CANADIAN ASTRONOMERS USING SPACE EXPERIMENTS
"CAUSE"

A Compendium of Science Highlights 1962 — 2003

compiled by
Steve Torchinsky (Canadian Space Agency) & Tony Moffat (Université der&aint



Preface

Canadian astronomers have been using telescopes in space since
the 1960's. Space studies are providing an ever-growing part of
astronomical research. The Canadian Space Agency, with its
mandate to advance scientific knowledge from the Earth to the edge
of the Universe, has, since its creation in 1989, become essential to
astronomical research in Canada. With the help of the CSA,
Canadian astronomers can now propose and build their own space
platforms.

This document presents an overview of some of the highlights that
Canadian astronomers have achieved in space since the first
sounding rockets were used to detect extrasolar ultraviolet radiation.
Members of the astronomical community were asked to submit what
they considered to be their most exciting and relevant results. The
large, but by no means complete, response is a testament to the
great importance of space-based facilities to Canadian astronomers.

Note:
Authors that are Canadian and/or CASCA members are
indicated with bold lettering.
Projects are sorted chronologically according to publication
date, and within a given year, sorted by first author.

(cover image: see page 46)
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The Nature of the Night Sky UV Emission

D. C. Morton & J. D. Purcell
1962, Planetary Space Science, 9, 455

D. C. Morton
1962, Planetary Space Science 9, 459

These U.S. Naval Resarch Laboratory rocket experiments proved for the first time that
the ultraviolet airglow is mainly due to Lyman alpha emission.

The photograph illustrates the Schmidt objective spectrographs with the film cassette removed
from one camera to show a film holder in position for an exposure. Before and after the six

exposures a shutter covers the opening to make the cassette light tight. Photo courtesy U.S.
NASA.



Early Discovery that Supergiants are Losing Matter in the Form of Winds

D. C. Morton & L. Spitzer
1966, Astrophysical Journal 144, 1

D. C. Morton
1967, Astrophysical Journal 147, 1017

This rocket spectrograph experiment recorded the first far-ultraviolet line spectra of stars
other than the sun and discovered the high-velocity mass ejection from normal hot
supergiants. The follow-up was carried out using the Copernicus satellite. The key
factor here was that the P Cygni absorption edges had velocities exceeding the escape
velocity from the stellar surface by a factor of ~3, along with mass loss rates of ~10°
solar masses per year.

The photograph shows the platform assembly with two spectrographs above and the stabilizing
gyroscope underneath. The precession of the gyro limited jitter in the dispersion direction,
i.e. about the axis resting in the V-block. Photo courtesy of the Perkin-Elmer Corp.



First Analysis of Stellar Ultraviolet Spectra

D. C. Morton
1975 Astrophysical Journal 197, 85
1976 Astrophysical Journal 203, 386

The NASA-sponsored Copernicus satellite recorded the spectrum of Zeta Ophiuchi
shown in the figure revealing the broad absorption of interstellar molecular hydrogen and
narrow lines of many atomic species not detectable from the ground. The abundance
determinations relative to the sun showed that significant fractions of many elements
have condensed into interstellar grains.



High-Resolution Imaging Studies of the Near-Nucleus Regions of Comets

B. A. Goldberg, J. A.Slavin, |. Halliday, B. A. Mcintosh, G. C. L. Aikman, A. F. Cook,
In ESA Proceedings of the 20th ESLAB Symposium on the Exploration of
Halley's Comet, 1987, Plasma and Gas, 1, 153

High-resolution, calibrated images of the near-nucleus regions of Halley, Giacobini-
Zinner (for ICE encounter) and additional comets displaying widely differing levels of
activity were acquired with a CCD sensor at the Cassegrain focus of the 3.6 m Canada-
France-Hawaii Telescope (CFHT). The International Halley Watch designated
interference filters were used. Successful correlation of ICE magnetic field data with the
optical images obtained with the CFHT on the night of encounter (11 Sept. 1985)
primarily through the H20(+) and neighboring continuum passbands and with 300 km
spatial resolution provokes reinterpretation of the observed structure of cometary ion
tails. The observations of Halley, limited by bad weather, were made at significant
periods of the apparition: the first, in December 1984 with the comet at 5.3 AU during the
period of the onset of activity; and the last, in November 1985 with the comet near
opposition. The December observations show evidence of residual activity. The 18
November data show a highly-condensed inner coma with an extreme falloff in
brightness from the region of the nucleus. These data provide the basis for
characterizing the gas and dust environment in the immediate vicinity of the active
nucleus. See also J.A.Slavin, B.A.Goldberg, E.J.Smith, D.J.McComus, S.J.Bame,
M.A.Strauss H.Spinrad,1986, Geophysical Research Letters, 13, 1085



A Dramatic Differentiation of Heavy-Element Abundan  ce in the Small
Magellanic Cloud versus the Galaxy

G. Koenigsberger, A.F.J. Moffat, L.H. Auer
1987, Astrophysical Journal, 322, L41

First IUE UV spectra of the SMC eclipsing WR binary HD5980 showing atmospheric

eclipses in lines due to NV, NIV, Hell and CIV, around the 19-day orbit (upper panel)
and a clear underabundance of Fe in the SMC compared to the Galaxy (lower panel)
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A Unique Spectral Sequence of Some of the Hottest,
Most Massive Stars Known

L. Drissen, A.F.J. Moffat, N.R. Walborn, M.M. Shara
1995, Astronomical Journal, 110, 2235

HST optical spectra of individual massive hot stars in the very dense core of the Galactic
starburst region NGC 3603, showing a clear sequence of among the most massive stars
known, ranging from the most luminous with strong emission lines down to main
sequence stars of the hottest known type, but lacking as strong winds. This showed
clearly for the first time that luminous hot stars do not have to be of He-burning Wolf-
Rayet to exhibit emission lines.

