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Editorial

I wanted to remind people to sign up and keep current their membership in the Topical Group
in Gravitation. Our membership was oscillating around 600, and we need 1200 to become a
division. Please talk to your friends and colleagues in the area about joining.

The next newsletter is due February 1st. If everything goes well this newsletter should
be available in the gr-qc Los Alamos archives under number gr-qc/yymmnnn. To retrieve
it send email to gr-qc@xxx.lanl.gov (or gr-qc@babbage.sissa.it in Europe) with Subject: get
yymmnnn (numbers 2-8 are also available in gr-qc). All issues are available in the WWW:
http://vishnu.nirvana.phys.psu.edu/mog.html
A hardcopy of the newsletter is distributed free of charge to the members of the APS Topical
Group on Gravitation. It is considered a lack of etiquette to ask me to mail you hard copies
of the newsletter unless you have exhausted all your resources to get your copy otherwise.

If you have comments/questions/complaints about the newsletter email me. Have fun.

Jorge Pullin
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Does the GSL imply an entropy bound?

Warren G. Anderson, University of Wisconsin-Milwaukee
warren@ricci.phys.uwm.edu

Recently, a number of papers have appeared on the gr-qc preprint archive concerning en-
tropy bounds imposed on matter by the generalized second law of thermodynamics (GSL) for
spinning and charged black holes[1]. However, the question of whether the GSL implies the
existence of such bounds, even for the simple case of a Schwarzschild black hole, is still being
debated in the literature. This question, first raised by Bekenstein[2] almost 30 years ago,
arises from a gedankenexrperiment. The goal of this article is to review this experiment and
the key results which comprise our current understanding of whether or not the GSL implies
an entropy bound for matter.

Let us begin by recalling the GSL: any process involving matter with entropy Sy,atter €xterior
to a black hole of area A should satisfy dSuser + 05 > 0, where Spy = A/4 is the
Bekenstein-Hawking black hole entropy. The central premise of all the papers reviewed here
is that this law should be valid.

Now, consider a gedankenexperiment involving a black hole (area .A) and a box of proper
height b and cross-sectional area A. Far from the black hole, the box is filled with matter,
so that the total energy of the box and contents is E and its total entropy 5. The box is
then lowered adiabatically toward the black hole, so that its entropy S remains constant. Its
energy as measured by a distant static observer, E,, however, does not; the box is doing work
on the agent that is controlling the lowering process. This work is subtracted from the box
in the form of a redshift. When the box is a proper height £ above the horizon, the energy in
the box as measured at infinity is therefore E(£) = x(£)E, where x(¢) is the redshift factor.

Suppose that the box is lowered until it nearly touches the black hole. This is, of course,
physically impossible, since the box and/or rope will fail mechanically before this can happen.
However, for simplicity we consider this limiting case. In this limit the box is an average proper
distance ~ b from the horizon, and the energy of the box is Ex(b) =~ E b /7 /A. If the box is
then allowed to fall freely into the black hole, the entropy of exterior matter will be reduced
by 0Smaster = —S, but the entropy of the black hole will increase by §Spr = 2 Eu(b) VT A.
Putting these entropy changes into the GSL, one gets

S/E < 2rb. (1)

This inequality, originally derived by Bekenstein[2], seems to imply a new law of nature: that
any matter of energy E confined to a volume whose smallest dimension is b has a fundamental
upper bound on its entropy.

The derivation of this bound, however, depends on the box continuing to do work on the
lowering agent all the way to the horizon. If this is not the case, the bound might be modified,
or even removed. About a year after Bekenstein proposed bound (1), Unruh and Wald([3]
pointed out that quantum effects could indeed alter the work done by the box, and hence the
entropy bound.

