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Enrico Barausse (University of Maryland) Test bodies and naked singularities: is the self-force the cosmic censor?
Abstract Jacobson and Sotiriou recently showed that Kerr black holes could be spun-up past the extremal limit by the capture of non-spinning test bodies, if one neglects radiative and self-force effects. Because Kerr solutions spinning faster than the extremal limit present a naked singularity (ie a curvature singularity not protected by an event horizon), this would represent a violation of the Cosmic Censorship Conjecture in four-dimensional, asymptotically flat spacetimes. We show that for some of the trajectories giving rise to naked singularities, radiative effects can be neglected. However, for these orbits the conservative self-force is important, and seems to have the right sign to prevent the formation of naked singularities.
Massimo Dotti (Max Planck Institute for Astrophysics) Massive black hole spin evolution in gas rich galaxy mergers
Abstract The study of massive black hole evolution during galaxy mergers is crucial for assessing the observational electromagnetic signatures of massive black hole binaries and the rate of massive black hole mergers detectable in the gravitational wave domain. I will focus on the spin evolution of massive black hole binaries during gas rich galaxy mergers, to address the detectability of recoiling black holes and constrain the frequency of massive black holes in galaxies today.
Vincent Fish (MIT Haystack Observatory) Resolving black holes with millimeter VLBI
Abstract The Galactic Center radio source Sagittarius A* is known to host a 4 million solar mass black hole. Due to its mass and proximity, its event horizon subtends a larger angle than any other black hole, with a Schwarzschild diameter of 20 microarcseconds. This angular scale is accessible with very long baseline interferometry (VLBI) at 1.3 mm. Our collaboration has been observing Sgr A* and other nearby supermassive black holes with the Event Horizon Telescope (EHT), an array of (sub)millimeter telescopes participating in VLBI observations. Our observations have allowed us to identify that the millimeter emission in Sgr A* comes from a region whose size is less than 4 Schwarzschild radii. Within the context of the most likely astrophysical disk models, our detections place strong constraints on the spin vector of the black hole. The most recent epoch of 1.3 mm VLBI observations shows strong evidence for variability on event horizon scales, which now allows us to begin to address questions of accretion and outflow at the black hole boundary. Future enhancements to the EHT will improve both the sensitivity and the angular resolution of the array, allowing spatially-resolved time-domain studies of the rapidly varying structure at the event horizon of Sgr A*. These capabilities will clarify the accretion and outflow astrophysics near the event horizon and permit tests of general relativity in a strong gravitational environment.
Tomohiro Harada (Rikkyo University) Collision of an ISCO particle around a Kerr black hole
Abstract We derive a general formula for the center-of-mass (CM) energy for the near-horizon collision of two particles of the same rest mass on the equatorial plane around a Kerr black hole. We then apply this formula to a particle which plunges from the innermost stable circular orbit (ISCO) and collides with another particle near the horizon. It is found that the maximum value of the CM energy $E_{\rm cm}$ is given by $E_{\rm cm}/(2m_{0}) \simeq 1.40/\sqrt[4]{1-a_{*}^{2}}$ for a nearly maximally rotating black hole, where $m_{0}$ is the rest mass of each particle and $a_{*}$ is the nondimensional Kerr parameter. This coincides with the known upper bound for a particle which begins at rest at infinity within a factor of two. Moreover, we also consider the collision of a particle orbiting the ISCO with another particle on the ISCO and find that the maximum CM energy is then given by $E_{\rm cm}/(2m_{0})\simeq 1.77/\sqrt[6]{1-a_{*}^{2}}$. In view of the astrophysical significance of the ISCO, this result implies that particles can collide around a rotating black hole with an arbitrarily high CM energy without any artificial fine-tuning in an astrophysical context if we can take the maximal limit of the black hole spin or $a_{*}\to 1$. On the other hand, even if we take Thorne's bound on the spin parameter into account, highly or moderately relativistic collisions are expected to occur quite naturally, for $E_{\rm cm}/(2m_{0})$ takes 6.95 (maximum) and 3.86 (generic)near the horizon and 4.11 (maximum) and 2.43 (generic) on the ISCO for $a_{*}=0.998$. This implies that high-energy collisions of compact objects are naturally expected around a rapidly rotating supermassive black hole. Implications to accretion flows onto a rapidly rotating black hole are also discussed.