11



The Mass Ratios of Cepheid Binaries

Evans, N. R.
1995, Astrophysical Journal, 445, 393

Determining whether stars are formed singly or as part of a binary or multiple system is
very important in understanding star formation, and often determines the future
evolution of stars. For relatively rare massive stars, such as Cepheids, this information
has been particularly difficult to determine. Because Cepheids are cool, but often have
hot but fainter companions, ultraviolet spectra (such as obtained by the IUE or HST
satellites) provide a direct look at the companion, and hence a clear determination of its
parameters. In this figure, the ratio of the mass of the companion to the mass of the
Cepheid is plotted. Clearly, Cepheids strongly prefer low mass companions, which is
guite opposite to previous work.
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A Hot Spinning Wolf-Rayet Star

D. Massa, A. W. Fullerton ; J. S. Nichols; S. P. Owocki; R. K. Prinja; N. St-Louis ;
A. J. Willis; B. Altner, C.T. Bolton ; J. P. Cassinelli; D. Cohen; R. G. Cooper;

A. Feldmeier; K. G. Gayley; T. Harries; S. R. Heap; R. N. Henriksen ; I. D. Howarth;
I. Hubeny; E. Kambe; L. Kaper; G. Koenigsberger; S. Marchenko ; S. R. McCandliss;
A. F. J. Moffat ; T. Nugis; J. Puls; C. Robert ; R. E. Schulte-Ladbeck; L. J. Smith;
M. A. Smith; W. L. Waldron; R. L. White
1995, Astrophysical Journal, 452, L53

N. St-Louis , M.J. Dalton, S.V. Marchenko , A.F.J. Moffat , A.J. Willis
1995, Astrophysical Journal, 452, L57

A unigue 15-day uninterrupted IUE run on the single bright WR star EZ CMa, showing
clear cyclic variations in the 3.76-day rotation period (upper figure), from which the time
variability of various spectral lines leads to definition of large-scale temperature
differences (lower figure) in the forced rotating wind.
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X-Ray Properties of the Unusual Massive Binary Star LSI +61 303

D.A. Leahy, F. Harrison, A. Yoshida
1997, Astrophysical Journal, 475, 823

The ASCA X-ray Spectrum of the unusual binary LSI+61 303 showed that the x-ray
spectrum was clearly power law in form and gave strong support to the inverse-Compton
origin for the x-ray emission. Analysis of the radio through gamma-ray spectrum showed
consistency with a single electron population being responsible for the radio synchrotron
and the x-ray to gamma-ray inverse Compton emission, except for some flux
measurements from the CGRO/Comptel instrument which were later shown to be due to
a guasar in the same field-of- view rather from LSI+61 303.
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Classical Cepheid Masses: U Agl

N. R. Evans, E. Bohm-Vitense, K. Carpenter, B. Beck-Winchatz, R. Robinson
1998, Astrophysical Journal, 494, 768

Velocities from satellite (IUE and HST) ultraviolet spectra of hot companions of Cepheid
variable stars can be combined with ground-based binary orbits and an inferred mass of
the companion to determine the mass of the Cepheid. This provides a direct measure
of the most fundamental property of Cepheids which are primary extragalactic distance
indicators. Furthermore, the comparison of the mass--luminosity combination with
predictions from computed evolutionary tracks provides the best constraint on the
interior parameter ““core convective overshoot", which is the largest uncertainty in the
computations. The figure shows the predicted results for several values overshoot
compared with the measured values (solar units).

15



Discovery of Concentric Arcs in Proto-Planetary Neb ulae

S. Kwok, K. Su , and B. Hrivnak
1998, Astrophysical Journal, 501, L117

Proto-planetary nebulae are objects in transition between the asymptotic giant branch
and planetary nebula phases of evolution. HST imaging of proto-planetary nebulae
shows that they already process bipolar forms, suggesting that the shaping of planetary
nebulae occurs early, before the onset of photoionization. Most interestingly, the image
shows 8 concentric arcs with uniform spacings of several hundred years. The origin of
these arcs is still unknown.

The figure shows the Cotton Candy Nebula (IRAS 17150-3224) which was taken using
the Wide Field & Planetary Camera-2 on the Hubble Space Telescope.
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Evidence for Subsynchronous Rotation in HZ Herculis [Hercules X-1

D.A. Leahy, D.M. Scott
1998 Astrophysical Journal Letters, 503, L63

An analysis of the orbit of Her X-1 was carried out including the measured eclipse
ingress and egress times from the Ginga X-ray satellite, to show that the binary orbit was
impossible in the sense that the companion HZ Her had an observed size larger than the
critical Roche lobe, beyond which it is dynamically unstable. The solution to this problem
is that the companion must be rotating at substantially less than the orbital period
(subsynchronous rotation). The actual rotation speed depends on the (uncertain)
inclination and velocity amplitude.

The Ginga satellite
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Discovery of an Optical Synchrotron Jet in 3C 15

A. R. Martel , W. B. Sparks, D. Macchetto, J. A. Biretta, S. A. Baum; D. Golombek,
P. J. McCarthy, S. de Koff, G. K. Miley
1998, