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This report covers the period of October 15, 1995 to Octobetude of these oscillations, observations of these oscillations

14, 1996. should be possible with RXTERossi X-ray Timing Ex-
ploren.
1. STAFE In a separate study, Milsom and Taam have performed

radiation hydrodynamic simulations of two-dimensional op-
tically thick black hole accretion disks under conditions of
varying mass accretion rate and kinematic viscosity. Specifi-
g lly, the effects of inertial acoustic oscillations and convec-
tion on disk structure and observable properties have been
studied. It is found that global oscillations with rms ampli-
tudes of about 0.3% can be present at the maximum epicyclic
frequency in the disk. These oscillations are favored for low
accretion rates and large viscosities. Local oscillations at the
local epicyclic frequencies are always present with rms am-
plitudes of about 0.2%. These oscillations yield power spec-
tra with spectral slopes of 0.98 and—1.33. Qualitatively
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lumbia Univ). Debora_h Brown continues as a f_uII-tlme lec- similar behavior is found for disks described by an alpha law
turer. Professor Emeritus Wm. Buscombe continues to worl6

on his star catalog. Graduate students are Anne Collins, Hy r @ constant viscosity. Oscillations may be present for a
' ' ' Jrestricted range of parameters for any viscosity law in which
ong Lee, Tom Renbarger, and John Watson. Robert Hood g b y y

K the G Ray Ob ‘ the shear viscosity increases upon compression, and they
a pro?ralmmer .;/;/]or mgton Ceth a_lmmF::\ ”ay Ms?r_\llla OF[ ay be detectable with the RXTE. It is also found that for
project along with secretary L.atherine Fruflage. Vielvilie 'sufficiently high mass accretion rates, convection dominates

Ulmer cgn[t)lnu%sGasz:rictck)‘r. Sclog tGrtoismatr:, .Jalmgs ;relﬁhe transfer of energy in the disk. The convection cells gen-
man, and Lavid L5rabelsky have [€ft to take Jobs in indus ry'erally stretch from the midplane to the disk surface at lower

The University has approved plans to refurbish and up- : : :
t t hile th Il length
grade the 18-inch reflector in Dearborn Observatory. RefurEiCCre ion rates whre e Cells appear on varying ‘eng

: . : . ) ﬁcales at high accretion rates.
bishment is planned to take place in earnest in the spring o In collaboration with M. A. AbramowiczGoteborg Uni-
1997. -

versity), I. V. IgumenschcheyGoteborg University, and X.
Chen(NU), Taam has studied the morphology of adiabatic
2. RESEARCH accretion flows with small non-zero specific angular momen-
tum in the axisymmetric and nonviscous limit. For an initial
state characterized by a Bondi flow with the specific angular
With graduate student J. A. Milsom, R. Taam has studiednomentum distributed with respect to polar angle, a travel-
the time dependent evolution of inertial acoustic waves in théng shock wave forms which propagates more rapidly in the
inner region of the disk surrounding black holes. The verti-equatorial plane than in the plane perpendicular to it, result-
cally integrated solutions reveal qualitatively distinct behav-ing in the formation of a hot torus. In cases where the in-
ior in three regimes. In particular, for sufficiently high masscoming flow is restricted to lie near the equatorial plane, a
accretion rates the disk is stable to inertial acoustic oscillastrong wind forms directed away from this plane with the
tions; at intermediate rates a global oscillation occurs at théendency for the formation of a nonsteady shock structure.
maximum epicyclic frequency, and local oscillations at theAs the height of the incoming flow is increased, it is found
local epicyclic frequencies are also present. At low accretiorthat the resultant wind weakens. The parameter regime char-
rates the disk exhibits local oscillations at all radii with no acterized by a traveling shock and a nearly standing shock
global oscillation. The disk luminosity power spectra arestructure is delineated.
characterized by power law slopes of betweet.95 and
-0.8 yvith the flattest speqtra corresp.ondi.ng to _the. Iowes&l2 Accretion Flows
accretion rates. In each regime the luminosity oscillation am-
plitudes are largest for large viscositi@sns variations al- G. S. Miller's research is primarily concerned with com-
ways about 1%and the oscillations vanish if the viscosity is pact objects — neutron stars, black holes, and white dwarfs.
sufficiently small. Constant viscosity models and alpha vis-Although it has long been known that many cosmic X-ray
cosity models were used and these yield qualitatively similasources are binary systems, and that the X-rays are produced
results. The locations of the transitions between these threghen gas from a companion star is accreted by a neutron star
regimes in terms of the Eddington accretion rate are approxier black hole, the structure of the accretion flow and the
mately independent of the mass of the black hole. Unlesmechanisms by which the gravitational potential energy of
disk coronae or multi-dimensional effects reduce the amplithe inflowing gas is converted to radiation remain understood

