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Editorial

It is hard to imagine Matters of Gravity without Jorge Pullin as editor, and yet here it is.
Greg Comer and | are new at this and we could use your help. In paular, if you have
ideas for topics that should be covered by the newsletter,gdse email us and/or the relevant
correspondent. Any comments/questions/complaints abouhe newsletter should be emailed
to me.

The next newsletter is due February 1st. This and all subsegut issues will be available on the
web at http://www.oakland.edu/physics/Gravity.htm All previous issues are available at
http://www.phys.Isu.edu/mog | A hardcopy of the newsletter is distributed free of charge to
the members of the APS Topical Group on Gravitation upon regest (the default distribution
form is via the web) to the secretary of the Topical Group. It$ considered a lack of etiquette
to ask me to mail you hard copies of the newsletter unless yowae exhausted all your
resources to get your copy otherwise.

David Gar nkle
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Singularity avoidance in canonical quantum gravity
Vigar Husain,University of New Brunswick vhusain-at-untca
Singularity Avoidance in Canonical Quantum Gravity

The question of whether quantum gravity has something to sagbout spacetime curvature
singularities has a long history, from the early investigabns in the 1960's, to more quantitative
work on symmetry reduced models in the 1970's using the WheeDeWitt quantization.
Some examples of this include work by Misner [1], and by Blyghand Isham [2] on Friedmann-
Robertson-Walker models with a scalar eld.

After a lull of several years, the canonical quantum gravitprogramme was revitalised by
the Ashtekar's triad-connection phase space variables fgeneral relativity. The variables
naturally represented as operators in this so-called loopugntum gravity approach is the
densitized inverse triad, and the holonomy of its conjugateonnection variable.

The rst signi cant development concerning singularity awidance in the loop quantum gravity
(LQG) programme occurred inadvertantly, in an attempt to dene a regularized Hamiltonian
constraint operator. This was the construction of a triad oprator by Thiemann [3]. It
was realized a few years later by Bojowald [4] that the algedic relation used to de ne this
operator in the full theory could also be used in quantum cosmiogy to de ne an \inverse
scale factor" operator. The \source" of singularity avoidace in the symmetry reduced models
studied so far in \loop quantum cosmology” (LQC) is that the nverse scale factor operator
is bounded, at least in the isotropic models.

The basic mechanism used in de ning the inverse scale factoperator in LQC may be il-
lustrated in a mechanical system. Consider a 2-dimensionghase spaceX; p) with planar
topology, and consider a quantization on a spatial equi-spad lattice with spacinga. There
is a quantization and a basis such that the translatio®® is realized as a shift operator, and
the position x is diagonal. An inversex operator can now be de ned by starting with the

Poisson bracket identity
) 2
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and writing an operator expression for the righthand side. &ing the expressions for the
translation and position operators, it is evident that thisinverse position operator is diagonal
in the position basis, and is bounded. This is the essence betsingularity avoidance result
in LQC.
The Poisson bracket \trick" used for the singularity avoidance result is applicable in other
models for quantum gravity outside the LQG context; it does ot depend on the use of
the connection-traid variables which are at the basis of LQGbut rather on the choice of
representation used for quantization. This observation veaexploited by Husain and Winkler
to revisit the quantization of models systems formulated usg the ADM variables. This has
led to singularity avoidance results for FRW models which a&r qualitatively similar to those
found in LQC, and also for the gravitational collapse probla in spherical symmetry [5].

There are two aspects of the results of singularity avoidaac The rst is kinematical in the
sense that the operators corresponding to the inverse triad the model systems is bounded.
The second is dynamical in that Hamiltonian evolution is weélde ned and unitary beyond
the point of the singularity { that is evolution does not terminate there. This feature of
evolution in LQG based models arises due to its innate latcstructure: the Hamiltonian
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constraint acts discretely so that the Hamiltonian constrant condition is a di erence equation
rather than a di erential equation as in Wheeler-DeWitt quantization. For regions away from
the classical singularity, the di erence equation behavemerely like a discretisation of the
corresponding Wheeler-DeWitt equation, but for regions oke to the singularity this is not
the case, due partly to the incorporation of the inverse saalfactor operator in the di erence
equation.

This second aspect was demonstrated explicitly by Ashtekabingh and Pawloski in an FRW
model coupled to a massless scalar eld [6]. By consideringotution using the scalar eld

as a time variable, they showed using a numerical computatiothat a wave packet loses
coherence as it evolves toward the classically singular r@g, and after a bounce begins to
regain coherence as it evolves away from this region.

Beyond model systems, there has been a detailed investigatiby Brunnemann and Thiemann
of triad operators in full LQG [7]. One central result here ighat such operators are not
bounded above in the full theory in a strict sense { there areecttain classes of states in the
kinematical Hilbert space of LQG that lead to the result. Whie the inverse scale factor
in anisotropic LQC models is also unbounded, its eigenvaki®n zero volume eigenstates is
bounded. In full LQG, however, even on zero volume eigenststthe operator corresponding
to the inverse scale factor is unbounded.

This work brings to the fore in the LQG setting the old questia of the relevance of mini-
superspace quantization for understanding quantum grayit Speci cally to the issue of sin-
gularity avoidance, it raises the question of what featuresf the full theory are ultimately
responsible for this, and how it manifests itself in symmejrreduced models. For instance,
the second conclusion drawn from [7] is that the expectatioralue of the inverse scale factor
operator remains bounded in the sense of expectation valuggh respect to a one parameter
family of coherent states whose peak in phase space follows tlassically singular trajectory.
This result of full LQG implies a completely di erent sense bsingularity avoidance than the
one obtained in LQC, but at least it does not contradict the L result.