The Unruh-Wald argument goes as follows: an adiabatic lowering process is quasi-static,
and can therefore be treated as a sequence of static (i.e., accelerating) boxes. Accelerating
observers see the quantum vacuum as a bath of thermal radiation, whose temperature is
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proportional to the acceleration. Since the bottom of the box is closer to the black hole than
the top, it must have a greater acceleration to remain static. Thus, the bottom of the box
is exposed to hotter radiation than the top, creating a net upward pressure. This pressure
gradient buoys the box against gravity, reducing the net work done by the box on the lowering
agent. In fact, since the acceleration (and hence temperature) diverges at the horizon, near
the horizon the lowering agent would have to do work on the box (push the box) in order to
lower it further. Thus, at some distance above the horizon, where the box stops doing work
and the lowering agent starts doing work, the box must float freely above the black hole. Just
as for Archimedes’ buoyancy, the box floats when its energy is equal to the energy of the
displaced fluid (i.e., acceleration radiation).

For a buoyant box, Unruh and Wald[3] showed that the box contributes the minimum entropy
to the black hole when dropped from the floating point. For macroscopic boxes, this point
is very close to the black hole[4], so we do not avoid the issue of mechanical instability, but
again let us consider the limiting case (floating box) since this will minimize the entropy gain
for the system. In this limit, the minimum change in black hole entropy is[3]

A b
0Spn = = / [p(lo, y) — par (Lo, ) x(lo + ¥)dy + Sar, (2)
bh 40

where Ty, is the Hawking temperature of the black hole, p and p,, are the energy densities of
the box and the acceleration radiation respectively, [y is the proper height of the bottom of
the box above the black hole at the floating point, and S,, is the entropy of the acceleration
radiation displace by the box.

Interpretation of Eq. (2) is not difficult. It simply states that the minimum change in black
hole energy (Spm Tyn) due to an adiabatically lowered box is the energy of the box at the
floating point (f pdV’) minus the work done by the box against the buoyancy force of the
acceleration radiation during lowering (T}, S, — Fq4r). This interpretation seems reasonable,
and until recently Eq. (2) has been accepted as correct in the literature (I will deal with a
recent exception a bit later in this article).

However, the conclusions that can be drawn from Eq. (2) regarding entropy bounds seem to
depend heavily on the nature of the acceleration radiation (i.e., on p,, and S,;). In particular,
the crucial assumption seems to be the following: since acceleration radiation is thermal, it
should have the maximum entropy density at any given energy density. If this is the case, it
has been shown that Eq. (2) implies the GSL without assuming a bound such as Eq. (1)[3,5,6]
(although Eq. (1) itself may follow from this assumption together with some other plausible
assumptions about the acceleration radiation[6]). Conversely, in those papers[2,4,7] where
this maximal entropy density assumption is not made, the GSL is shown to be violated unless
an entropy bound exists.

That the resolution of the entropy bound question rests on properties of acceleration radiation
is slightly troubling, because in some senses this radiation is not physical. For instance, even
though the vacuum expectation value of the stress-energy tensor for an electromagnetic field
in Minkowski space vanishes, accelerating observers see that vacuum as a thermal bath of
photons. However, these photons clearly carry no energy or momentum on average. One
must therefore be careful as to the properties one requires of acceleration radiation.

Recently, Bekenstein|[8] has placed even more emphasis on the nature of acceleration radiation.
He has pointed out that since the temperature far from the black hole is low, the average
wavelength of the radiation can be longer than the height of the box. Therefore, he argues,
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the acceleration radiation will not behave like a fluid there; rather, one should treat the
interaction of the radiation with the box as a scattering process. This can significantly reduce
the buoyancy, causing Eq. (2) to be modified. He then finds that an entropy bound of the
form (1) is necessary to preserve the GSL, even if the acceleration radiation is assumed to be
maximally entropic.

If it is troubling to invoke the properties of acceleration radiation in resolving questions about
this gedankenezperiment, one might ask how such questions can be resolved in an observer
independent way. Such a resolution was originally provided by Unruh and Wald[3], and
somewhat elucidated later[9], although it has not played a part in the recent literature. The
resolution lies in the fact that accelerating surfaces emit quantum fluxes. These fluxes can
have negative energy, and it is just such a flux that is created inside the box due to its
accelerating walls. As the box is lowered the energy in the box decreases, since the negative
energy deposited in the box by the quantum flux is added to the energy density of the box
itself. This negative energy is just what one would have to add to the acceleration radiation
in order that an initially empty box, lowered adiabatically toward the black hole, should
continue to look empty to an observer accelerating with the box. In other words, it preserves
the adiabatic vacuum (Boulware) state inside the box. In this picture, the box floats because
the negative energy of the accelerating vacuum inside the box cancels the positive energy of
the box itself.