2.1 Accretion Disks
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only in broad outline. Part of this work has been devoted tagas descends more slowly. It is possible that at accretion
comparing models for the production of X-ray spectra inrates so high that the system exceeds the Eddington limit,
accreting systems with flow models arrived at through studthese modes develop non-linearly into radiation-driven out-
ies of X-ray variability(Psaltis, Lamb, & Miller 199% Other  flows.
research has included a study of the disk/magnetosphere in- In the second project, G. S. Miller and S. A. Grossman are
teraction in the bursting X-ray pulsar GRO J17428, based investigating the dynamical behavior of radiation-driven
on observations of the variations of its pulse profile duringwinds, specifically winds that arise when Compton scattering
X-ray outburstgMiller 1996). transfers momentum from the radiation field to the gas. Such
New observations offer an opportunity to substantiallywinds occur during strong X-ray bursts from slowly accret-
deepen our understanding of accreting systems, and hai@g neutron stars, and also may be driven from the inner
created a pressing need for theoretical investigations of tenfegions of a black hole or neutron star accretion disk when
poral variability in accretion flows. The RXTE satellite is a the mass transfer rate is very high. By linearizing the dy-
new and powerful tool that is revolutionizing studies of rapid hamical radiation hydrodynamic equations around solutions
X-ray variability. Its large proportional counter enables it to for steady spherical outflow, we evaluate the response of
collect and record X-ray photons at unprecedentedly higﬁadiation-driven winds to perturbations introduced at their
rates, so that it can be used to study variations at higheifmer boundaries. We find that the winds exhibit resonances
frequencies and in greater detail than ever before. The brighthat should produce quasiperiodic oscillations in their radia-
est X-ray sources provide the best data, and so it is natural {0 output. The resonances are associated with internal
direct theoretical efforts toward modeling the most rapidlyWaves(entropy perturbations in the flopthere appear to be
accreting galactic X-ray binaries, which include the brightes© résonances associated solely with sound wésestropic
objects in the X-ray sky. The gas flows in these rapidly acpert'urb.atlon}s These resonances may cause the photospheric
creting systems are influenced not only by the tremendou@Scillations observed in some strong Type | X-ray bursts.
gravity of the accreting neutron star or black hole, but also
by the great force applied to the gas by the escaping radig2-3 Binary Evolution

tion. These systems have luminosities close to or exceeding \yiih postdoctoral fellow J. TermafNU), Taam is inves-
the Eddington critical luminosity, the Iuminosity at which tigating the common envelope phase of binary evolution for
radiation forces can counterbalance gravity. the formation of cataclysmic variable systems using the
Two projects nearing completion are devoted to the studygmoothed particle hydrodynami¢SPH method. From a
of the structure and natural modes of variability of radiation-n mber of detailed numerical simulations in three dimen-
dominated(near-critical astrophysical flows. In the first, G. sions, it has been found that the ejection of the common
S. Miller and M.-G. Park are examining time-dependent.enyelope is favorable for binary systems consisting of red
three-dimensional perturbations of accretion by a neutroljiants of large radii and massive companions. As a major
star close to its Eddington limit. Their treatment assumes &onclusion, it was shown that the survival of the system as a
Schwarzschild geometry for the spacetime outside the netetached post common envelope binary is sensitive to the
tron star and is fully general relativistic. At all the accretion strycture of the red giant star. In particular, a long period
rates studied, feedback between the production of radiatiorgreater than about 0.3 )ysystem can be transformed into a
and the supply of gas by the flow to the radiation producingshort period systertiess than about 1 daprovided that the
regions promotes the existence of weakly damped globatommon envelope exhibits a flat mass-radius profile and that
modes, each of which is associated with a characteristic osufficient orbital energy is released to unbind the envelope.
cillation about steady flow. This confirms results they hadThe orbital separation of these systems as they emerge from
obtained for Newtonian flowgMiller & Park 1999. The  the spiral-in phase is estimated, and it is found that the or-
feedback mechanism is very general, implying that radiatiomital separations increase with the core mass of the progeni-
hydrodynamic oscillations may be a universal feature of raptor red giant star. Work is in progress with postdoctoral fel-
idly accreting systems. The oscillatory modes are accompdow X. Chen(NU) to study the details of the termination of
nied by characteristic variations in the radiation output of thethe common envelope phase. Since the SPH method is inad-
accretion flow. These variations strongly resemble the QPQ@quate for resolving the structure where sharp density gradi-
found in low-mass X-ray binaries when they are on theirents exist above the red giant core, a three-dimensional hy-
normal and flaring spectral branches, suggesting that radiatrodynamics code which includes nested subgrids to resolve
tion hydrodynamic modes may already have been observeghe inner region of the double core is used.
A new result is that at sufficiently high luminosities, the  With postdoctoral fellow J. Terman and undergraduate
flows become unstable to nonradi@spherical perturba-  student Craig Savage, Taam is studying the origin of low
tions. These non-oscillatory unstable modes are not a conserass X-ray binary systems from the helium star - main se-
qguence of general relativity; the earlier study failed to findquence binary remnants of a common envelope phase. Using
them because it was designed only to find oscillatory modes statistical Monte Carlo approach, the evolution of an initial
The non-oscillatory modes are associated with a conveddistribution of zero age binaries is followed from the main
tively unstable layer in the accretion flow at moderate opticakequence through a phase of common envelope evolution
depths. They allow accretion to occur preferentially throughand subsequent supernova explosion of the helium star. The
more rapidly descending columns of gas, while the radiatioresultant population of low mass main sequence stars with a
produced escapes through neighboring columns in which theeutron star companion has been studied as a function of the
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kick velocity associated with the possible asymmetry of therameters(i.e., the Hubble constant and deceleration param-
supernova explosion, the efficiency of mass ejection duringtep and the spectrum of neutron star or black hole masses.
the common envelope phase, the minimum mass for evolu-

tion to a neutron star, and the mass distribution of the sec-

ondary components in the system. As a major result, the low.6 Galactic Center

mass X-ray binary population cannot be reproduced without ) .
y binary popu'ati produ ot A new and powerful probe to find evidence of shock ac-

a velocity kick in the supernova explosion. Specifically, for . . . .

an average kick velocity of about 450 km/s, as inferred fron{l'_\;:ty wgs recedntly dlscusszq tt.)y tF;a;'léoG&sHs %ﬁ'%ﬂj@%- i

the radio pulsar distribution, birthrates ranging from €y observed numerous distine z Maser Spots

~3% 1075 to 10°5 yr* are indicated for efficiencies of the along _the interface between the supernova remnant W28 and

mass ejection process during the common envelope phase ap adjgcent molecular_c_loud. They_suggest that the masers
gre being pumped collisionally behind the shock whege H

0.25 to 1. Work is in progress to extend these studies t lecul ith densit dt ¢ limited to 10
investigate the constraints placed on the binary evolutior&no ecules wi ensities and temperatures fimited 1o

- - , —10° cm 2 and 25-200 K cause population inversion in
from the observed properties of high mass X-ray binary sys- . .
tems prop 9 y y sy the OH moleculegElitzur 1979. More recent cross section

calculations show a significant difference between para and
ortho-H, rates, suggesting that the ortho/para idtio, as
well as the temperature and density of,Htan be important
The high redshift £>0.5) end of the X-ray cluster popu- in collisional pumping of the 1720 MHz OH transition. The
lation is especially interesting as it can tell us so much, botht 720 MHz transition of the OH line received comparatively
about the formation of large-scale structure in the Universelittle attention in the Galactic center region until Yusef-
and about the physical processes that govern the cluster egadeh, Uchida & Robert§1995 used the VLA to observe
vironment. Ulmer and Romer have been working since 3/98he supernova remnant G 359.0.5, which had been shown
on a NASA Astrophysics Data Program funded project, thegarlier to be surrounded by a ring of molecular gas. The ease
SHARC Survey, to identify and analyze distant X-ray clus-With which such masers were detected, both along the edge
ters. We are using the latest X-ray reduction techniques t8f the supernova remnant, and where a non-thermal filament
identify clusters that were detected serendipitously in archicrossed the remnant, suggested that further searches for the
val ROSAT PSPC pointings. The primary goals of this OH (1720 MH2 maser line would be fruitful.
project are: 1to derive the most accurate estimate to date of Follow-up radio observations of the Sgr A region have
the high redshift X-ray cluster luminosity function, angita been carried out at the 1720 MHz transition of the OH mol-
provide the community with a large, all-sky, well understoodecule using the Very Large ArraW/LA) and the Australia
list of distant X-ray clusters on which to base futueg. Telescope Compact Arra§ATCA). Yusef-Zadeh and col-
AXAF, GEMINI, HST) studies. Rachel Pildi@rriving Nov.  laborators reported the detection of QH720 MH2 maser
10), Anne Meteviean NU physics senigrand colleagues at emission at seven different positions within a few arcminutes
the University of Chicago and John Moores University of Of the Galactic center. Most of the masers are located to the
Liverpool (Nichol, Kron, Holden, Collins, and Burkeom- ~ southeast of Sgr A at the boundary of the Sgr A East
plete this international collaboration. The X-ray data analysid*onthermal source with the #0.02—0.07 molecular cloud.
is now complete for the=500 high galactic latitude PSPC One maser is located within the circumnuclear diERD)
pointings at declinations greater tharLO degrees, yielding and another may arise as the result of an expansion of Sgr A
~200 extended sources. The process of differentiating disEast into molecular gas to the northwest of Sgf. At is
tant clusters from other extended X-ray sourt@ends, low likely that these maser features are excited by the interaction
redshift galaxies, and<20.3 clustersrequires extensive op- Of shocks in the Galactic center with adjacent molecular gas.
tical follow-up. For this we rely on the 3.5m ARC telescope. Significant circular polarization is observed toward ten dis-
Deep (to r=23) optical images in both andg are being tinct spectral components in the seven maser spots; i¥/the
made of all the distant cluster candidates. To date, we hav@gnal is due to Zeeman splitting, preliminary measurements
studied 106 candidates-(2/3 of our sampleand have found Of strong fields(local line-of-sight components d@ are es-
that roughly half of them show evidence of faiielow the timated to be between 2—4 milligaysse inferred toward all
POSS plate limjt galaxy clustering. Multi-slit spectroscopy SoOurces. The direction of these magnetic fields is positive for
will be performed to confirm the source identifications and to@ll masers except for the CND maser, which is negative. The
provide cluster redshifts. Three SHARC-related papers werbotential for these maser features as a diagnostic of shocked