Further understanding of the issues raised by this work enfagoing beyond the simplest
models, to at least those that have some inhomogeneity. This being studied by several
people both in the context of cosmology and gravitational dlapse.
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What's new in LIGO

David Shoemaker,MIT dhs-at-ligo.mit.edu
What's new in LIGO

Here is a brief update on the advances in LIGO { our name for thelGO Laboratory (Cal-
tech/MIT) and the greater LIGO Scienti ¢ Collaboration (LS C).

Observing The LIGO S5 science run, including the 4km- and 2km-length tarferometers
at Hanford, Washington, the 4km instrument at Livingston, Louisiana, and the GEO600
Detector near Hannover, Germany, continues. There have besome brief breaks for minor
commissioning and repairs, and happily both the sensitiwitand the uptime of all the instru-
ments have been improving through the run. The LIGO instrumets are now exceeding their
sensitivity requirement by about a factor of three, and e etively meeting the goal sensitivity
curve laid out in 1995. Our commitment to the NSF is to collecbne integrated year of data
with the instruments at their design sensitivity, and we hae now roughly 40% of those data.
The German/UK GEOG600 detector is also working nicely, with avery high duty cycle.

Analysis The analysis pipelines are continuing to be re ned, and we arcatching up on
the continuous data stream from the instruments. Results arin preparation from the S4,
and the rst half of the S5 run. Recently published papers onata analysis are \Search for
Gravitational Wave Bursts in LIGO's Third Science Run" (B. Abbott et al. (LSC), Class.

Quantum Grav. 23, S29-S39 (2006); gr-qc/051146 ) and \Uppdrimits on a Stochastic
Background of Gravitational Waves" (B. Abbott et al. (LSC), Phys. Rev. Lett. 95, 221101
(2005); gr-gc/0507254 ). Soon to appear will be \Search forayitational wave bursts in

LIGO's third science run" (gr-qc/0511146 ).

Enhanced LIGO Once the S5 run is complete, probably in the Fall of 2007, thedtaboration
will make some incremental improvements to the detectorsripcipally to the interferometer
readout system. An increase of sensitivity of roughly a fast of 2 over a broad range of
frequencies is anticipated, increasing the volume of spasearched by a factor of 8. We will
run the instruments once again for an extended run with thismproved sensitivity. The design
for these improvements has made signi cant progress overghast six months.

Advanced LIGO Our plans for signi cant further improvements to the instrument sensi-
tivity were reviewed by the NSF at the end of May. This ‘Basatie Review' is intended to
complement an earlier technical review, and covered the @mgzation, costing, schedule con-
siderations, and readiness for project funding. The reviesommittee stated in its written
review that it was \impressed" with the plans for the upgrade and we feel we have reason to
be hopeful that the NSF, OMB, and Congress will nd that this 5 a good use of the taxpayers'
money. The Advanced LIGO instrument will have more than a faor of 10 better sensitivity
than the Initial LIGO instruments now running, increasing the number of candidate sources
by more than 1000, and should make observation of gravitahal-wave sources a common
event. We plan to start the project in 2008, start installingthe new instruments in 2010, and
be collected interesting data in 2014.



Scanning New Horizons: GR Beyond 4 dimensions
Donald Marolf, UC Santa Barbara marlof-at-physics.ucsbda

For ten weeks this winter, a diverse collection of gravitabnal physicists gathered at Santa
Barbara's Kavli Institute of Theoretical Physics to discus myriad phenomena related to
gravity in d 6 4 spacetime dimensions. Though there was also interest ilhg cased = 3,
the program (organized by Luis Lehner, Rob Myers, and mysglfargely focused on the case
d > 4. Why study gravity outside of four dimensions? In my opinio, the most basic reason
is that the dimension is a parameter one can dial to learn morabout the deep nature of
gravitational phenomena. Recall, for example, that via Kaiza-Klein reduction a theory with
d > 4 can in some cases be regarded as a 4-dimensional theory vedmplicated matter
elds. Thus, one might expect any truly universal property & gravity to apply equally well
to both high and low dimensions. The Bekenstein-Hawking aaelaw for black hole entropy
is perhaps a prime example such such a dimension-indeperidgimenomenon, and as such is
widely regarded as a deep principle of gravitational physc One aim of this program was to
discover what other phenomena are similarly universal, anghich phenomena are not. Other
motivations for studying higher dimensional gravity inclae string theory, various “large extra
dimension' scenarios for our universe, and general fun withathematical physics.

Gravity in higher dimensions exhibits a number of striking éatures which stretch our 3+1
intuition. For this reason, a primary goal of the program wasto bring together higher-
dimensional physicists with specialists (e.g. mathematt physicists or numerical physicists)
who usually work in 3+1 dimensions. The hope was that by bririgg to bear sophisticated
tools, progress could readily be made on a number of highenginsional issues, mostly cen-
tered on the physics of black holes. As usual in general relaty, these issues focused on
existence, uniqueness, thermodynamics, stability, and dgmics.

This fusion was quite successful, and the spectrum of resulivhich came out of the workshop
is too broad to fully summarize here. With apologies to thosehose work | will not mention
(and to those for whom | mention only a small part of their worl, I'd like to quickly review

a few areas which were the focus of much discussion and wheregpess was especially signif-
icant, and/or there is great potential for further input from inspired readers of this article. |
emphasize that only a small fraction of the interesting rests obtained are mentioned below.

