers of the distance to the speed-of-light 
surface, which forms where co-rotating observers would rotate at superluminal velocities. 

 

Paul Abel University of Leicester 

Quantum field theory and gravitational collapse in AdS_2 

We consider a massless quantum scalar field on a background space-time consisting of a thin 
shell of matter collapsing to form a black hole in AdS_2. By employing a ray tracing scheme, we 
establish a relationship between early time modes and late time ones.  

We use the Davis-Fulling-Unruh derivative to calculate <T_mu_nu>_ren at both early and late 
times.    
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Hugo Ferreira University of Nottingham 

Warped AdS3 black holes: are they classically stable? 

(2+1)-dimensional gravity allows us to study aspects of classical and quantum gravity in a simpler 
technical setting which retains much of the conceptual complexity of the standard (3+1)-
dimensional gravity. However, pure Einstein gravity lacks propagating degrees of freedom in 2+1 
dimensions. Topologically Massive Gravity is a deformation of GR which includes propagating 
degrees of freedom. Besides the famous BTZ black hole solution, this theory has a whole new 
class of black hole solutions -- the warped AdS3 black holes -- which can be viewed as deformed 
BTZ solutions but which, counterintuitively, are not asymptotically AdS -- they are actually 
(almost) asymptotically flat! In this talk, I will describe the classical features of this interesting set 
of solutions. First, I will show that, in contrast with the BTZ solution, classical superradiance of a 
massive scalar field on the background of a warped AdS3 black hole is always present. Despite 
this fact, I then show that the black hole is classically stable to scalar perturbations, namely there 
are no superradiant instabilities, even if it is enclosed by a stationary mirror with Dirichlet 
boundary conditions. This is a surprising result in view of the similarity between the causal 
structure of the warped AdS3 black hole and the Kerr spacetime in 3+1 dimensions, which is 
classically unstable due to superradiant instabilities. 

  

This work has been published in Phys. Rev. D 87, 124013 (2013). 

 

Elizabeth Winstanley The University of Sheffield 

Vacuum polarization for five-dimensional black holes 

We outline recent progress in calculating the renormalized vacuum polarization for a quantum 
scalar field in the Hartle-Hawking state on a five-dimensional Schwarzschild-Tangherlini black 
hole.  The Euclidean Green's function is renormalized using the Hadamard form.   We describe an 
approach to numerically computing the renormalized expectation value which is efficient away 
from the event horizon of the black hole. 

 

Alexander Graham University of Cambridge 

Non-existence of black holes with non-canonical scalar fields 

One of the continuing interests in general relativity is to extend the black hole no-hair theorems 
to new classes of matter. In this talk I will outline how a classic no-hair theorem of Bekenstein can 
be extended to rule out black holes possessing scalar hair in a wide class of non-canonical scalar 
field theories. In particular, this result rules out the existence of stationary black holes in the 
ghost condensate and DBI scalar field models. 
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J Erik Baxter Sheffield Hallam University 

Topological hairy black holes in SU(N) EYM theory with a negative cosmological constant 

We investigate the existence of black hole solutions of four dimensional SU(N) EYM theory with a 
negative cosmological constant, where we have generalised the field equations to certain non-
spherically symmetric spacetimes. We prove the existence of non-trivial solutions for any integer 
N, with N - 1 gauge degrees of freedom i) for fixed values of the initial parameters and for 
Lambda large and negative, and ii) for any Lambda less than zero and for initial values in some 
neighbourhood of existing trivial solutions. In both cases we can prove the existence of solutions 
with all gauge field functions non-zero everywhere; this fact is of interest as we anticipate that 
some of those may be stable. 

 

Juergen Dietz University of Southampton 

Asymptotic Safety in Quantum Gravity 

Asymptotic safety refers to a promising possibility of quantising gravity that could result in a 
consistent and complete quantum theory of gravity. I will describe the methodology behind 
asymptotic safety and the main results that have been achieved so far as well as some open 
issues that are currently being worked on. 

 

Benito Juarez Aubry University of Nottingham 

Asymptotically Thermal Responses for Smoothly Switched Detectors 

We study the Unruh-DeWitt detector coupled to a scalar field with an interaction controlled by a 
smooth switching function of compact support in the proper time of the detector. This allows us 
to study the effects of the field on observers along strongly time-dependent trajectories in 
general and in particular the regimes under which a non-inertial observer can measure a 
temperature. Situations of interest include the sharpness in the switching and interaction length, 
and the magnitude of the detector energy gap. We stress that the sharp switching and large 
energy gap limits do not commute. This remark is relevant in the light of previous literature 
(1201.3820, 1304.2858) aiming at understanding to what extent black hole radiation remains 
thermal for an observer falling across the Schwarzschild horizon. 

 

Naqing Xie Fudan University 

Localized Penrose inequality for the Liu-Yau mass in spherical symmetry 

In this talk, we present a localized version of the Penrose inequality related to the Liu-Yau quasi-
local mass in spherical symmetry. This is joint work with Fei-Hung Ho and Jian-Liang Liu. 
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Dennis Lehmkuhl University of Oxford 

Why Einstein did not believe that General Relativity geometrizes gravity 

 

I argue that, contrary to folklore, Einstein never really cared for geometrizing the gravitational or 
(subsequently) the electromagnetic field; indeed, he thought that the very statement that 
General Relativity geometrizes gravity "is not saying anything at all". Instead, I shall show that 
Einstein saw the "unification" of inertia and gravity as one of the major achievements of General 
Relativity. Interestingly, Einstein did not locate this unification in the field equations but in his 
interpretation of the geodesic equation, the law of motion of test particles. 

 

 