submitted in 1996, Nichoét al, Holdenet al.and Connolly ~ 9as in the Galactic center is discussed.
et al. Roberts, Yusef-Zadeh & Gos4995 studied the kine-

matics of the ionized gas in the inner pc of the Galactic
center. A large velocity gradient(600 km s') and uni-

formly large velocities are observed along the rims of the

As part of his continuing elucidation of the promise of the mini-cavity feature which is located within the inner few

nascent field of gravitational-wave astronomy, L.S. Finn hasarcseconds of the dynamical center of the Galaxy. These
recently published a detailed study of how a catalog ofobservations show the kinematics of ionized gas with the
gravitational-wave observations of neutron star or black holérighest spatial and velocity resolutions to date. They provide
binary inspiral can be used to measure the cosmological pan estimate of the mass distribution which is consistent with

2.4 Clusters of Galaxies

2.5 Cosmology
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amass of 3.80.5x10° Mg, within the inner 0.13 pc of the ~ Purcell has worked with David DixoflUniv. of Califor-
compact radio source Sgi*A located close to the dynamical Nia, Riversidg Marvin Leventhal(Univ. of Maryland, and
center of the Galaxy. Lingxiang ChendgUniv. of Maryland. They have developed

A theoretical model of the formation of the mini-cavity techniques for generating maps of gamma-ray emission us-
was carried out by Melia, Coker & Yusef-Zadéh995. In ing OSSE observations of the Galactic plane and Galactic
this model, the formation of the mini-cavity is interpreted to Center region. These techniques have been used to generate
be the result of an impact between the streamer gas and tfie first-ever maps of the Galactic 511 keV positron annihi-
post-bow shock gas collimated by a massive1(°M ) lation line. These maps show evidence for a central Galactic
black hole coincident with Sgr A*. Multi-wavelength obser- bulge and a weak Galactic disk. The weak disk flux is con-
vations, including those of He |, Brand Bry line emission  sistent with that expected from positrons produced by radio-
in the inner~0.3 pc region of the Galaxy provide strong active 2°Al in the interstellar medium. In addition to the
evidence for the presence of an ambient Galactic center winbdulge and disk features, maps of the 511 keV line emission
with velocity v,,~500—-700 km s! and mass loss rate also show evidence for a feature néar—4°, b=+7° with
~3-4x103Mg yr 1. It is shown that the Bondi-Hoyle a flux about 50% that of the bulge. The source of this en-
process responsible for the accretion-e10??> g s * by Sgr  hanced emission is unknown. A series of OSSE observations
A* also produces a downstream, focused flow with a radiusiave been scheduled for late 1996 which will provide addi-
very similar to that of the mini-cavity and a mechanical lu- tional information covering a region 25°X 25° around the
minosity about 2.5 larger thdn.,, . In addition, the size and galactic center. These observations will help to improve our
density of the blobs appear to be consistent with the gaknowledge of the source and distribution of the 511 keV
characteristics in this flow. annihilation radiation.