Most interestingly, Eq. (2) can be derived by the quantum flux analysis as well. One might
suspect, therefore, that this analysis needs to be modified so as not to be at odds with
Bekenstein’s calculation of the the scattering of acceleration radiation at low temperatures[8].
A natural modification which might be analogous to the scattering process would be the
exclusion of long wavelength components of the flux due to the scale set by the size of the box.
However, at least in two-dimensional examples, it can been shown that Eq. (2) follows from an
exact analysis, regardless of any exclusion of long wavelength components[3]. The question
of understanding Bekenstein’s modification to (2) without invoking acceleration radiation
therefore seems to be open. It is open questions such as this that will need to be resolved
before we can truly understand whether or not the generalized second law of thermodynamics
implies an entropy bound.
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A lightweight review of middleweight black holes

Ben Bromley, University of Utah
bromley@physics.utah.edu

The observed distribution of black hole masses has a well-known gap. On the one hand we
have “black hole candidates” in our own Galaxy with inferred masses between 3 and 10 Mg,
and on the other, there are supermassive black holes which lie in the centers of many, if not
most, galaxies with mass in the range of 10% to 10° My. The mass gap would be filled by
“middleweights” of a thousand Mg, give or take a couple of orders of magnitude.

There are several reasonable ways to form middleweight black holes, including merging of
solar-mass black holes in star clusters (Lee 1995), or even more directly from gravitational
collapse of density fluctuations in the primordial ooze (Haiman, Thoul & Loeb 1996), although
these mechanisms can be suppressed to some degree by supernova-driven ejection of matter.
Yet until recently, there was virtually no evidence for the existence of middleweights. This
might just be a selection effect: We find black hole candidates in X-ray binary systems because
they are local and have a steady source of luminous matter flowing from a companion star.
Supermassive holes, the central engines in active galactic nuclei, are observed because they
are very bright, feeding off of the gas-rich environments in the centers of galaxies. In contrast,
it is unclear what, if any, reservoirs of luminous matter might surround middleweights.

Within the past year, the observational situation changed dramatically. Two groups, Ptak &
Griffiths (1999) and Colbert & Mushotzky (1999), reported data which suggest the presence
of middleweight black holes in nearby galaxies. Ptak & Griffith used the ASCA satellite to
measure the hard X-ray spectrum of the starburst galaxy M82. A compact X-ray source
detected in the central region of the galaxy has a luminosity which is two orders of magnitude
larger than the brightest black hole candidate, and two orders of magnitude dimmer than a
typical active galactic nucleus. Assuming that the accretion flow onto the source is at the
Eddington limit, the observed luminosity corresponds to a mass of 460 M.

The Eddington limit does rule out solar-mass black holes, however, it is plausible that the
X-ray source is just an unusually dim active galactic nucleus harboring a supermassive hole.
Future high angular resolution observations of soft X-rays from an accretion disk around
this source (by the Chandra X-ray Observatory, for example) might help distinguish a mid-
dleweight from an “ordinary” supermassive hole.

Colbert & Mushotzky used a combination of ROSAT X-ray imaging data and ASCA spec-
troscopy to examine X-ray sources in 21 nearby galaxies. They determined that a half dozen
or so objects in the sample show X-ray emission from compact sources well away from the
photometric center of their host galaxies. This adds some spice into the mix since some of
these sources also have high luminosities and hence high Eddington masses. A suggestion
that these sources are just unusually quiescent active galactic nuclei is significant, since it
would be interesting to observe nuclear activity well outside the galactic nucleus.

