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1) Summary (up to one page)
The workshop “Relativistic hydrodynamics and the gauge-gravity duality” focused on various aspects of relativistic hydrodynamics and the gauge-gravity duality. The gauge-gravity duality has the potential of creating links between fluid phases of relativistic gauge theories thus generating a novel tool for studying hydrodynamics. In this workshop various state-of-the-art directions were discussed which touch upon this relation.
The workshop schedule included between two to three talks per day with plenty of time for interactions between the speakers and other participants. The workshop itself was hosted in the Lidow center for theoretical physics which allowed for ample desk space---a quality which turned out to be very useful for carrying out lengthy discussions among the participants. Having lunch and dinner together as well as short excursions in the neighbourhood of Haifa helped in generating an intimate and friendly environement.
Due to the format of the workshop, even though the talks were highly technical, students and participants not working directly in the field were able to enjoy the talks and access the speakers. Many students and postdocs working on this subject were able to enhance their understanding of the subject matter and participate in the discussions.
Due to the high level of expertise of the speakers and participants, and the encouraging atmosphere several potential collaborations have formed. Hopefully these will evolve and mature into research papers.
2) Description of the scientific content of and discussions at the event (up to four pages)
There were several themes that prevailed throughout the conference. The first was the implementation of conformal field theory in a hydrodynamic setup. This was discussed extensively by Yaron Oz and Grisha Falkovich. In their talks, Oz and Falkovich described various aspects of the role played by conformal symmetry in non-relativistic turbulence. In particular, it was observed that the three point function describing the location of curves of zero vorticity is equivalent to that of a conformal theory with zero central charge. This result was described in detail by Falkovich and its possible effects and manifestations in the gauge-gravity duality was discussed by Yaron Oz.

Edward Shuryak discussed the role of hydrodynamics in heavy ion collisions. Following a line of thought that he’s been pursuing for several years now, he argued that even a small lump of the quark-gluon plasma may be described by hydrodynamics. This has some implications in the quark-gluon plasma created at RHIC which have been discussed extensively.
Larry Yaffe and Allan Adams have discussed some recent numerical studies of black hole formation in an asymptotically AdS black hole background. The numerical schemes described in this context are state-of-the-art and, as described in the talks have already lead to some very interesting results which bear on turbulence, thermalization and energy cascades in superfluids. Indeed, it has been observed that the time scale for thermalization in holographic setups is very short which is reminiscent of some properties of the quark-gluon plasma created at RHIC. An energy cascade for turbulence has been observed for both superfluids and normal fluids. (Generating steady-state turbulence seems at this point, somewhat problematic.) One may now proceed in this direction and seek for an underlying gravitational principle which will generate such cascading behavior.
Carlos Hoyos discussed the manifestation of Lifshitz symmetry in hydrodynamics. He argued for a novel transport coefficient which should exist in such theories due to the non symmetric nature of the stress-tensor. Several discussions ensued as to whether or not this is truly a manifestation of Lifshitz symmetry and whether one should be able to see this transport coefficient in a holographic setup.
Kristan Jensen, R. Loganayagam and Sayantani Bhattacharyya discussed the manifestation of anomalies in hydrodynamics. Anomalies are subtle quantum effects which break what would otherwise seem like a symmetry of the theory and thus non conservation laws for what would otherwise seem like conserved currents. It turns out that this anomaly manifests itself in a very definite way in hydrodynamics. This is a somewhat surprising result: a subtle quantum effect which is different to measure otherwise turns out to have a potential experimental signature in a thermal state. The talks given by Jensen and Loganayagam described a robust framework for computing the role of anomalies for different fluids in various dimensions. Their result hinted at an underlying cohomological structure for hydrodynamic anomalies similar to the one which we currently understand when discussing anomalies in a vacuum state. Bhattacharyya discussed how anomalies manifest themselves in second order hydrodynamics. Her results generalize various partial computations that have existed in the literature.
Giuseppe Policastro discussed zero sound in semi-holographic Fermi liquids. This topic is indirectly related to the core topic of the workshop, though was of interest due its possible implications in the field of the gauge-gravity duality. Policastro analysed some phenomenological implications of holographic non-Fermi liquids and argued that they behave rather differently from Fermi liquids described by Landau theory
Pavel Kovtun and Mukund Rangamani discussed various possibilities for writing a self-contained theory of hydrodynamics in the sense of deriving correlation functions of the theory from an action principle. Two approaches were presented. Rangamani discussed dissipationless fluids, i.e., fluids which do not generate heat when they flow. For such fluids there is a well defined action principle from which one can derive correlation functions. Various weaknesses and strengths of this principle were discussed. Kovtun proposed a different action principle which would be valid for regular fluids. After describing the general features of these fluids he explained how one may reverse engineer the known features of the diffusion equation to construct such an action. 
3) Assessment of the results and impact of the event on the future directions of the field (up to two pages)
One of the main results coming out of this workshop is the need for heavy-duty numerical methods in solving problems associated with hydrodynamics and AdS/CFT. Apart from a very instructive talk given by L. Yaffe on numerical methods in general, there was a highly technical informal talk by A. Adams on spectral methods in general. Judging by the high attendance to his talk it seems that many students, postdocs and researchers are interested in getting a handle over such numerical methods. These numerical methods also seem to make contact with various condensed matter applications of the gauge-gravity duality. Since the first step in generating these numerical codes has been spelt out, it is expected that many more works on this field will now be produced.
Another direction which has received attention is the attempt to write a theory of hydrodynamics from an action principle. Success of such a program would have an impact way beyond the field of relativistic hydrodynamics. A generalization of the action principle to non relativistic hydrodynamics may lead to an improved understanding of turbulence and perhaps, combined with other techniques, uniqueness of the solutions. Various discussions among the participants point to an increasing interest in this subject which may now be tackled due to the works of Loganayagam, Rangamani and Kovtun.
The last topic which received particular attention at the workshop is the relation between horizons and turbulence. Since black holes capture the hydrodynamic behaviour of fluids it is natural that they will also capture turbulence. It was claimed by several speakers that the manifestation of turbulence in gravity would be a fractal event horizon. The implications of these results is quite outstanding. If this indeed turns out to be true then it would mean that one could truly geometrize turbulence and in order to study the effects of turbulence one could alternately study possible fractal structures of event horizons. Understanding turbulence is an age-old problem where very little progress has been made over the last 50 odd years. Providing an alternate understanding of turbulence via black hole geometry will open the door to a more robust cross-disciplinary understanding of turbulence.
4) Annexes 4a) and 4b): Programme of the meeting and full list of speakers and participants