Work has continued in the analysis of the simultaneous
OSSE and GRANAT/Sigma observations of the Galactic
center region. By combining the high sensitivity OSSE data

The Compton Gamma Ray Observatory was launchedith the imaging Sigma data, it has been possible to remove
April 4, 1991. The CGRO/OSSE experimefdim Kurfess, the I_m_own point source contributions from the OSSE data,
NRL, PI) in which NU (Ulmer, Co-Investigatorhas partici- Providing an estimate of the diffuse Galactic gamma-ray
pated is working well and has already made detections ofontinuum in the energy range 50 keV — 1 MeV. The ob-
nearly all the major prelaunch objectives: the Galactic centergerved emission is found to be broad and nearly flat in ga-
plane emission of 0.5 MeV, AGNs, the Crab nebula andactic longitude over the range 25°<I<—20°. Analysis of
pulsar, binary X-ray sources, black hole candidates, gammd4be spectrum suggests that the emission turns up below a few
ray bursts, and solar flares. The analysis at NU is being pefundred keV. If the observed emission is due to cosmic-ray
formed by Grabelskywho left the group Nov. 1, 1996 €lectron interactions in the interstellar medium, this would
Matz, Purcell, and Ulmer. Matz is chairman of the OSSEindicate that the spectrum of low energy cosmic-ray elec-
gamma-ray burst team, Purcell is chairman of the OSSE diftrons extends down to much lower energies than previously
fuse Galactic emission team. Ulmer is chairman of the OSSithought, and that these electrons represent a significant frac-
pulsar team and the GRO pulsar committee. Most of thdion of the heating of the interstellar medium. Alternatively,

observations agree with prelaunch expectations. We have b€ observed spectrum may be the result of multiple unre-
gun a search for transient sources of line and continuungolved X-ray sources below the Sigma detection threshold. If

emission in these data. this is the case, then approximately 1 such source/degree of
We have also detected tf€Al line from the Galactic longitude would be required to explain the observed spec-
plane. We are currently developing a technique of usingrum.
earth occultations to improve our sensitivity#\l. Prelimi- NU is the center for OSSE burst analysis. Matz maintains
nary results indicate a factor of 3 improvement in sensitivitythe OSSE  burst data archive online at: http:/
is possible. This improvement will allow us to measure thewww.astro.nwu.edu/astro/osse/bursts. New results are pub-
distribution of%°Al in the galactic plane on scales of 30  lished monthly. This is by far the most up-to-date publicly
degrees. available database of gamma-ray bursts. It has been used to
In collaboration with James Cordes and Zaven Arzoumaspark research, including a collaboration with COMPTEL to
nian (Cornell Univ), they have been using OSSE to studytest the cosmological origin of bursts. The site has had tens
pulsars. They have now made a survey of 15 pulsars includsf thousands of total accesses to date from more than 1000
ing several milli-second pulsars. They have set upper limitsites around the world.
to these. In some cases these limits are significantly below Recent burst analysis with OSSE has focused on the
the predicted trends based on the relationship between trsearch for pre- and post-burst emission from burst sources.
luminosity of gamma-ray detected pulsars and other properfhe BATSE/OSSE burst response system allows OSSE to
ties of the pulsars such as spin-down rate. They have alsabserve burst sources within 100 s of their detection. This
analyzed the observations of the Crab pulsar over a 5-yedras been approved and funded as a GRO guest investigator
period, and they find no evidence for variability in intensity observation in the last three NASA reviews. In addition, ex-
or in the ratio of the peaks of the light curve. They have alsdensive studies of serendipitous OSSE observations of burst
done a deep search for line emission in the 400-600 keVocations before and after events have been made.
range, and they have found no evidence for any lines. The OSSE observations cover a number of time scales

2.7 Gamma-Ray Astrophysics
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before and after bursts, including immediately befarben, 2.9 Hydrodynamics
in a NS-NS or NS-BH scenario, there should be significant

tidal heati d tri i d aft hen NS
'dal heating and neutrino emissioand after (when Sandquist has carried out hydrodynamic and hydrostatic

remnants/disk may be consumedeing so close to the ~ lati £ bl ¢ ler f i hanisfdisect
event, and in the energy range of primary interest, these olp'muiations ot blue straggier formation mec anisfdsec

servations may put significant constraints on models. Thgolllglor;s landl ?lnary fmtirgersSmoot?—Esrtlcle .hydrody-
observations on longer time scales may also be of interest jpamical simuiations of the merger of two main-sequence
themselves, and they provide an important baseline for thgtars have in all cases indicated that there is very little mix-
close-in measurements. Results from several events indicated of cc:retmatsrlal for thl(te t\r/:/ol_starihm;cohthe Snvelope (:f (tjhg
that the average low-energy flux immediately before and affémnant star. As a result, helium that has been created by

ter a burst must be less than 2% of the average burst flux. Nlaydrogen burning in t_he progenitor stgrs remains in the core
{ the remnant, considerably shortening the core hydrogen-

other instrument can make as sensitive observations of burg . h £ luti In additi it is found th
sources in this energy range. urning phase o its evo ution. In a |t|on, |F is found that
very little additional mixing of core material into the enve-

Matz is also a co-investigatqwith Gerry Share of NRL | quri he hvd : I . fth
as P) on NASA ADP funded work to produce a final catalog ope occurs during the hydrostatic relaxation of the remnant

of the >100 strong gamma-ray bursts observed by theStar or during the subsequent main sequence evolution. With