Of the 21 objects in the sample, ASCA yielded hard X-ray spectra from three spiral galaxies
and three ellipticals. The X-ray sources in the ellipticals are all coincident with the photomet-
ric centers (within positional errors). While their spectra show features similar to Galactic
X-ray binaries, the luminosities are more than an order of magnitude higher, suggesting at
least middleweight black holes. However, low-luminosity active galactic nuclei should not be
ruled out. In two of the three ellipticals, Hubble Space Telescope observations of circumnu-
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clear disks indicate the presence of supermassive black holes of more than 10® M. We may
not be able to say much, it seems, from the X-ray flux alone.

The spirals discussed by Colbert & Mushotzky perhaps make for better candidates as hosts
of middleweight black holes. Two of them, NCG 1313 and NGC 5408, have an extranuclear
X-ray source that is roughly a kiloparsec away from the photometric center of the galaxy.
These objects have X-ray fluxes which are also about an order of magnitude greater than
expected from known X-ray binaries containing a black hole candidate. The lack of any other
evidence for behavior typical of active galactic nuclei, plus the dynamical awkwardness of
placing a supermassive black hole in the suburbs of otherwise normal galaxies lends some
credence to the idea that the sources are middleweights.

What could be wrong with the middleweight interpretation? The Eddington luminosities
suggest mass limits of roughly 10 Mg, hence the sources might only be pushing the boundary
of what we now consider normal black hole candidates of stellar origin (e.g., Fryer 1999).
Other possibilities include superluminous sources from which Eddington limits are not useful,
and X-ray supernovae which can remain at constant brightness for periods of years. However,
sub-Eddington accretion onto a middleweight is reasonable, and with luminosities at a percent
or even a tenth of the Eddington limit, the mass of the black holes in NCG 1313 and NGC 5408
becomes interesting.

A middleweight black hole sounds at first like a gift from the heavens for the earth based grav-
ity wave detectors. The frequency of peak sensitivity for these detectors corresponds to strong
field processes for holes of a hundred or so M, (Flanagan & Hughes 1998). But middleweights
need more than mere existence to be the most fascinating objects in the gravitational night
sky. The middleweights must also take part in some process that generates strong waves. The
inspiral and plunge of a stellar mass compact object (hole or neutron star) would produce
waves of the right frequency, but relatively low amplitude. What would be ideal would be
the merger of two middleweights, perhaps as a step toward the formation of a supermassive
hole. Whether this is a plausible astrophysical scenario, or a gift that the heavens won’t de-
liver, depends on what sort of processes produce the middleweights, and what astrophysical
neighborhoods they inhabit. These questions will be studied in the coming year, but near
term answers are likely to be very speculative.
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The physics of isolated horizons

Daniel Sudarsky, ICN-UNAM, Mexico
sudarsky@nuclecu.unam.mx

In the last couple of years there has been substantial progress in various paths toward the
elucidation of the deep relationship that emerges in the study of the classical dynamics of black
holes, the behavior of quantum fields in background black hole spacetimes, and the ordinary
laws of thermodynamics. One of the most successful is the String Theory program which
has produced a detailed evaluation of the statistical mechanical entropy of some extremal and
near extremal stationary black holes, through the relation of these objects with a certain class
of states in the weak gravity sector of the theory. This last feature is what makes the approach
somehow unsatisfying to some researchers approaching the question from the gravity point of
view, who would like to know, for example, where do the degrees of freedom that account for
the black hole entropy reside? i.e., the horizon’s surface? its exterior? its interior?.

The second program that has met recently with substantial success is the nonperturbative
quantum geometry program also known as "loop quantum gravity” [1].The first step has been
to both, generalize and properly define the sector of the theory that is going to be treated.
In doing so, Ashtekar and his colleagues [3][4], were guided by the need to start with a well
defined action that would be differentiable in the sector under consideration. This leads to the
specialization of the notion of Trapping Horizons [2] of Hayward’s to that of Isolated Horizons
[3] . Physically the idea is to represent "horizons in internal equilibrium and decoupled from
what is outside”. Essentially, an isolated horizon is defined to be a null 3 surface A, with
topology S? x R, with nonexpanding null tangent vector field [* which is also a Killing field
for the induced metric on A, foliated by a preferred set of 2-spheres {S} that are marginally
trapped, and such that the induced metric on each S is spherically symmetric. The definition
includes also the requirement that the horizon be nonrotating which demands among other
things that the second null vector field that is normal to the 2-surfaces S of the isolated
horizon n®, be shear free and have a spherically symmetric expansion. Moreover, in defining
the class of spacetimes containing isolated horizons one requires that the field equations be
satisfied on the horizon, (not so elsewhere in the spacetime).