Existence, unigueness, and thermodynamics

What sorts of black objects exist in higher dimensions? Retég, we have learned that higher
dimensions host a rich spectrum of black objects, includingtationary black rings for which
cross-sections of the horizon are not spheres; see [1] foeeent review. In 3+1 dimensions,
Hawking's theorem guarantees that the horizon topology igpherical. Using similar methods,
some results on the higher dimensional case were already\Wwno However, a forthcoming set
of papers ([2] and others to appear) by Lars Andersson, Gregalbbway, Jan Metzger, and
Rick Schoen will close an important loophole related to thegssibility of Ricci- at metrics
on the horizon, further narrowing the possibilities.

As with Hawking's theorem, it can be quite unclear how a giveresult will generalize to higher
dimensions. A patrticularly interesting example is that of he black hole rigidity theorem,
which states that every stationary black hole is axisymmeit; i.e., that it has a rotational
Killing eld. An important corollary of this result is that t he event horizon of a stationary
black hole is a Killing horizon, and thus that it has a well-dened surface gravity which is
constant over the horizon. In this way, the rigidity theoremis deeply connected to black hole



thermodynamics, and one would expect it to generalize redgito all dimensions. However,
the standard proof in 3+1 dimensions [3] relies on the fact #t cross sections of the horizon
have topologyS?. The generalization to higher dimensions is highly nontrial, and has only
recently been established by Hollands, Ishibashi and Wald][ in part as a result of the KITP
program and interaction with Jim Isenberg and Vince Moncrig from whom a related paper
is expected soon.

Stability

Stationary black rings exist, but are they dynamically stake? A number of potential instabil-
ities have been discussed in the literature: radial instaliiies, Gregory-La amme Instabilities
(see below), super-radiant instabilities, and potentialnstabilities associated with absorption
or emission of radiation. Our program saw signi cant progrgs in establishing that black rings
dosu er from such instabilities. First, a work by Jordan Hovddo and Rob Myers established
[5] that very large black brings are unstable to a Gregory-Lamme type instability. In addi-
tion, Henriette Elvang, Roberto Emparan and Amitabh Virman provided evidence [6] that
all neutral black rings (at least, in 4+1 dimensions) are urtable in some way. For the branch
of the black ring solutions with the largest entropy, they sbw that such black rings su er
from a radial instability as well as a Gregory-La amme insthility. Furthermore, they give
evidence that the Gregory-La amme instability should leacthe black ring to break up into a
set of black holes with largeorbital angular momentum. Finally, Oscar Dias showed [7] that if
“doubly spinning’ black rings exist, then they will necessdy have a super-radiant instability.

Dynamics

A new dynamical issue that arises ird > 4 dimensions is the Gregory-La amme instability
[8] of thin black strings, membranes, etc. It is known that may black string solutions are
linearly unstable to perturbations that break translatioral symmetry along the string but
which preserve rotational symmetry around the string. Thenstability causes the string to
become ‘lumpy,' thickening in some places while thinning atertain ‘'necks." The endpoint
of this instability has been a subject of much debate and digssion. The original work
[8] conjectured that the thin necks might shrink to zero sizend then “break,' so that the
endpoint is a set of separated black holes. Much of the intestein this work revolves around
the fact that such a bifurcation would violate certain formsof Cosmic Censorship. Because
the interesting question involves the non-linear regimet is natural to explore this question
numerically. Indeed, the 2003 numerical simulation [9] wake focus of much discussion at the
program. In particular, when plotted against their asymptaic time coordinate, the evolution
of many quantities in the spacetime shows signs of slowingysi cantly near the point where
their code crashes. One might take this as evidence in favadr @ scenario (see e.g. [10]) in
which the endpoint is simply a static lumpy black string. It goes without saying that better
numerical simulations are needed (and the authors of [9] ameaking progress in this direction).
However, our discussions also produced the conclusion thrabre physics could be obtained
by analyzing the data of [9] in terms of a more physical time codinate; e.g., the retarded
time along past null in nity. Because this retarded time midt di er substantially from the
coordinate time of [9], such a new analysis might suggest yedi erent results more in line
with the original bifurcation suggestion of [8]. Interestd individuals may wish to consult
[10,11,12] for more detailed discussions of possible endp

Summary

The 2006 KITP program "Scanning new horizons: GR Beyond 4 dansions' was a period of
intense interaction and discussion between a diverse arraf/physicists which led to a number



of exciting new results. Yet much remains to be done, and in gacular there is much room
for input from both mathematical and numerical relativists Although the physics concerns
large numbers of dimensions, interesting special casesafhave su cient symmetry to reduce
problems to either 3 or 2+1 dimensions or less. Examples ofcbuproblems include the stability
of "ultra-rotating' higher dimensional black holes, the astence of stationary black rings in
d > 5 dimensions, and the existence and stability of “branewdtlblack holes. In such cases,
numerical analyses can be especially useful. | will be onlgd happy if this short summary
encourages others to enter this exciting eld and to furthedevelop existence, uniqueness,
thermodynamic, stability, and dynamic results in gravity keyond 4 dimensions. Links to the
program talks and discussions can be found at http://onlingtp.ucsb.edu/online/highdgr06/,
and provide a useful introduction to many such topics.
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Quantum Gravity in the Americas IlI
Jorge Pullin, Louisiana State University pullin-at-Isu.€u

The third edition of the \Quantum gravity in the Americas" wo rkshop was held at PennState
on August 23-26. The previous instances of the workshop weaé Mexico City and the
Perimeter Institute. The workshop was structured into disassion sessions. Each session
centered around a topic with one or two \rapporteur talks" 0f20-40 minutes each, and shorter
talks contributed by participants. About 50 researchers sm the US, Mexico, Canada and
Uruguay attended the meeting.

