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                  TALKS  &  ABSTRACTS                 
Abhay Ashtekar

Advances in General Relativity and Gravitation: A Broad Perspective

For almost 50 years since its discovery, General Relativity remained outside the mainstream of physics and mathematics. That has changed dramatically over the last five decades. I will provide a broad overview of this remarkable transformation. I will use examples to illustrate the impact general relativity now has and will continue to have on astrophysics, cosmology and geometric analysis.

Jim Bardeen
Hawking radiation and information loss - insights from the semi-classical stress-energy tensor.

Both physical arguments and results from a detailed analysis of the semi-classical stress-energy tensor show that for a large Schwarzschild black hole 

1) Hawking radiation is not the result of pair creation or tunneling very close to the horizon,

2) substantial quantum information ends up deep inside the black hole and is not preserved in a “stretched horizon”,

3) the quantum focussing conjecture of Bousso, et al is not valid in general.

Andrei Barvinsky

Gravity: Past, Present, Future, from East to West.

I will briefly dwell on reminiscences of the history of quantum gravity and cosmology in Russia during the last years of the Soviet era, quite amazingly coinciding with the advent of the cosmological inflation theory.  I will then move on to discuss conceptual issues surrounding the quantum origin of our Universe, contrasting two opposing scenarios - "the birth from nothing" vs "the birth from Everything" - the resolution of which  may yield a future deeper understanding of quantum gravity and cosmology.

Harvey Brown
How Einstein came to employ the action-reaction principle in justifying General Relativity.

Einstein regarded as one of the triumphs of his 1915 theory of gravity — the general theory of relativity — that it vindicated the action–reaction principle, while Newtonian mechanics as well as his 1905 special theory of relativity supposedly violated it. In this paper we examine why Einstein came to emphasise this

position several years after the development of general relativity. Several key considerations are relevant to the story: the connection Einstein originally saw between Mach’s analysis of inertia and the principle of general covariance, the waning of Mach’s influence owing to de Sitter’s 1917 results, and Einstein’s

detailed correspondence with Moritz Schlick in 1920.

Michael Duff

Five decades of the gravitational Weyl anomaly
The Weyl invariance under conformal rescaling of the metric tensor, displayed by classical massless fields interacting with gravity, no longer survives in the quantum theory.  Since the 1970s this Weyl anomaly has found a variety of applications in quantum gravity, black hole physics, inflationary cosmology, string/M theory, conformal field theory and statistical mechanics. We give a comprehensive review.

George Ellis
Gravitational Theory and Cosmology: Past, Present, and Future
Because gravity underlies cosmological dynamics, the two are intimately related. That relation has changed in major ways over time, partly due to the assumptions made about cosmology. Firstly the view that the universe was necessarily static has given way to the view that it is necessarily dynamic, because of stability issues plus observations. Secondly the view that the universe is necessarily homogeneous and isotropic has given way to the view that is is generic. This has been supported by perturbation calculations, which play a crucial role in the third transition: from studying only the dynamics of spatially homogeneous models to studying the growth of structure in the expanding universe, which has been a major success. But issues that need clarification abound: the nature of the inflaton, dark matter, and dark energy in particular, details of structure formation, the Hubble constant value, and the nature of the earliest universe: why the gravitational degrees of freedom were not highly excited, like the matter degrees were. Maybe cosmology will show us we need a generalised classical theory of gravity to resolve some of these issues, for example a form of unimodular gravity. We will have to wait for a good quantum theory of gravity to get some kind of convincing view of the origin of the universe - if that is possible. Underlying all of this is the issue

of averaging: we are applying a theory developed and tested at one scale to a completely different scale. In principle extra terms arise in the equations when one takes averaging between scales into account.
Stephen Fulling
Is there a cosmological Casimir effect?  On the reality of vacuum energy