Here, we must point out that the spacetimes themselves are not assumed to have any Killing
field, not even in a neighborhood of the horizon, and as such the class is extremely large,
in contrast, say, with the 3 parameter class of stationary black hole solutions of Einstein
Maxwell theory, as they include for example black hole spacetimes with nonstationary matter
or gravitational waves in the exterior (in these cases the horizon will be isolated for as long
as those nonstationary components have not crossed the horizon). Moreover, given that the
definition of isolated horizon is semilocal and does not rely, for example, in the existence of
asymptotic null infinity, the class of spacetimes containing isolated horizons is not limited to
the asymptotically flat case and includes for example cosmological examples such as de Sitter
spacetime. The crucial point of the definition is that it is possible to add a surface term to
the usual bulk action of general relativity, possibly coupled with suitable matter fields like
Maxwell and scalar fields such that the action is differentiable within the corresponding class
of spacetimes. This is analogous to the usual addition of a surface term to the bulk action
of general relativity on manifolds with boundary formulated in terms of the spacetime metric
in such a way that it becomes differentiable on the class of spacetimes with a fixed value of
the metric on the manifold boundary. This is a very important, and nontrivial point for the



quantization program, because one needs to start with a classical action and configuration
space from which one can extract not only the equations of motion but also the symplectic
form. This can be achieved through a well defined procedure, once such a differentiable
action is provided [5]. The surface term that must be added when the spacetimes under
consideration are taken to have an isolated horizon as one of its boundaries and when the
gravitational variables are taken to be the soldering form and the spin connection, turns out
to be the Chern Simons action for a U(1) connection on A. The term itself depends on the
value of the horizon area, thus the action is appropriate for a class of spacetimes with fixed
horizon area A.

Obviously, if the class of spacetimes under consideration allows other boundaries, one must
add the corresponding surface terms to ensure differentiability of the action within the class.
The fact that such a differentiable action exists seems to depend completely on the choice of
the physical boundary conditions and not so much on the choice of variables, as long as the
action is a first order action as in the Palatini formulation.

Equipped with the above structure the procedure to get a Hamiltonian Formulation is straight
forward, i.e., consider a foliation of spacetime (which is assumed to have the topology X x R),
introduce lapse and shift and identify the canonical variables, which in this case include,
in addition to the ordinary Hamiltonian variables of bulk gravitational sector and possibly
the matter fields, the projection of the U(1) connection on the intersection on the isolated
horizon with the hypersurface 3. Thus one has an adequate formulation corresponding to a
phase space I' 4 associated with configurations with a fixed value A for the area of the isolated
horizon.

The stage is set to look at the ”thermodynamics” of these isolated horizons. The first step is
to define a notion of surface gravity which at first sight seems to be straight forward given the
existence of a null Killing field for the metric of the isolated horizon, however one immediately
faces the problem of choice of normalization for this vector field. In the case of stationary black
holes, this task is accomplished through the normalization of the Killing fields at asymptotic
infinity, and thus, the same strategy is unavailable in the isolated horizon case, because no
such Killing field is in general available for the whole spacetime (in general, there is not
even an asymptotically flat boundary). The problem is solved by fixing the expansion n®
to coincide with the value it takes in Reissner Nordstrom, and then fixing the normalization
of I* by l°n, = —1. It is noteworthy fact that such a simple recipe exists which results in
the correct value for the surface gravity of the static black holes in Einstein Maxwell Dilaton
Theory.