The rst day had an interesting session on new results on theenormalization group applied
to Einstein's theory, chaired by Max Niedermeier and with a pesentation by Frak Saueressig.
New results suggest that a xed point may exist for Euclidearkinstein gravity in perturba-
tion theory and that the theory somehow has dimensionalitydur at large scales and two at
shorter scales, a result that matches those of dynamicalangulations and quantum geometry
underlying loop quantum gravity.

The second session of the day was about loop quantum cosmygladhaired by David Craig
and with Parampreet Singh presenting. Newer formulationsfdoop quantum cosmology not
only include the earlier attractive results of in ation and tunneling through the singularity
but they also have a clear prediction for when the quantum réme stops and the classical one
starts.

The rst afternoon session was chaired by Ted Jacobson andntered on cosmology and ob-
servations. Daniel Sudarsky spoke about how the quantum wgations of the early universe
can morph into matter perturbations in cosmology and possié mechanisms for this to hap-
pen. Nelson Nunes commented on further results of loop quamt cosmology with possible
observational implications.

The last session of the rst day was on e ective descriptionschaired by Martin Bojowald.
Summarizing a very interesting recent development, Lauréfreidel considered 3-dimensional
gravity coupled to scalar eld and presented the scalar eldheory on a non-commutative
space that results by integrating the gravitational degregof freedom. Radu Roiban discussed
e ective eld theories in string theory and discussed theilimitations in the regimes in which
they predict occurrence of various types of singularities.

On day two the morning started with a session on discrete appaches, chaired by Rodolfo
Gambini with talks by Luca Bombelli and myself. Luca gave an\erview of causal sets and
| presented the new results we have on uniform discretizatie for quantum gravity

| chaired the next session on the physical sector of loop quam gravity. Very nice talks by
Jerzy Lewandowski on the status of the Hamiltonian constrat and by Bianca Dittrich on
the \master constraint program” summarized our current un@rstanding of the dynamics of
the theory.

The afternoon sessions started with Laurent Freidel chairg a session on spin foams where
Robert Oeckl and Florian Conrady spoke on issues related tbe path integral formulation
of loop quantum gravity.

The last session of the day was on quantum geometry and mattehaired by Seth Major and
with talks by Kevin Vandersloot and Mikhail Kagan on e ective descriptions in cosmology and
inclusion of inhomogeneities and by Fotini Markopoulou on gecent suggestion of a possible
link between the mathematics of braiding in 3-dimensions @nthe physics of fundamental
particles of the standard model.



Saturday started with a session on quantum gravity phenomefogy, chaired by Daniel Su-
darsky and with a comprehensive review by David Mattingly. Tie second session was chaired
by Jerzy Lewandowski on mathematical issues of loop quantugravity and talks by Jose
Antonio Zapata and Daniel Cartin.

The afternoon session on Saturday was about the interface gravity with thermodynamics
and cosmology, chaired by Warner Miller and with talks by Tedlacobson on the “derivation'
of Einstein's equations from non-equilibrium thermodynanes and by Stephon Alexander on
the possibility of the role of gravitational waves in Baryognesis.

The conference closed with a discussion and summary chaireg Chris Beetle including a
round table on black hole entropy and a nal summary by Abhay Ahtekar.

The small setting of the conference, combined with ample tiefor discussions and the fact that
the audience was technically savvy on the eld led to very nediscussions and clari cations
of points and left those attending with a crisp overview of tls rapidly developing eld.
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New Frontiers in Numerical Relativity, 2006
Luciano Rezzolla, Albert Einstein Institute rezzolla-ataei.mpg.de

Traditionally, frontiers represent a treacherous terrairto venture into, where hidden obstacles
are present and uncharted territories lie ahead. At the santme, frontiers are also a place
where new perspectives can be appreciated and have oftenrbee cradle of new and thriving
developments. With this in mind, the numerical-relativity group at the Albert Einstein
Institute (AEI) organised a workshop with the goal of exploing and understanding these
New Frontiers. The workshop took place from July 17-21, 20G#8 the AEI campus in Golm,
Germany. The meeting was focussed on the numerous issued tiacur in numerical relativity,
such as: formulations of the Einstein equations, initial da, multiblock approaches, boundary
and gauge conditions, and of course relativistic uids andlasmas.

Almost 20 years since the homonymous meeting held at Urba@iampaign (\Frontiers in
Numerical Relativity”, 1988), this meeting saw the enthusstic participation of a great part
of the community, with 127 participants present (in 1988 thee were 55) and with a large
majority being represented by students and postdocs, a reasing sign of good health for the
community. The program was organised so as to have few talksthivample time dedicated
to discussions, which were then continued over breaks, meand late evenings. In addition,
a whole session spanning the last afternoon was dedicatedaio \unconstrained" discussion
which covered some of the most controversial issues that exyed during the conference.
During this discussion, led by E. Seidel, particular emphés was placed on the need for
systematic comparisons between waveforms generated by etient codes, as well as on the
connection to the data-analysis community.

A good overview of the conference can be found on the webpagk tlee conference
http://numrel.aei.mpg.de/nfnr , Which contains the list of the participants, a copy of the
program and downloadable version of the talks. Because ofghin what follows | will simply
report the highlights of the di erent thematic sessions wheh composed the program.