The same mathematics that predicts the Casimir attraction between conducting plates also predicts a vacuum energy in a closed universe that could influence early stages of cosmological expansion.  It is often objected that the Casimir energy is merely a bookkeeping device for calculating the van der Waals force between the conductors; in cosmology there are no conductors, hence there can't be a force.  Although only empirical evidence could settle this issue definitively, I argue by means of a simple analogy that this skepticism requires an illogical, inconsistent attitude toward the formalism of quantum field theory:  The wave equation inside a perfectly reflecting wedge can be solved trivially by the method of images if the angle is pi/N.  For other angles the construction leads back not to Euclidean space but to the locally flat conical space outside a thin "cosmic string", whose Green functions can be found by classical methods.  As stressed by J. S. Dowker (following Sommerfeld), the latter in turn can be treated as periodic image sums of the Green functions of an infinite-sheeted manifold.  Thus, in particular, the (zero) vacuum energy of Euclidean space is obtained as a modification of the (positive) energy of the infinite-sheeted extremal cosmic string in the same way that the (negative) vacuum energy of a finite toroidal universe is obtained from the (zero) energy of Euclidean space.  It is not allowed to change the rules of physical interpretation when the context changes.

Joshua Goldberg

Syracuse and Beyond

I will review the work of the Bergmann group with brief remarks about the efforts on quantization of general relativity followed by more extensive remarks on conservation laws, equations of motion, and gravitational radiation.  This will be followed by a look into the future with MOND which is more a wish than an expectation.

Jim Hartle

The Impact of Cosmology on Quantum Mechanics

In the late '20s and early '30s of the last century quantum mechanics was revolutionizing our understanding of the physics of the very small.  At the same time another revolution was occurring in the physics of the very large. This was the discovery that the universe was expanding from a big bang. This talk will review the impact of cosmology on quantum mechanics. 
The textbook Copenhagen quantum mechanics of measurement situations is not general enough for cosmology. But in the 60 years since Everett a formulation of quantum mechanics has been developed that is adequate for cosmology  --- consistent or decoherent histories quantum mechanics.  
Cosmology seeks to understand the past to simplify prediction of the future. Retrodiction is not possible in Copenhagen quantum theory. But decoherent histories allows observed features of the universe today to be understood as originating from quantum events in the very early universe when there were no observers, or measurements, or even classical spacetime. 
If the universe is a quantum mechanical system, it has a quantum state. A theory of that state is a necessary part of any `final theory'   along with a theory of dynamics like string theory. Some of the successes of the `no boundary' quantum state of the universe will be described.

Gary Hinshaw

The Canadian Hydrogen Intensity Mapping Experiment (CHIME)

CHIME is a novel new radio telescope about to be commissioned in Canada that will map neutral hydrogen over the half the sky from redshift 0.8 to 2.5.  These data will be used to measure the baryon acoustic oscillation (BAO) signature and, in turn, the expansion history of the universe over a 5 billion year long epoch.  The results will provide important new constraints on the nature of the dark energy.

Dennis Lehmkuhl & Daniel Kennefick
Towards a history of binary fields: LIGO and Numerical Relativity

This talk will report on an effort to document and analyze the history of experimental and theoretical work related to gravitational waves. The study will focus on gravitational wave detection, especially the LIGO project, and theoretical efforts to produce templates required for signal analysis in LIGO, especially those

produced using numerical relativity techniques. In order to document this history, archival and oral history techniques will be used, alongside an in-depth analysis of published papers. We will use archival material especially of the LIGO collaboration and of the NSF, and will, as we do so, make efforts to encourage the preservation of such material. The talk will summarize the work done to date, including a recent

visit to the NSF to advise on their preservation efforts, and the work planned for the near future.

Charlie Misner

(1) My 'assists' in some discoveries

In some team sports players are credited not only with their scoring successes, but also with their ‘assists’.  An assist in basketball, international football, hockey, and some similar sports occurs when a player known to excel in scoring (or for evasiveness in avoiding blocks) is passed the ball or puck at an auspicious time by the other, assisting, player so that a score is achieved.  I believe I have played that role in two or three cases where important advances in BH theory were achieved. 

        One case is in teaching David Finkelstein how to think of and sketch tumbling lightcones.  Another is in suggesting to Brandon Carter at the beginning of his thesis work with Sciama that he look at the classical particle motions of a charge in the field of an electric dipole, where an unexpected extra constant of motion is found by Hamiltonian techniques.  A third, less clear case, in in understanding that Werner Israel’s uniquensss theorem for a spherical black hole does not (as suggested by the ‘frozen star’ name for spherical gravitational collapse) mean that Finkelstein’s horizon for the Schwarzschild metric is so far from a generic case that it can never be anticipated in the real Universe.  Instead, as Vishveshwara’s thesis work was then showing, perturbations of the Schwarzschild metric show it to be generic to first order with non-spherical waves carrying all but an axial rotating mode to be waves that radiate either inward or outward from the horizon neighborhood.