Gamma-Ray Spectrometer on the Solar Maximum MissiorP" without mixing, the remnant stars spend a large fraction of

satellite. This may provide the best available data set for théhelr time near the main sequence._Thls result '”.“p"_es Fhat

study of high-energy 1 MeV) emission in gamma-ray current models are unable to explain the color distribution

bursts seen in the photometry of blue stragglers in Galactic globular
A new OSSE observation of the pulsar PSR B1568 clusters.

with Matz as Pl was approved and funded in the last set of

GRO guest investigator proposals. It is a three-week obse2.10 Interstellar Medium

ation scheduled to be carried out in May 1997, with the . .
val " ! ut | y W In collaboration with M. JurgUCLA) and the late J. A.

dual goals of 1 making a better observation of the low- o . . .

energy pulsar spectrum to determine the spectral break elﬁ:-;rsdeeglsglenggggraé’ H'\i/lgehy(gegglztizataslgzgtrzgrgggggto-
ing the diff lar hard X- is-

ergy and 2 measuring the diffuse nebular hard X-ray emis echelle observations of the weak interstellar]Q. 1356 ab-

sion. This will help test models of plerion emission and . . ;
constrain the energetic electron spectrum and ambient maa_orphon toward the starg Cas,e Per, 6 Ori, e Ori, 15 Mon,

netic field. They will also improve constraints on the high- 7 CMa, and¥ Ara._ Intﬁomb_lnha;t_lon Wt'rt_‘h preVIousbGHR?
energy cut off, a test of polar cap models. measurements in six other sightlines, these new observations

yield a mean interstellar gas-phase oxygen abundgoee
10° H atoms of 10° O/H = 316 = 9. There are no statisti-
2.8 Globular Cluster Observations cally significant variations in the measured O abundances
from sightline to sightline and no evidence of density-
With M. Bolte (UCSQO, P.B. Stetson, and J.E. Hesser dependent O depletion from the gas phase. Assuming various
(DAO/HIA), E. Sandquist has reduced and studied photomelust mixtures of oxides and silicates such as olivine, the
etry of over 40,000 stars in the Galactic globular cluster M5.abundance of interstellar O tied up in dust grains is unlikely
The luminosity functions for the cluster have been computedo surpass 100/H ~ 180. It is difficult to further increase
from the tip of the red giant branch to several magnitudeghis O fraction in grain cores simply because the requisite
below the main-sequence turnoff. The “red-giant bump” hasmetals are far less abundant than oxygen. Consequently, the
been detected in the photometry, and its anomalous magnGHRS observations imply that thetal abundance of inter-
tude relative to oxygen-enhanced stellar models can poterstellar oxygen(gas plus grainsin the vicinity of the Sun is
tially be explained byx-element enhancements observed inabout 2/3 of the solar value of $@/H = 741 + 130.
the cluster. This result is important because it would remove Cardelli, Meyer, Jura, and B. D. Sava@d. Wisconsin
the need to invoke convective overshooting as has been tr&ave also used the GHRS to analyze the abundance of inter-
ditionally done for other clusters. The helium abundance oftellar carbon from high S/N echelle observations of the
the cluster as determined from the population ratioweak C Il] N2325 intersystem transition in six sightlines.
R=Nyg/NRrggis found to beY=0.19+0.02. No other evi- They find that the interstellar gas-phase C abundance shows
dence of low helium abundance is found, however, leadingio dependence on either direction or the physical condition
them to conclude that the stellar populations have been abf the gas, and that £&C/H = 140 + 20. If, like oxygen, the
fected in some way. Using an improved subdwarf fit to thetotal abundance of interstellar carbon is 2/3 of the solar value
main sequence of the cluster to derive the distance modulugl(® C/H = 355 + 43), the GHRS observations imply an
an absolute age of 13.5 Gyrl Gyr (internal erroy is found ~ amount of C in grain§10° C/H ~ 100) that would tightly
for the cluster. More importantly though, the relative ageconstrain extinction models. For example, this amount of
difference between M5 and the cluster NGC 288 is found tcsolid carbon can explain such extinction features as the 2175
be 3.5 Gyr+ 1.5 Gyr, as errors in chemical composition A bump through graphite and/or PAHs but would put se-
values do not appear to be capable of explaining the largeere restrictions on the availability of carbon in grains to
apparent difference in magnitude between the horizontagxplain the total optical/UV dust opacity.
branch and the main sequence turnoff. J. K. Watson(NU graduate studeptand Meyer have ob-