Formulation of the Einstein equations

This session saw talks covering issues that go from pointirogit clues about \why do
codes crash" (C. Bona), over to the generalized harmonic g conditions in use by
the Caltech/Cornell group (L. Lindblom), to the well-posedess and equivalence of dif-
ferent formulations and their relations when \live" gauge onditions are used (J.M.
Martin-Garcia), to conclude with a prescription on how to dal with constraint vio-
lations in rst-order evolution systems. Particularly interesting was also the progress
report on the ability to perform numerical simulations of tre tensor wave equation with
pseudospectral methods and which represents the rst stepwards the solution of a
maximally-constrained formulation of the Einstein equatns (J. Novak).

Initial-Value problem

This session covered a classical topic in numerical reldtyw the construction of initial
data for binary black hole systems. The talks focussed on gbbns found with a parallel
multigrid solver for binary systems with non-trivial spin combination (S. Hawley), on
how to improve the Bowen-York prescription the initial datawith spinning black holes
(M. Hannam), or on how to use matched asymptotic expansion® bbtain approximate
but hopefully more realistic binary black hole initial data (W. Tichy). Particularly
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interesting were also the progress reports about the use afjenious coordinate trans-
formations to build quasi-equilibrium con gurations of abitrary binaries (M. Ansorg)
or on how to take properly into account spin in the constructn of initial data for binary
black holes with spins and in circular orbits (H. Pfei er). Both approaches showed the
impressive accuracy of pseudospectral methods for this tywf problems.

Evolution of vacuum spacetimes

A lot of excitement preceded this session and it was all well ativated. A number
of impressive results were in fact presented, some of themrmpiy beyond (a realistic)
imagination only a couple of years ago. Some of the results the \moving-punctures”
prescription, which have been recently published, were mented in great detail (C.
Lousto, J. Baker) and led to a lively discussion. Equally irresting were the talks of
other groups reporting their ability to now perform multiple orbits simulations of binary
black hole systems when treated using moving punctures andcanformal traceless
formulation of the Einstein equations (P. Marronetti, B. Bsgmann, F. Hermann, D.
Pollney). Of topical relevance to the community engaged inymcture evolutions, was the
recent work which studied the stationary slicing of punctug spacetimes and the behavior
of elds at the puncture (Bragmann, Pollney). Also rather impressive were the results
on binary inspiral and merger carried out within a harmonicdrmulation of the equations
either as second-order systems with nite-di erence techiques (F. Pretorius) or as a
rst-order system with pseudospectral methods (M. Scheel\While the latter approach
still needs to nd an e ective management of the domains at tke time of the merger, the
quality of the results presented for the inspiral has proviedd additional evidence of the
accuracy of spectral methods. In addition, a useful compadn between the harmonic
and conformal-traceless formulations was also presentesia rst application of a newly
developed code (B. Szihgyi). Very interesting work is ats being done in areas beyond
the binary black hole problem, with simulations of generalisgularities and the apparent
validity of the BKL conjecture (D. Gar nkle), or the formati on of naked singularities
in the collapse of an ultrarelativistic uid (M. Snajdr), or on a new prescription to
smooth-out a singularity and perform stable and accurate mlations (E. Schnetter).

Evolution of non-vacuum spacetimes

The large number of abstracts submitted to this session is amportant indication that
numerical relativity is not interested only in evolutions & pure-black-hole spacetimes
and that a wider bridge towards numerical relativistic-astophysics can be built. The
session saw talks over a wide range of topics, from the anadysf the dynamical barmode
instability and which provided a conceptual framework to deermine why and when the
instability is suppressed (G. Manca), over to the use of a sgieal-methods code to study
the behaviour of rotating and magnetized stars in quasi-edibrium (S. Bonazzola),
and to the modelling of radio images of Sgr A* using accretiodisk simulations from
a General Relativistic Magnetohydrodynamics (GRMHD) cod®n a Kerr background
(S. Noble). Focus of a lot of attention were also simulationsf gravitational collapse
with talks on either the collapse of stellar cores to protoeutron stars or of dynamically
unstable neutron stars to black holes. More speci cally, seilts were presented of 3D
simulations of realistic stellar cores employing a nite¢mperature equation of state
and an approximate treatment of deleptonization (C. Ott, H.Dimmelmeier) as well as
of 2D simulations of magnetized stellar cores in the test-lé approximation (T. Font).
Also, results were presented of 3D simulations of uniformigotating neutron stars in
which a novel technique avoided the use of excision and hasoaked calculation of the
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rst complete waveform of the process (L. Baiotti), as well a of 2D simulations in
full GRMHD of di erentially rotating neutron stars, whose dynamics could be of help
in modelling the engines powering short gamma-ray bursts (Estephens). Two newly
developed codes were also presented which solve the equetiof GRMHD either on a
xed black hole background and developed to model jet formain (Y. Mizuno), or on
an arbitrary background and developed to extend the applit@ns of the Whisky code
to scenarios in which magnetic elds play an important role B. Giacomazzo). Last but
not least, a critical assessment was made of present techmeg to handle surfaces and
interfaces in relativistic hydrodynamics, and which will eed to be improved for a future
description of multiple uids (I. Hawke).

Multiblock techniques and AMR

This session saw talks on an area of numerical relativity wéh has grown rapidly in
recent years and is expected to be of increasing importancdn particular, details
were given about the multidomain pseudospectral collocath methods used by the
Caltech/Cornell group to evolve spacetimes with black hoge (L. Kidder) as well on
6-patches schemes with either overlapping or simply touclg patches. In the rst case
details were presented on the way in which the patch ghost zesare \synchronized" by
interpolation, on the tensor basis used in each patch, and @he handling of non-tensor
eld variables (J. Thornburg). Similarly, the main ingredients for the touching patches
approach, such as high-order summation by parts nite-di @encing operators and com-
patible dissipation operators, the use of penalty methodsif the inter-block boundaries
and adaptive time stepping, were also discussed in detail.(Piener). Finally, results
were presented for a new class of analytic solutions to thediarized Einstein equations
for the Bondi-Sachs metric to be used as a testbed in a code dayng stereographic
coordinates and six angular patches (N. Bishop) and for an ARIcode with fourth-order
discretization in space and time and exploting compacti céon in space. Examples were
given on the use of this code for the study of non-interactingnassive Klein-Gordon eld
together with Yang-Mills-Higgs systems (P. Csizmadia).