Annex 4a: Programme of the meeting

	May 26
	
	

	9:00
	Breakfast and orientation
	

	12:00-13:00
	Y. Oz
	Gravity and Conformal Invariance in Turbulence

	13:00
	Lunch
	

	15:00-16:00
	C. Hoyos
	Lifshitz hydrodynamics

	18:30
	Dinner
	

	
	
	

	May 27
	
	

	9:00
	Breakfast
	

	10:00-11:00
	E. Shuryak
	The smallest drops of quark-gluon plasma

	11:00-12:00
	Coffee
	

	12:00-13:00
	G. Falkovich
	Symmetries of a turbulent state

	13:00
	Lunch
	

	14:30-15:30
	L. Yaffe
	Einstein’s equations: good for more than just gravity

	18:30
	Dinner
	

	
	
	

	May 28
	
	

	9:00
	Breakfast
	

	10:00-11:00
	L. Yaffe
	Asymptotically AdS numerical gravity

	11:00-12:00
	Coffee
	

	12:00-13:00
	A. Adams
	

	13:00
	Lunch
	

	15:00-16:00
	G. Poliocastro
	Zero sound in semiholographic Fermi liquids

	16:00
	Coffee
	

	17:30
	Excursion to Bet Shearim and dinner
	

	
	
	

	May 29
	
	

	9:00
	Breakfast
	

	10:00-11:00
	K. Jensen
	Gravitational anomaly-induced transport in four (and more) dimensions

	11:00-12:00
	Coffee
	

	12:00-13:00
	R. Loganaygam
	Gravitational anomalies, Spin and Entropy current

	13:00
	Lunch
	

	15:00-16:00
	S. Bhattacharyya
	Second order transport from anomalies

	16:00
	Coffee
	

	18:30
	Dinner
	

	
	
	

	May 30
	
	

	9:00
	Breakfast
	

	10:00-11:00
	P. Kovtun
	Gravitational anomaly-induced transport in four (and more) dimensions

	11:00-12:00
	Coffee
	

	12:00-13:00
	M. Rangamani
	Gravitational anomalies, Spin and Entropy current

	13:00
	Lunch
	

	16:00
	Coffee
	

	18:30
	Dinner
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