(2)    Thematic analysis in BH theory development

Gerald Holton’s 1988 book “Thematic Origins…” provides a useful viewpoint for organizing some developments in the scientific search for an understanding of Nature. Currently the most active themes are radical reductionism (as in the search for a Theory of Everything) contrasted with emphases on emergent theories (as epitomized by Philip Anderson’s 1972 Science article “More is Different”).  

My own views of the nature of black holes makes little use of the reductionist view.  I find it useful to adapt words from several sources to reply to “What is a black hole?”  I regard the formation of a BH as a phase change that converts a region of Minkowski flat spacetime into a different stable state.  Any matter assembled in forming the BH I regard as an enzyme that twists a region of nothingness (empty spacetime) into a difficult stable form.  The enzymatic matter is then discarded by being sent to a distant edge of the Universe at a huge spacelike distance from any later observer of the BH. The detection (LIGO GW150914) confirmed that the black holes found in Einstein’s theory truly exist in our Universe.  These black holes are a dramatic example of an object that cannot insightfully be reduced to its micro-constituents.  

Since supermassive black holes have some quite flat spacetime inside their Finkelstein horizon, I rather expect that the Einstein equations tell us something meaningful about such regions that send out no confirming reports.  Between the unidirectional horizon from which ringdown gravitational waves are generated, and the causal horizon a short distance away (in generic Kerr black holes) there is little reason, if numerical explorations are found stable, to doubt the predictions of the Einstein equations there.  Near the causal horizon some sort of deterministic chaos likely arises, so that the Einstein equations effectively recuse themselves from answering our questions there.  But the flatter regions inside but near the Finkelstein horizon seem to be engaged in a kind of autonomic spacetime creation.  This name can serve to remind us that the mysterious creation of future spacetime from presently existing or previously archived spacetime is not just one overwhelming feature of nature, but exists in at least three variants.  The first is the continual creation of spacetime that we experience everyday as the present evolves into the future, which previously, although anticipated, did not yet exist. The second is the continual new creation of spacetime inside every black hole as it prepares a place to put anything that might fall into the black hole.  The third version of autonomic spacetime creation is that by which the expanding universe manages, on the largest scales where “dark energy” is noticed, to allow a region of space filled with dark energy to expand at unchanged density.

Ted Newman
Almost Light-Cones & Applications
In studies of gravitational radiation, Bondi-type of null surfaces and their associated Bondi coordinates have been almost exclusively used for calculations. It turns out that some surprising relations arise if instead of the Bondi coordinates, one uses ALCs and their associated coordinate systems in the analysis of the Einstein-Maxwell equations near null infinity. The asymptotic Bianchi Identities turn directly into many of the standard relations and equations of classical mechanics coupled with Maxwell’s equations. These results greatly extend and generalize the beautiful results of Bondi and Sachs. They do leave a serious enigma.

John Norton

Einstein's Zurich Notebook

This notebook contains Einstein's private calculations at the decisive moment in his work on general relativity in 1912-1913. Its pages span his first attempts to connect gravity with a metrically curved spacetime; to his recognition with Grossmann's help of the central role of the Riemann curvature tensor; through his struggles to use it forming gravitational field equations; and its rejection in favor of the non-generally covariant field equations of the 1913 "Entwurf" paper.

Roger Penrose
Conformal Boundaries: Old ideas and new Developments

From the 1960s it has proved valuable to consider a space-time from the conformal point of view, i.e. its null-cone structure.  This allows asymptotic questions to be studied geometrically and cosmological horizons to be properly understood.  Since the discovery of the cosmic acceleration, future infinity is now taken to be space-like, as is the Big Bang. This leads naturally to the picture of conformal cyclic cosmology, one of whose implications is the existence of a scalar material, identifiable as dark matter, whose particles (called erebons) would gradually decay into gravitational signals that might be seen by suitable gravitational-wave detectors. 
Martin Rees
From Mars to the Multiverse    (PUBLIC LECTURE)

In the year 2017, unmanned spacecraft have visited all the planets of our Solar System, and even some of their moons, and extensively explored Mars. Many thousands of planets have been found orbiting other stars -- some of these planets even resembling our Earth. Looking further afield, observers have probed galaxies and the massive back holes at their centres, and checked models of their evolution by detecting them all the way back to their formation. Indeed we can trace pre-galactic history back to a nanosecond after the 'Big Bang'. But the key features of our universe -- its expansion rate, geometry and content -- were established far earlier even than this, at a time that precision measurements are now trying to probe.