Boundary Conditions and perturbative methods

Recent work on another of the classical areas of research mmerical relativity, that
which is interested in the de nition of mathematically consstent and numerically accu-
rate boundary conditions, was presented in this session. kospeci cally, a presenta-
tion was made on how to use trapping horizons to provide simghlnd satisfactory inner
boundary conditions in black-hole spacetimes making use thie excision technique (E.
Gourgoulhon). In addition, outer boundary conditions werehe focus of several talks
which addressed issues such as the de nition of well-posetiiation-controlling bound-
ary conditions for the harmonic formulation of the Einsteinequations (O. Rinne), or
the use of absorbing boundary conditions through a geometrapproach (O. Sarbach)
and the application of absorbing boundary conditions in exaples of the linearized
form of the Einstein equations (L. Buchman). Finally, resuk were presented on how
to use black-hole perturbation theory and e ective-one-bdy ideas to determine the
gravitational-wave signal for the inspiral and merger of Imiary black-hole systems in the
extreme mass-ratio limit (A. Nagar).

In recognition of his important work in the eld, the conference hosted a public lecture

by Jimmy York on \Dynamical Principles of General Relativity", held at the picturesque
Schlosstheater im Neuen Palais, within the premises of theu$ Souci Park in Potsdam.
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Talks given at the conference will appear as regular refeckarticles in a special issue of CQG
to be published in 2007, with M. Campanelli and L. Rezzolla &iog as editors.
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Teaching General Relativity to Undergraduates
Greg Comer, St. Louis University comergl-at-slu.edu

On July 20 and 21, 2006 the AAPT held a Topical Conference at 8cuse University on
Teaching General Relativity to Undergraduates. Why? Becae the time has arrived to
incorporate special and general relativity fully into the gneral physics curriculum. If you
need to be convinced, consider that the equivalence printgpvorks so well it is almost obscene,
GPS fails when GR is ignored, gravitational red-shift is a &, the Hulse-Taylor Binary Pulsar
is producing gravitational waves, gravitational lensing asts, the expansion of the universe is
essential for cosmological nucleosynthesis (which proeuakcthe lighter elements H, He, Li, etc),
supermassive black holes in galactic centers appear to be thorm rather than the exception,
and the Laser Interferometer Gravitational-Wave Observairy is near its design operation.
Let us not forget that Dirac's great prediction of antimatter came about after he merged the
physics that is spacetime with quantum mechanics. Althoughot a reason for inclusion in
physics courses, it is remarkable that Einstein'® = mc? is an icon of popular culture, and no
doubt recognized by more people than Newtons = ma. As always, knowingwhy relativity
should be incorporated is one thing, knowingpowis an entirely di erent matter.

This conference was my rst introduction to the increasingl hot pursuit of pedagogically
sound models and curricula for teaching relativity at the ppular, high school, and under-
graduate levels. | learned that one does not have to be a ralaty expert to participate fully.
In fact, one of the goals is to develop a curriculum that doesoh require such expertise (for
the simple reason that we cannot expect schools to have a telst on sta ). Another goal
is to streamline delivery of the mathematics of relativity & as to deliver the \goods" that the
students want to study and that educators want to teach: blac holes, gravitational waves,
cosmology, and so on.

Pearson Addison-Wesley and Cambridge University Press mided participants with desk
copies of ve of their important GR textbooks. The authors offour of these texts, Jim
Hartle, Bernard Schutz, and Edwin Taylor, were in attendane, and we were able to \pick
their brains” and get rst-hand accounts of their texts. Broadly speaking, most of the
books re ect two di erent approaches: math rst or physics rst. The notable exception
is a new text by Schutz which is designed for a general audiencnamely, students who
are taking their rst (and perhaps only) physics course. Thamnath rst approach develops
the mathematical foundations (tensors and di erential gemetry), introduces the Einstein
equations, and then provides applications. In the physicsrst approach, applications occur
rst and only after key physics concepts are encountered ddvé mathematical underpinnings
and Einstein equations appear. Understanding of gravity ascurved spacetime phenomenon
is acquired via analysis of speci ¢ solutions to the Einsteiequations (such as those for black
holes, gravitational waves, and cosmology). Loosely sp&al we can think of math rst as
going from the general to the speci ¢, and physics rst as thether way around.

The speakers were well chosen, their presentations werecfaating, and the discussions af-
terward and in breakout sessions were captivating. My desirfor teaching relativity was
invigorated, and | came away truely optimistic about the posibilities. Jorge Pullin gave a
very good review of the central ideas of relativity (withoutinundating us with complicated
mathematics) for participants who were new to teaching a GRourse. Jim Hartle presented
his rationale for the physics rst approach. He has found thiasstudents can understand many
GR physical e ects quickly if they have some knowledge of meanics. He emphasized that
the structure of a course on GR very much depends on the conteof where it is delivered:
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Who will teach it? How much time is available? What is the targt audience? Tom
Moore, who has a remarkable wealth of experience in teachirgativity to undergraduates,
discussed ways in which the mathematics of GR can be more dagirasped by the students.
For example, he has found that basic concepts can be e ectiyepresented via analysis of
two-dimensional metrics, such as using non-Cartesian cadarates for the at-space metric
and exploring the metric properties of the sphere. His expence also shows that students
need lots of drilling on index manipulation.

