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1) Summary 
The workshop “Holography, gauge theory and black holes” was held at the University of Southampton between April 9, 2014 and April 11, 2014. Thirteen speakers gave talks and around forty people attended the workshop. 
The three topics of holography, gauge theory and black holes are intimately intertwined with each other. Holography relates gravity to gauge theory in one less spatial dimension. The holographic paradigm has led to qualitatively new insights into longstanding questions in gravity, such as the entropy of black holes, and conversely has provided a new tool to explore strongly interacting gauge theory by studying Einstein gravity in one higher dimension. 

One of themes of the workshop was applications of holography to condensed matter and to the quark/gluon plasma. If holography is to be used as a tool, one needs to develop holographic realisations of novel condensed matter physics phenomena and solve Einstein’s equations for the dynamics of these systems. This meeting reported progress on modelling semimetals; observable consequences of anomalies and  new results on the dynamical evolution of Einstein’s equations. 
There is considerable current interest in the near horizon structure of black holes, with the key question being whether the naïve Einstein solutions are a good approximation behind the event horizon. This meeting presented two different viewpoints on this question: one states that holography allows the behind horizon region to be reconstructed and it does take the naïve form, while the other states that the horizon and singularity are replaced in any given microstate’s geometry by a cap. Evidence was presented in favour of both viewpoints. 

On the topic of gauge theory, entanglement entropy was a major theme: entanglement entropy is a natural observable in information theory and is easily computed holographically. Progress on bootstraps methods to solve conformal field theories was also reported. 
2) Description of the scientific content of and discussions at the event 
The talks at this meeting can be grouped into four main themes: applications of holography; black holes; entanglement entropy and gravity, and gauge theory.

a) Applications of holography

Stefan Vandoren talked about holographic models of Dirac semimetals. There has recently been considerable experimental progress in realising such systems experimentally. Stefan explained how simple holographic models could be constructed by considering fermions propagating in black brane backgrounds, with particular boundary conditions imposed on the fermions. 
Norihiro Tanahashi reported on progress in dynamical modelling in holography. Probe brane systems provide simple and tractable models for mesons in holographic models for theories qualitatively similar to QCD. If a brane system describing a meson is unstable, then it is important to understand the time scale of the instability and the final end products. Norihiro showed us numerical results on the decay of mesons, so called meson melting. 

Ben Craps also talked about dynamical issues in applied holography. There has been considerable interest recently on critical phenomena in anti-de Sitter, i.e. under what conditions does a black hole form? Insight into these issues can be obtained by working with collapsing shells. Ben reported on recent numerical results on infalling shell collapse in holographic QCD; these results are relevant to understanding the thermalization time for the quark gluon plasma. 
Niels Obers reported on holographic models of systems with Lifshitz symmetry. The main progress described in this talk concerns the development of systematic holographic renormalization for bulk Lifshitz theories which follow from DLCQ reductions of asymptotically AdS axion/dilaton systems. Niels emphasised the role of the emergent Newton-Cartan geometry associated with the Lifshitz theory. 

b) Black holes

Stefano Giusto gave a talk on the black hole microstate proposal, the idea that each microstate of the black hole can be geometrically represented by a geometry which is asymptotic to the naïve black hole geometry but differs at horizon scales. In the proposal the information loss paradox is resolved by the absence of a sharp horizon and the behind the horizon region is radically different from the naïve geometry, as it caps off with no singularity. Stefano and his collaborators are working on the systematic construction of such geometries by solving supergravity equations. He explained that many more supergravity fields are needed to capture details of the microstates than had previously been studied.
Kyriakos Papadodimas presented a completely different viewpoint on the black hole information question, deriving from holography. He first discussed a formal construction of operators in the dual CFT, building two sets of operators which almost commute and are associated with the interior and exterior of the black hole. He then used a boundary to bulk map to argue that the naïve Einstein geometry is a good description of the interior region of the black hole. 

c) Entanglement entropy and gravity

Geoffrey Compere gave an interesting talk on holographic models dual to warped AdS backgrounds and argued that the dual two dimensional theory can be viewed as certain chiral deformations of Liouville theories. 
Joan Camps was one of three speakers on the topic of entanglement entropy. Entanglement entropy can be computed very easily in holographic models described by Einstein gravity but the analogous prescriptions for higher derivative gravity has been elusive. Joan explained how the methods of Lewkowycz and Maldacena can be generalised to higher derivative gravity and presented the entanglement entropy functional for curvature squared theories.
Eric Perlmutter discussed another generalization of entanglement entropy, to higher spin theories and to bulk theories which break diffeomorphism invariance.

Simon Ross gave a talk on holographic measures of multipartite entanglement, using wormhole solutions in three dimensions with multiple asymptotic regions. The multipartite entanglement is not exactly the same as that usually discussed in information theory but such systems may nonetheless be interesting in probing the ER= EPR proposal. 
d) Gauge theory

Karl Landsteiner talked about the issue of consistent versus covariant anomalies and its relevance for transport issues. Anomalies in the currents lead to anomalous charge creation and annihilation at the edges of the Weyl semi-metal. Experimental tests may be able to measure these anomalous contributions.
Balt van Rees gave an overview of the bootstrap program to solve conformal field theories and reported on new results for four dimensional theories with at least N=2 supersymmetry. Balt and his collaborators have shown that there is an underlying relationship between correlators in certain protected section of the four-dimensional theory and correlators of a two-dimensional chiral algebra.

Toby Wiseman reported on phenomenological models of p-branes which capture features of the emergent geometry. Toby discussed why these ideas may explain how black hole thermodynamics emerges in gauge theories which have holographic duals. 
3) Assessment of the results and impact of the event on the future directions of the field 
Throughout the meeting there were considerable discussions about the results presented and possible future directions. 

Both viewpoints on black holes were challenged by workshop participants. The main question in the black hole microstate proposal is whether one can realise a significant fraction of black hole microstates in supergravity, or whether only an exponentially small number of microstates can be found. In the work of Papadodimas it is assumed that one can use the boundary to bulk map, using the naïve black hole geometry, and therefore one is assuming from the outset that the bulk geometry takes the usual form. 
In Compere’s talk, there were questions as to whether the proposed dual field theory is local or non-local. The addition of the deformation term would seem to generate additional chiral symmetry preserving deformations at higher order, which violate locality. 

There are many outstanding questions in entanglement entropy. Joan Camps presented a derivation of the functional for higher derivative theories but the precise definition of the entangling surface remains unclear. For example, there are often multiple extrema of the functional and one needs additional criteria to determine which is the appropriate extremum. These criteria should be derived systematically. 

Simon Ross presented a proposal for the CFT dual to wormholes with multiple asymptotic regions. It is not however clear that this proposal is unique; one could test the proposal further by computing correlation functions of local operators.

Overall, the event provided an opportunity to discuss future directions in these fields and new projects and collaborations were initiated at the meeting. 
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