Not so surprisingly, given the high degree of symmetry of the horizon itself, the surface
gravity thus defined turns out to be constant on the isolated horizon. Therefore, the zeroth
law of ”"thermodynamics” of isolated horizons holds. Nevertheless, we must note that the
identification of the surface gravity of general isolated horizons with a physical temperature
is not clear since there is so far no analog to the analysis that established the phenomena of
Hawking radiation.

The next step is to define a notion of mass associated with the isolated horizon, which given
the general absence of an asymptotically flat boundary can not be taken to be the ADM mass,
and, moreover, even when there is such a boundary the fact that there is general matter and
gravitational waves in the exterior spacetime the ADM mass would depend on those fields
and not only on the isolated horizon itself. Notably the answer lies in the construction



of an appropriate hamiltonian, i.e. one that would give the correct equations of motion
upon considerations of arbitrary variations within the phase space (i.e. variations that not
necessarily vanished at the boundaries and, in particular, at the isolated horizon). Moreover,
it will be necessary to consider a new phase space I'' constructed by taking the union of the
phase spaces of isolated horizons for all possible values of the horizon area. This requires
the addition of a surface term associated with the isolated horizon boundary, and a choice
of lapse and shift corresponding to 1/a at the isolated horizon boundary, that is completely
analogous to the usual addition of the ADM mass term in association with asymptotically flat
boundaries and evolution with a choice of lapse and shift that correspond to a time translation
at infinity. The fact that such a boundary term making the Hamiltonian differentiable exists
is highly nontrivial, in particular, no such term is known to exist in the case of general internal
boundaries with general choices of lapse and shift. This boundary term in the Hamiltonian is
naturally identified with the mass of the isolated horizon and coincides with the ADM mass
in the case of static black holes in Einstein Maxwel Dilaton theory.

One is then in the position of considering the first law of thermodynamics of Isolated Horizons.
A straight forward calculation yields

OMa = 8£6A + workterms
T

Thus establishing the validity of the first law. We note that the physical process version of
the first law is not fully satisfactory because, strictly speaking, the intermediate stages of the
process need not contain isolated horizons, and, therefore, do not correspond to points in I"
Related concerns can be raised about the usual analysis, as well. We note, for example, that
through a physical process the ADM mass can not change, so, in this last respect, the Isolated
Horizon approach seems more satisfactory.

There is, at present, no analog to the second law for isolated horizons. This is due in part
to a problem similar to that mentioned above, namely the fact that in the definition of the
notion of isolated horizons one leaves no room for a situation in which the area of the horizon
changes. Furthermore, in this case the problem can not be sidestepped even through an
approximation because the second law is supposed to have a validity that goes quite beyond
the quasistationary regime.

Finally, the program turns out to be very successful in evaluating the statistical mechanical
value of the entropy of an isolated horizon. This part starts with the quantization of the
appropriate sector, namely the theory associated with the phase space with the standard
Ashtekar bulk variables on an hypersurface ¥ with boundary S corresponding to the isolated
horizon, together with the U(1) connection of the Chern Simons theory on the boundary.
The theory is as usual, subject to the constraints which in this case involve the not only the
Hamiltonian, diffeomorphism and Gauss constraints, but an additional one, inherited from
the conditions defining the isolated horizon, that links the behavior on the U(1) connection on
S with that of the soldering form in the bulk, evaluated at S. Having constructed the quantum
version of the sector of isolated horizons one looks at the states corresponding to eigenvalues
of the area operator for the boundary S (the area of the isolated horizon) lying within the
range A — [% and A + [%. Then, one takes the maximal entropy density matrix made out
of these states, namely the equally weighed totally uncorrelated density matrix constructed
from these states, and construct the density matrix describing the horizon degrees of freedom
by tracing over the bulk degrees of freedom. Then, the evaluation of the entropy through the
standard formula —irplnp yields, in the case of a large enough horizon area, the result to
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lowest order is
In2

- 4%\/5[%7

Thus, by selecting the value v = In2/(m+/3) for the Immirzi parameter v, (which amounts
to selecting one among a continuous choice of unitarily unequivalent quantum theories cor-
responding to the same classical theory), the standard result S = A/4[% is obtained. It is
worth to point out that this choice can be made only once, and that the number of different
situations that must be accounted by such a choice is infinite so it is a highly nontrivial fact
that such a choice exits. For example, it is conceivable that say the choice needed in the
case of Reissner Nordstrom black holes would have been different than the choice needed for
Schwarzschild black holes.