All these advances pose new questions: What does the long-range cosmic future hold? Should we be surprised at the emergence of life? Is physical reality even vaster than what we can see? Are there many 'big bangs' and many universes? In this illustrated talk I will address these questions.

Wolfgang Rindler
Some remarks on horizons in Friedmann models. 

Why 1956?  What I didn't know then:  conformal time, 2-D subuniverses, topology of the Big Bang.

Carlo Rovelli
Quantum gravity: past, present and future
I attempt a brief overview of the past efforts to understand the quantum behavior of gravity, the state of the art of the various directions currently followed to address the question, and a number of interesting recent ideas put forward for searching for relevant empirical evidence.

Gordon Semenoff
Soft Quantum Gravity

Central to the solution of the infrared catastrophe of quantum electrodynamics and perturbative

quantum gravity is the idea that detection apparatus inevitably have limited resolution and, in any scattering process, an infinite number of arbitrarily soft photons and gravitons are produced and escape detection. Photons and gravitons have polarizations and momenta and one might suspect that those which escape can carry away a significant amount of information. In this talk, I will examine the question as to the quantity of this information loss,  its consequences and suggestions for experimental tests of the theoretical ideas, including whether precision interference experiments could see quantum gravitational effects.

Philip Stamp

Overview of the Gravity Archive Project

The Gravity Archive project involves 3 components, viz., (i) the Michael Wright archive (ii) a programme, already started, of digitizing the scientific papers of,  and compiling detailed video discussions and interviews with, the main participants in the “gravity revolution” which occurred between c. 1956-1980s, and which to some extent is still going on; and (iii) a new centre for the study of this epoch in science, which will involve not only historians and philosophers of science, but also the scientists themselves. I will describe how this project came about, where we are now, and what are the vision and plans for the future. 
Bill Unruh
Black hole horizons and universal coordinates

Over the past few years I have become interested in the history of the horizon and have discovered a few facts which seem not to be well known by most in the field. In addition I want to talk about "might have been"-- what would things have looked like had many of the people who found coordinates which covered one horizon actually developed coordinates which are universal, ie., cover the whole of the Schwarzschild spacetime.

Bob Wald
Information Loss in Black Hole Evaporation
More than 40 years ago, Hawking discovered that particle creation near a black hole formed by gravitational collapse will result in the emission of thermal radiation to infinity. As a result of this process, a black hole

should completely "evaporate" within a finite time. Semiclassical arguments clearly indicate that in this process, an initially pure quantum state should evolve to a final mixed quantum state on account of the entanglement of the Hawking radiation with degrees of freedom inside the black hole and the ultimate disappearance of these degrees of freedom (with respect to our universe, at least) when the black hole evaporates. This talk will present the arguments in favor of information loss, and analyze some of the

counter-arguments and alternative possibilities.
James Weatherall

Motion of Small Bodies in Space-Time

I will discuss some recent work on the problem of motion in general relativity, done in collaboration with Bob Geroch (Chicago).  I will introduce a sense in which a collection of bodies -- including the solutions to some hyperbolic system -- could be said to "track" a curve, and then discuss some of the consequences of this idea.

Curtis Wong
Insights on examples of archive functionality for research, public access and education

This talk will explore three examples of data archives (WorldWide Telescope, Project TUVA, and C2: Leonardo da Vinci's Codex Leicester) whose functionality and accessibility enables broader public use for education and research applications. 

This talk will not focus on general accepted media archival, access or retrieval practices. 

Michael Wright
The Archive Trust for Research : An Overview

My talk will present a brief history of this Archive, which will form the nucleus of the UBC Gravity Archive Project, with an overview of its contents, including the presentation of short extracts from some of the recordings of particular historic interest.   
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