Thomas Hartman (Institute for Advanced Study, Princeton) Dynamics of the Kerr black hole from conformal field theory
Marc Henneaux (Free University of Brussels) Asymptotic structure of three-dimensional gravity
Abstract The asymptotic structure of three-dimensional gravity with a negative cosmological constant is reviewed with a special emphasis on the central charge that appears in the asymptotic conformal symmetry algebraand on its implications. Various extensions are discussed (including higher spins). Luis Lehner (Perimeter Institute for Theoretical Physics and University of Guelph) Higher powered jets from black hole spacetimes
Abstract Extraction from rotational energy of a spinning black hole has long been considered as a possible key ingredient to explain tremendously energetic astrophysical events. This talk will discuss a related possibility whereby extracting both translational and rotational energy from a black hole higher powered jets are induced. Will also discuss the relevance of this result for multimessenger astronomy.
Kei-ichi Maeda (Waseda University) Time dependent black holes from higher dimensions
Abstract In four dimensions, we have a uniqueness theorem for a black hole. The Kerr black hole is unique if a spacetime is stationary. However since we expect that a black hole is formed dynamically via gravitational collapse, a study of a dynamical black hole is very important. I will present an analytic solution of a dynamical spacetime with a horizon, which describes a black hole in the expanding universe. Such a solution is obtained by compactification of a dynamical solution of intersecting branes found in 11D supergravity theory.
Robert Mann (Waterloo University) Gravitational collapse of K-essence matter
Samir Mathus (Ohio State University) Proof that fuzzball structure is essential for unitarity
Abstract Some 35 years ago Hawking found that black holes evaporate in a way that is inconsistent with the unitarity of quantum theory. Many people have not worried too much about this problem, since it was generally assumed that small corrections to Hawkings computations would somehow succeed in encoding the information of the hole in the outgoing radiation. We derive a simple inequality which shows that such is not the case: one needs order unity corrections to the evolution of low energy modes at the horizon (fuzzball structure) in order to solve Hawking's paradox. String theory microstates do have such a fuzzball structure; in other words, black holes in string theory have explicitly constructable `hair'. Simple models of the evaporation process are used to illustrate the information problem and the structure needed to resolve it. Jeff McClintock (Smithsonian Astrophysical Observatory) Measuring the spins of accreting black holes
Abstract A typical galaxy is thought to contain tens of millions of stellar-mass black holes, the collapsed remnants of once massive stars, and a single nuclear supermassive black hole. Both classes of black holes accrete gas from their environments that forms an assembly of orbiting material known as an accretion disk. During the past several years it has become possible to obtain measurements of the spins of both classes of black holes by modeling the X-ray emission from their accretion disks. Two methods are employed, both of which depend upon identifying the inner radius of the accretion disk with the innermost stable circular orbit (ISCO), whose radius depends only on the mass and spin of the black hole. In the iron line method, which applies to both classes of black holes, one models the profile of this relativistically-broadened line while paying special attention to the gravitationally redshifted red wing of the line. In the continuum-fitting method, which has so far only been applied to stellar-mass black holes, one models the thermal continuum spectrum of the accretion disk. We discuss both methods, with a strong emphasis on the continuum-fitting method and its application to stellar-mass black holes. Spin results for nine stellar-mass black holes are summarized. These data are used to argue that the high spins of at least some of these black holes are natal, and that the presence or absence of relativistic jets in accreting black holes is not entirely determined by the spin of the black hole.
Shin Mineshige (Kyoto University) Theory of black hole accretion flow
Abstract Astrophysical black holes are known to exhibit several distinct spectra states. Accordingly, various accretion models have been proposed so far. The standard model was proposed in 1973 and is really successful, though it also has limitations. I first review theoretical investigations of the nature of black hole accretion flow, introduce our recent works of global, radiation- magnetohydrodynamical simulations, and discuss future prospects.
Leonardo Modesto (Perimeter Institute for Theoretical Physics) Loop black holes, dual universes and phenomenology
Abstract After a short introduction to Loop Quantum Gravity (LQG) I will show how to apply the theory to the black hole physics. I will consider the black hole interior (r< 2 m) at "quantum" and "semiclassical" level. At the "quantum" level the Wheeler-DeWitt equation is replaced with a regular difference equation and it is natural an evolution beyond the "classical singularity". From a "semiclassical" analysis of the model I will show a metric analytical in all spacetime and in particular regular in r=0. The causal spacetime structure is analog to the Reissner-Nordstrom metric but with the singularity in r=0 is replaced by another asymptotic Schwarzschild's region. The spacetime is manifestly self-dual looking at small and large distances: r-->a0/r, where a0 is the the Planck area. The meaning of this duality can be make more clear considering two observers: one at infinity and the other one in r=0. If the first observer sees an ADM mass "m" the second one sees an ADM mass " a0/m". I will present another metric for which the duality is upgraded to an isometry. Thermodynamical properties of the loop black hole will be summarized. I will mention also a recent work on the spinning Kerr black hole obtained using the Newmann-Janis algorithm. In the last part of the talk I will show how ultra-light loop black holes remnants can explain dark matter and ultra- light cosmic rays.
Shin Nakamura (Kyoto University) Dynamical black holes holographically dual to expanding plasma - a natural choice of the time slice?
Abstract According to the AdS/CFT correspondence, (4+1)-dimensional black holes in asymptotically AdS spacetime (AdS-BHs) are conjectured to be dual to (3+1)-dimensional plasma fluids of strongly- interacting super-symmetric Yang-Mills theory with 4 super-charges (N=4 SYM). This means that the dynamics of the fluids are described by the dynamical AdS-BHs. We have constructed a consistent dynamical AdS-BH geometry which is dual to an N=4 SYM fluid expanding in one- direction with the boost invariance: this expansion is often called the Bjorken flow and is a typical flow of the quark-gluon plasma at RHIC and LHC. We prove that all the transport coefficients of the fluid (such as viscosity) are uniquely determined by imposing the absence of naked singularity in the gravity side. I will report on this work (Ref. arXiv:0807.3797 [hep-th]) and will pose the following question to the audience to enhance further discussions. The macroscopic quantities of the fluid (such as entropy) are determined at the horizon, whereas the microscopic quantities (such as stress-energy tensor) of the fluid are given at the boundary of the dual geometry. This suggests that there may be a natural choice of the time slice, in AdS/CFT context, which connects the boundary and the horizon to define the macroscopic and the microscopic quantities of the fluids at a given moment, although the choice of the coordinates is arbitrary in the sense of the general relativity. Do we have a natural choice of the time slice in dynamical AdS-BHs? I would like to trigger the discussion by reporting the work on the dynamical black hole and posing the question.
Noriaki Ogawa (Yukawa Institute for Theoretical Physics) On the non-chiral extension of Kerr/CFT
Abstract The Kerr/CFT correspondence is a holographic duality between an extremal black hole and a 2D chiral CFT. One of the important problems of the Kerr/CFT in the current stage is wheter and how it is extended to a non-chiral theory. In this talk, I explain that we can find a non-chiral extension of the Kerr/CFT for an extremal BTZ black hole and zero entropy extremal black holes. There we find two sets of Virasoro symmetries as the asymptotic symmetry and show that they have the same nonzero central charges. We expect that it would give some clues to holographic dualities for nonextremal black holes. (This talk is based on the preprint arXiv:1102.3423) Frans Pretorius (Princeton University) The evolution of unstable 5-dimensional black strings
Abstract I will describe recent numerical results of the evolution of 5-dimensional black strings, subject to the Gregory-Laflamme instability. We find that the horizon qualitatively behaves very much like a thin stream of low viscosity fluid subject to the Rayleigh-Plateau instability, where ever smaller spherical "beads", connected by ever thinning string segments, form. This cascade to small length scales unfolds in a self-similar manner, and thus though with finite computational resources we cannot evolve the spacetime to the end-state, we can extrapolate the observed trends. Doing so suggests that the string segments will reach zero radius in finite asymptotic time, and hence arbitrarily large spacetime curvatures will be revealed to external observers. Thus, black strings are an example of a spacetime that exhibits generic violation of cosmic censor in 5-dimensional Einstein gravity.
Masaki Shigemori (Nagoya University) Black Hole Enigmas in AdS3/CFT2
Abstract The AdS/CFT correspondence for the so-called D1-D5 system, where the bulk geometry is AdS_3 x S^3 and the boundary CFT is 2-dimensional, has played a central role in the microscopic understanding of black holes in string theory. It was in the D1-D5 system that Strominger and Vafa microscopically reproduced the Bekenstein-Hawking entropy of a supersymmetric black hole. In this talk, I study black hole configurations in the D1-D5 system for given mass and angular momentum. When mass is sufficiently small and angular momentum is sufficiently large, we find a novel phase that has the largest entropy on the CFT side. On the gravity side, we find that it is a 2- center black hole solution that maximizes the entropy in the same range of parameters. However, the entropy on the two sides does not agree with each other. This means that, as one goes from zero coupling to strong coupling, some states get lifted but certain states do not get lifted. What is particularly surprising is that there are black hole states even in the parameter range where the CFT elliptic genus and the sugra elliptic genus. All states I consider are supersymmetric.
John Silverman (Institute for the Physics and Mathematics of the Universe) Environmental influences on the growth of supermassive black holes 
Charles Steinhardt (Institute for the Physics and Mathematics of the Universe) New puzzles in supermassive black hole evolution 
Abstract The standard model of cosmology has been remarkably successful in explaining the detailed evolution of galaxies and large-scale structure beginning from primordial density perturbations. Supermassive black holes, however, seem to present a more difficult challenge. The standard cosmological model, as currently understood, cannot explain how supermassive black holes are born, how they grow, and why or how they die. This talk will present a novel approach for analyzing data from quasar surveys that reveals new information about the luminosity and evolution of black holes. Instead of resolving these problems, the results suggest even deeper puzzles that may require new ideas in astrophysics or fundamental physics to resolve.
Rohta Takahashi (RIKEN) Constraining the size of the dark region around the M87 black hole by space-VLBI observations
Abstract In order to examine if the next generation space VLBI, such as VSOP-2 (VLBI Space Observatory Programme-2) and RadioAstron, will make it possible to obtain direct images of the accretion flow around the M87 black hole, we calculate the expected observed images by the relativistic ray- tracing simulations under the considerations of possible observational errors. We consider various cases of electron temperature profiles, as well as a variety of the distance, mass, and spin of the M87 black hole. We find it feasible to detect an asymmetric intensity profile around the black hole caused by rapid disk rotation, as long as the electron temperature does not steeply rises towards the black hole, as was predicted by the accretion disk theory and the three dimensional magnetohydrodynamic simulations. Further, we can detect a deficit in the observed intensity around the black hole when the apparent size of the gravitational radius is larger than $\gtrsim 1.5 \mu$ arcseconds. In the cases that the inner edge of the disk is located at the radius of the innermost stable circular orbit (ISCO), moreover, even the black hole spin will be measured. We also estimate the required signal-to-noise ratio $\mathcal{R}_{\rm SN}$ for achieving the scientific goals mentioned above, finding that it should be at least 10 at 22 GHz. To conclude, direct mapping observations by the next generation space VLBI will provide us a unique opportunity to provide the best evidence for the presence of a black hole and to test the accretion disk theory. These studies will be published soon (Takahashi \& Mineshige, 2011, ApJ, in press). 
Chulmoon Yoo (Yukawa Institute for Theoretical Physics) Gregory-Laflamme instability of a rotating black string
Abstract We analize the Gregory-Laflamme instability of rotating black strings. We treat the rotation of a five-dimensional black string in a perturbative way. The perturbation equation for Einstein equations can be solved iteratively in the expansion with respect to the rotation parameter. Then, we discuss the effect of the rotation on the Gregory-Laflamme instability.
 




