The program has therefore met with tremendous success so far, and the task of generalizing
the setting to account also for rotating black holes is currently under way. More into the
future, there is the hope of eventually treating fully dynamical horizons, and of replacing the
effective analysis described above with a more fundamental one, in which, starting with the
full quantum theory one could single out the appropriate sector of states and carry out the
appropriate counting for the evaluation from first principles of the horizon entropy. We look
forward to these and other developments resulting from this exciting program, as well as for
new insights from other sources, in the hope that eventually we would be in a position to
treat even more vexing questions such as those related to the ultimate fate of an evaporating
black hole and the issue of information loss.

S
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LIGO project update

Stan Whitcomb, Caltech
stan@ligo.caltech.edu

Work on the Laser Interferometer Gravitational-wave Observatory (LIGO) continues to progress
smoothly. The bake out of the beamtubes at the Hanford site was concluded in May, com-
pleting the facilities and infrastructure work there. The bakeout equipment have now been
shipped to the Livingston site, and the bakeout of the first beamtube module should start
within weeks.

The main activities have now shifted to detector installation at both sites. At Hanford, the
seismic isolation installation for the first interferometer is nearly complete, and over half of
the optics have been installed in the vacuum chambers. The prestabilized laser has been
installed and under test for several months. A major current focus is locking the laser to the
mode cleaner, the first step in integrating and commisioning the first detector. At Livingston,
the first installations are the seismic isolation system and the prestabilized laser; both are
well underway.

At the most recent meeting of the LIGO Scientific Collaoration, held at Stanford in July, the
main focus was initial discussion and planning for a improved detectors to replace the current
ones starting in 2005. Although there is significant R&D to completely define these detectors,
it is clear that significant sensitivity improvements are possible.

Progress on LIGO (including pictures of the installation activities) can be followed in our
(nearly) monthly newsletters accessible through our website (http//:www.ligo.caltech.edu).
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Worskhop on initial value for binary black holes

Carlos Lousto, Albert Einstein Institute, Golm, Germany
lousto@aei-potsdam.mpg.de

The first (initial) workshop on initial data for binary black holes took place at the new
location of the AEIL: Golm, June 7-9 1999. It was extremely successful regarding the very
high level of attendance and participation. Copies of the related papers (when available)
prior to the meeting have been distributed as “precedings”, and a certain flexibility in the
schedule provided a fertile atmosphere for numerous questions and discussion.

The first day emphasized studies within the conformally flat ansatz for the 3-geometry. G.
Cook presented a comprehensive review of the classical results and introduced new develop-
ments like the “thin sandwich approach” recently proposed by York[l]. He noted how this
approach turns out to naturally include the approximations used by Mathews and Wilson and
the “convective” one used by Lousto and Price in the particle limit. Cook also emphasized the
need to move beyond the conformally flat ansatz and Bowen-York solutions of the momentum
constraints in the quest to find more astrophysically realistic initial data. He also expressed
interest in using the “lambda” systems described by Brodbeck, Frittelli, Hiibner, and Reula
for enforcing the constraints during numerical evolutions.

B. Briigmann presented the black hole punctures approach to initial data based on Ref. [2].
Here the wormhole topology of black hole data is compactified to R3, which leads to an
existence and uniqueness proof and facilitates numerical studies.

C. Lousto described work with R. Price to test the Bowen-York initial data in the black
hole plus a particle system, which can be treated perturbatively. The conclusion is that the
“longitudinal” ansatz for the extrinsic curvature seems not to be a good representation of an
astrophysically realistic scenario [3]. It was noted the interest on extending these studies from
headon to generic orbits.