While Neil Ashby and Rai Weiss talked seriously about GPS andbservation and experiment
in GR, respectively, they also gave us some really juicy tadl tidbits. We learned from
Neil Ashby that while GR corrections were available to GPS,hHe necessary circuitry was not
turned on initially (maybe because a highly placed, powerfindividual was not convinced the
corrections were needed). After the satellites were in otbit was, more or less, immediately
determined that the system was not working. Only after the GReircuits were switched on,
did GPS live up to its promise. As they say in football: \ScorE Rai Weiss regaled us
with his personal experiences of learning and teaching réldéty and performing experiments
that test GR. While preparing to teach relativity for the rst time (in the Sixties), he spent
some time studying the existing data. In his own inimitable tyle, he expressed his, shall
we say, disappointment|OK, it was disgust|with what he foun d for, say, measurements of
light de ection by the Sun.

A major point that was emphasized several times is that therghould be signi cantly expanded

discussion of acceleration in special relativity. Even amg professional physicists there is
a common misconception ( rst created, apparently, by Eingin himself) that GR is needed

to really understand acceleration. It was pointed out, hower, that we have no conceptual
di culties with accelerations in elementary particle scatering, so why should we have a
problem when applying it to, say, the twin paradox? Even betr, Don Marolf showed how
one can use acceleration in special relativity to understdrsalient features of horizons in GR.

While Marolf's talk indirectly addressed the misconceptio about acceleration, Peter Saulson's
talk was a direct rebuttal of another, which is the misconcdmn that laser interferometry
cannot be used to detect gravitational waves. The incorreageasoning says there will be
no interference because a passing gravitational wave wittetch and squeeze the legs of the
interferometer and the light in the same way. Of course, angis based on GR and the
Maxwell theory is unegivocal; therds interference.

Finally, the talk of Stamatis Vokos had, perhaps, the most tgay about roots of misconceptions
of relativity. He and his colleagues have done rigorous stied on how students go about
absorbing, processing, and applying what they learn in a adlvity course. At the most basic
level they have found that a student's understanding of sinttaneity is crucial for learning
relativity.

The main message of the conference is clear: there is muchkatorbe done, but Relativity will
soon rise out of the abyss of undergraduate syllabus topidst are labeled \Time Permitting."
The call is out and a concerted e ort is in place. If you want tohelp, now is the time to
act. As a matter of fact, | have a personal request: | am the ddr of a new section on
relativity that is to be put together for the ComPADRE project. It is a web-based network
of educational resources supporting teachers and students physics and astronomy (see
http://www.compadre.org/portal/index.cfm). Bruce Mason, a P.l. of the project, visited
the conference and spoke brie y about ComPADRE's basic plisophy, current status, and
future goals. For those who would like to have their material on relativity made available,
please send an e-mail to comergl@slu.edu with (1) a link todlsite, (2) the target students,
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or level of the course, and (3) a two or three sentence desc¢igp.

The AAPT was assisted by LIGO/Caltech, the NSF Physics Froner Center for Gravitational
Wave Physics at Penn State, and the Syracuse University Depaent of Physics. Finally,
many thanks go out to the Organizing Committee for producinguch an excellent meeting:
Michelle Larson (Chair), James Hartle, Charles Holbrow, Oa Ingram, Richard Price, Peter
Saulson, John Thacker, and Stamatis Vokos. To learn more alitaresults from the workshop
go to http://www.aapt-doorway.org/TGRU.htm. Workshop po sters, slides from presenters’
talks, and workshop proceedings can all be found there.
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Ninth Capra Meeting on Radiation Reaction
Lior Burko, University of Alabama in Huntsville burko-at-uah.edu

The Capra series of meetings (named after the ranch in SoutheCalifornia|that Caltech
alumnus director Frank Capra bequeathed to his alma mater|the venue of the rst meeting
in 1998) are annual meetings on radiation reaction, that fas on the nite-mass corrections to
the motion of a small mass in the gravitational eld of a muchdrger mass, and on the emitted
gravitational waves. In addition to being an interesting fudamental problem in general
relativity, it is also a timely one, as some of the most promisg sources for low frequency
gravitational waves, that can be observed by space borne detors such as LISA, are the
waves emitted when a stellar mass compact object inspiralsto a supermassive black hole
at a galaxy's center. With a typical mass ratio of 10%{10 °, the description of these sources
and their waveforms are the main motivation for the Capra memgs. The Ninth Annual
Capra Meeting was hosted by the Center for Gravitation and Gamology of the University of
Wisconsin{Milawaukee from June 9 to 11, 2006 (and followedylthe now traditional \post
Capra Workshop" June 12 to 14), and organized by Warren Andson, John Friedman, Eirini
Messaritaki, and Alan Wiseman. Administrative support wagprovided by Steve Nelson. In
addition to the host Center, the meeting was supported nanelly by the Graduate School
at UWM and by the Center for Gravitational Wave Astronomy at the University of Texas at
Brownsville. The slides presented at the meeting are availke online at the meeting's website,
http://www.lIsc-group.phys.uwm.edu/capra9/ ). The author of this Summary, and surely
all the participants of this highly successful meeting, wdd like to thank the organizers, and
especially Eirini Messaritaki, for all the hard work they hae put in it.