In collaboration with M. Bolte and L. Hernquist/ CSQO,
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tained high resolutionfv ~ 1.4 km s'1) observations of Plans are currently being studied to develop a large acous-

the interstellar Na | absorption toward the members of 1%ic gravitational-wave detector. In support of those plans,

binary star systems with the KPNO 0.9 m Coude Feed teleFinn has recently published an overview of gravitational-

scope and spectrograph. These binaries consist of stars rangave sources that such a detector might observe.

ing in spectral type from O6 to A5, lie at distances between

85 and 1200 pc, and have stellar separations ranging betweem 3 sybmillimeter Polarimetry

480 and 29,000 AU@. The rather definitive result is tlht

of these systems exhibit variations in their interstellar Na | G- Novak, J. Dotson, and graduate student T. Renbarger

line profiles. Individual velocity components often change inare building a Helium-3 cooled 9-pixel submillimeter pola-

strength, occasionally disappear entirely, and sometimes apimeter for use with the 2-meter Viper telescope at the South

pear to shift in velocity. Thus, it appears that small-scalePole. This instrument, called SPAR@e Submillimeter Po-

structure in the cold atomic gas is truiy pervasive in thelarimeter fOI‘ AntarCtiC Remote Observati()nﬁ/ill be used to

diffuse interstellar medium. observe the Galactic Center during the Austral Winter of
1998, in collaboration with investigators from the University
of Chicago and Carnegie Mellon UniversiffMovak, Platt, &

2.11 Numerical relativity Dragovan 1995; Novalet al. 1995. The technique of sub-

Finn is co-Investigator on the NSF computational Grandmllllmeter polarimetry has been developed over the last de-

Challenge project “Black Hole Binaries: Coalescence andz iSree: da?g Iiz:sseo(i iﬁ:eTnizi)sl?cgl;;?ar?]gzifn?elsﬁem Qflhz ?r?é
Gravitational Radiation.” The goal of this proje¢hich 9 : 9

. ) . . . .. SPARO observations is to discover the large-scale configu-
also involves the University of Texas at Austin, University ration of the maanetic field in the center of the Galaxy. Spe-
of Illinois at Urbana, University of North Carolina, Cornell g y. =P

; ) . . 4 . . cific questions that will be addressed include:
University, Pittsburgh University, Pennsylvania State Uni- What is the configuration of the magnetic field in the ma-

versity, and Syracuse Universjiis to solve numerically for terial that surrounds the circumnuclear ring? The role of

the evolution of and gravitational radiation from the coales-rnagnetic fields in astrophysical accretion disks has been the

cence of two black holes. ] :
; o . . . o topic of a large body of theoretical work. At last we have a
Since its inception, the practice of numerical relativity has o
case where we can observe the magnetic field inside an ac-

been dominated by finite difference methods. The reasons for

. L ) . cretion disk: the 3-pc circumnuclear disk in Sgr A. So far,
this are primarily historical(1) The field equations of rela- - : e
) . . . L the characteristics of the polarized far-IR emission from the
tivity are highly non-linear andwhen numerical relativity

was in its infancy the treatment of nonlinearities by spectral disk appear to be consistent with the predictions of the mag-

. e : X ~ . netic accretion disk model developed by Blandford and
techniques was very difficult while their treatment by finite . . :
: . . . Payne. An important test of the model is to observe the field
difference techniques was very straightforwgg);Early nu- : . . : . .
. o . at points surrounding the disk. This will be done with
merical relativists drew upon the expertise developed at thgp ARO
national laboratories for solving the similarly non-linear '

equations of hvdrodvnamics. and this expertise was prima- What is the relationship between the magnetic field in the
-quations of ny y ' P P ahot, ionized regions and that in the cooler, neutral regions?
rily in finite differencing.

In the intervening vears. spectral methods have underao One of the mysteries that is associated with the Galactic
considerable deve?oymen’t pand there is no longer ar? nSenter is the nature of the bright, straight, non-thermal radio

. pment, L 9 "Y filaments that have been discovered at several locations
priori reason that numerical relativity should be practiced

. e . .~ “within the central 100 pc. It has been argued that these fila-
exclusively with finite difference methods. In collaboration . . .
: . . . . ents are evidence for a strong poloidal Galactic Center
with post-doc Larry Kidder, Finn has investigated the use o - X .
: . ) : magnetic field. The planned South Pole observations will
spectral techniques for numerical relativity calculations. . : : . .
. ) . . S : determine the extent to which this poloidal field penetrates
Also in collaboration with Kidder, Finn is studying ways

of characterizing initial data sets for numerical relativity cal- into the neutral regions.
culations 9 y SPARQO is the first sub-Kelvin submillimeter detector sys-

tem that will be used in Antarctica during the winter. The
design of the cryostat incorporates several features that will

2.12 Sources of gravitational radiation simplify its operation and servicing. The parts for the
Helium-4 cryostat have been built, and first tests of this com-