R. Beig described a formulation of the momentum constraints where quantities such as ADM
linear and angular momentum are encoded by specific source terms in these equations con-
centrated at the punctures arising from conformally compactifying spatial infinity. He showed
a way of writing down, in the conformally flat case, solutions for these inhomogeneous equa-
tions which are of the ” Bowen-York”- type. One can then find the general solution, since the
methods of Ref. [4] enable one to write down the general ”unpunctured” TT-tensor.

The second day of the workshop started with an excellent review of the close limit approach
to the final merger stage of two black holes by J. Pullin. He also discussed the last results on
perturbations of black holes with angular momentum [5].

E. Seidel gave a comprehensive overview of the projects carried out in the numerical group
at AEI He described the results obtained by evolving (with the CACTUS code) black hole
plus brill wave and pure brill wave data. For this latter data it is possible to follow either the
scattering of waves leaving back flat spacetime or their collapse to form a black hole and then
to obtain the corresponding quasinormal ringing.

M. Campanelli introduced the “Lazarus project” that proposes to marry full numerical tech-
niques to describe well detached black holes with perturbative techniques to continue the
evolution once a common horizon encompasses the binary system. The matching is per-
formed by constructing the Weyl scalars on the perturbative slice [6], and evolve them using
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the Teukolsky equation.

C. Lousto then described the evolution of “exact” Misner data for two initially at rest black
holes via the Zerilli and the Teukolsky equations. The results show that while the evolution
with the Zerilli equation suffers a premature break down, the evolution with the Teukolsky
equation is robust and generates results close to the linear initial data [7]. It Remains open
the question whether this behavior also holds for non headon collisions.

R. Price neatly described his solution to the constraints representing two Kerr black holes in
an axially symmetric configuration. He used the black hole plus brill wave form of the metric
and superposed exact “Kerr” solutions to the momentum constraint. When one imposes this
family of solutions, parametrized by the separations of the holes, to have a close Kerr limit, a
“pin pole” between the holes appears [8]. Whether this is a generic feature or a consequence
of the restrictive ansatz remains an open question.

W. Krivan showed the results of the evolution of the above initial data in the close limit
regime where the “pin pole” is safely enclosed by the common horizon [9].

J. Baker discussed a similar approach to the problem, but he assumes the superposition of
the holes at the level of the 3-metric and then solves for the extrinsic curvature [10]. Again,
the requirement of the holes being kerr-like both when well separated and when close together
generates unpleasant features such as discontinuities in the extrinsic curvature.

N. Bishop carefully described the Kerr-Schild ansatz to the initial value problem [11]. This
is a quite original approach and has interesting potentialities. One needs still to identify the
physical parameters and give explicit solutions for rotating black holes. He also mentioned
the related Matzner et al work where two Kerr black holes are explicitly superimposed.

J. Thornburg [12] presented numerical initial data on an Eddington-Finkelstein slice of the
spacetime with nonvanishing K. He stressed the benefits of working with 4th order evolution
codes.

H. Shinkai exposed his work on how the post-Newtonian expansion can be used to give initial
data for a further general relativistic evolution [13]. He applied this approach to binary
neutron stars and measured the precision of several PN orders using as a criteria the violation
of the Hamiltonian constraint. For the first and second PN expansion he gets around 60%
and 45% errors respectively.

G. Nagy discussed about the differentiability of the Cauchy data by studying the constraints
in the case of incompressible models of neutron stars. He proved rigorously its C' behavior
at the boundary. Extension to more realistic equations of state is being undertaken.

P. Hiibner presented a review of the conformal approach to GR and highlighted the stable
numerical implementation of his evolution code (4th order) due to the explicit first order sym-
metric hyperbolic formulation [14]. Work is in progress on the question of giving astrophysical
initial data and including matter sources.

On Thursday 10th we had two round tables on further work on initial data and other works
on subjects related to gravitational radiation. This was planned to finish by 1 p.m. but given
the interest of the participants it was extended to the whole afternoon with discussion of new
ideas and even some computations!

Details and the full workshop program can be found in
http://www.aei-potsdam.mpg.de/ “lousto/ WID99.html.
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