Seventeen talks were presented. A number of talks were abowrious aspects of radiation
reaction for particle motion in the spacetime of a Kerr blackhole: Carlos Sopuerta (work
with Pablo Laguna at Penn State) discussed advances in nunl simulations of extreme
mass ratio inspirals, using nite element methods to handlespatial derivatives, and nite
di erences for the temporal derivatives. While in Schwarzild very good agreement (to
0:05%) with nite di erence methods is found [1], in Kerr grid density adaptability is still a
problem, that leads to accuracy problems.

One of the problems related to the so-called \gauge problems that the full and singular
parts of the gravitational eld of a particle are often written in di erent gauges. One way
to attack this problem is to nd instead the Weyl scalars, whch are gauge independent.
Notably, the reconstruction of the metric perturbations fom the Weyl scalars is problematic
when a source particle is present, because there are more gg@eonditions to satisfy than
gauge degrees of freedom. However, if one obtains the regatd Weyl scalars, then one has
a solution of the homogeneouginstein equation, and therefore one doesn't have the above
problem in reconstructing the metric perturbations. Then,the metric perturbations can be
found in any gauge, because the Weyl scalars are gauge independent. BeadrWhiting (work
with Larry Price at the University of Florida) reported on work in progress related to the
nding of the metric perturbations in Kerr by rst regulariz ing the Weyl scalars, speci cally
the jump conditions on the radiative modes of the Weyl scalar Whiting focused on circular
but non-equatorial orbits in Kerr. Using this method Whiting found the leading regularization
parameter \A", and work is in progress on nding the other parameters. JamFriedman (work
with Tobias Keidl and Alan Wiseman at UWM) addressed a closglrelated question, of how
to nd the regularized Weyl scalars using a special gauge th&é exploiting the separability
of the Teukolsky equation. Keidl (work with Friedman, Swapi Tripathi, and Wiseman at
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UWM) then applied this approach to a simple case of a static nsa point in the Schwarzschild
spacetime, and showed how to solve the Bardeen{Press eqaatifor 4. For the case of a
static electric charge in Schwarzschild, this method sucssfully reproduces the result of Smith
and Will [2].

Dong{Hoon Kim (AEI) discussed work in progress on a mode sunalculation of regular-
ization parameters in Kerr, speci cally for scalar eld sef force for generic orbits in Kerr.
Kim describes the singular eld in THZ normal coordinates [B and nds the regulariza-
tion parameters \A", \ B", and \ C". Katsuhiko Ganz (Kyoto University, work with Wataru
Hikida, Hiroyuki Nakano, and Takahiro Tanaka) addressed tl adiabatic evolution of orbits
in Kerr with large inclination angles, extending previous wrk in [4]. Ryuichi Fujita (work
with Hideyuki Tagoshi at Osaka University) discussed a new ethod to integrate the Teukol-
sky equation in the frequency domain, that is based on the MSTormalism [5], in which
one expands the homogeneous solutions in hypergeometrindiions near the horizon and in
Coulomb wave functions near spatial in nity, and matches tle solutions across an overlap
region. Fujita applied the method to inclined orbits in Kerrwith small eccentricity. For cases
where uxes are available from other methods, agreement td &ast 6 signi cant gures is
found. In Schwarzschild, agreement to 15 signi cant guresvas reported [6].

Other talks discussed issues related to a Schwarzschilddkdnole: Lior Burko (UAH) discussed
the evolution of quasi-circular orbits under a local self fae, including conservative e ects [7].
Nakano (Osaka University, work with Norichika Sago, Hikidaand Misao Sasaki) discussed
the solution of the metric perturbations in the Regge{Whed@r gauge, including a change to
the asymptotically- at gauge for the non-radiative modesand reported on a post Newtonian
expansion for the radial component of the self force for a gare in circular orbit. Hikida
(Kyoto University, work with Sanjay Jhingan, Nakano, SagoSasaki, and Tanaka) discussed
the change in the orbital parameters of a scalar charge's mot under a self force, and
obtained the latter in an expansion in the eccentricity. Hikda found that for small values
of the eccentricity, the conservative e ects on the phasesreasmall, and are not likely to
accumulate to . However, gravitational conservative self force e ects arexpected to be larger
than the scalar eld counterpart. Steve Detweiler (work wih lan Vega at the University of
Florida) discussed the gravitational self force e ects onepdesics in Schwarzschild, extending
previous work on the scalar eld counterpart [8]. Vega (workvith Detweiler) described work
in progress on second-order gravitational perturbationsug to a point particle, that is based
on replacing the point particle with a small black hole at theworld line.

Abraham Harte (Penn State) reported on work based on Dixon'‘formalism to evaluate self
forces on extended bodies, which was applied to electromatjsm in at spacetime [9]. Eric
Poisson (work with Roland Haas at the University of Guelph) dscribed a method for cal-
culation of regularized self forces based on a tetrad decoogition of the singular eld [10].
Instead of expanding a vector in vector harmonics, Poissorestribed its projection on an
orthonormal tetrad, followed by an expansion in scalar haronics. In a carefully chosen
\Cartesian" tetrad, only a nite number of coe cients are non-zero, which makes this for-
malism attractive. Haas described work in progress on theaar self force for eccentric orbits
in Schwarzschild based on a time domain calculation. Wisemgwork with Friedman, Keidl,
and Tripathi at UWM and Samuel Gralla at Yale University and the University of Chicago)
discussed the computation of the self force using a modi dan of the Quinn{Wald axioms,
using a method based on nding an exact mode sum that repredsrthe entire singular eld.
Carlos Lousto (UTB) reviewed the recent exciting advances inumerical relativity [11].
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