In anticipation of the operation of large and sensitiveponent will take place in Fall 1996. The completed instru-

gravitational wave detector@.g., the Laser Interferometer ment is scheduled to be tested with the Viper telescope at
Gravitational-wave ObservatOI(‘JLIGO) and VIRGO detec- Carnegie Mellon University in Summer 1997.

tors) Finn has become increasingly involved in developing
tools for gravitational-wave data analysis involving single
detectors as well as multiple instruments operated as
single, networked detector. He is just now completing a large J. Ketterson, S. Maglic, and C. Thomé3epartment of
study of signal detection and measurement, for either detePhysics and Astronomyhave been working, with input from
ministic or stochastic gravitational-wave signals, using aUlmer, on the development of a superconducting tunnel
general “detector” consisting of multiple instruments at ar- junction (STJ) as an X-ray detector. The detectors are being
bitrary geographical locations. entirely fabricated in-house. The multilayer tunnel junction

%.14 X-ray Detectors
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design allows them to overcome many of the problems enexamined. They have successfully obtained telescope time at

countered in single layer junctions, including such obviousboth Kitt Peak and CTIO for follow-up optical observations

effects as the thickness of the deted&ingle layer junctions to measure the distances of clouds.

are too thin to effectively absorb photons at energies near 7 In one particular field near the Large Magellanic Cloud,

keV). They are planning expansion into 3 areas: they have carefully examined the extent, pervasiveness, and
The use of AIN rather than D, as the insulating layer. emission color of the local hot gas. They have analyzed the

This allows for ease in fabrication and flexibility in the thick- X-ray shadows cast by two interstellar clouds, adjacent in the

ness of the insulating layer. sky, but at different distance®( 70 pc, and 160 pc, respec-
The use of tunnel junctions as visible light detectors thatively). X-ray absorption by diffuse cool gas is tightly con-
will also provide energy resolution. strained by observations of EUV sources in the field. They

The development of a resonant cavity detector whoséind that the X-ray-emitting gas dogservadebetween the
“Q" is dependent on the surface conductivity. This should clouds, based on the rough proportionality of emission inten-
be linearly dependent on the energy of absorbed photorsity to cloud distance. From the measured X-ray emission
which will produce quasi-particles that will migrate to the intensity and color, they infer that the average temperature
surface of the cavity. This design has two advantages oveand density in the sightline to the nearer cloud-a$0® K

ordinary STJs: and 0.005cm?®, assuming an optically-thin thermal model.
The thickness of the absorbing layer can be made at leagut the emission colors are significantly different in the two
10 times thicker. sightlines, indicating that the hot gas temperature varies in

Tunneling is not required. They plan to fabricate and tesspace. The temperature between the clouds is probably only
a device. If the primary reason that STJs have not been able 6xX10° K. These findings, together with previous X-ray
to achieve near-theoretical resolution is that the quasishadow observations, suggest that the Sun is indeed located
particles do not tunnel efficiently, then the resonant cavityin a low-density, hot superbubble, and that a part of this
will perform much better(a factor of ~10 better energy superbubble has been recently heated by a break-out from an
resolution than the standard STJs. If, however, the reasomven hotter 2.4x 10° K) superbubble centered around the
for poor resolution in the STJ is due to the trapping andScorpius-Centaurus starburst region. Much of the Galactic
recombining of quasiparticles in two superconducting lat-0.1 — 1 keV background can be explained by the emission
tices, then we will be able to demonstrate this with similarfrom these two superbubbles and their interaction.
performance in the resonant cavity design.

3. EDUCATIONAL PROGRAM

2.15 X-ray Mirror Technology The Summer Research Program for High School Students

and Undergraduates continues. This is funded primarily by a

versity Basic Industry Research Laborafohas continued NASA educgﬂonal grant. We had a very successful summer
program which enabled students to gain research experience.

the development of the fabrication of X-ray mirrors via rep-_l_h_ ‘ had five hiah school student dt
lication. They have produced flats that are better than 3A s- IS past summer we had Tive nigh School students and ten

mooth. They have just been awarded 3 grants from NASA téjr)dergraduates working individually on researc_h projects
study X-ray mirror fabrication. Two of the projects are Spe_W|th professors and postdoctoral fellows. Seminars were
cifically for the purpose of making mirrors that function in held once a week and the last two weeks cancluded wiih the

the about 40—100 keV range. The other project is to perfec§tudents making their own presentations about their research

high-angular-resolution, small, light-weight mirrors for projects.
studying the sun in the-1—10 keV range. All of these
projects are in collaboration with Dr. Allen Krieger of Ra- pygLICATIONS

diation Science, Inc. In collaboration with Prof. Yip-Wah cardelli J.A. Meyer, D.M., Jura, M., & Savage, B.D. 1996
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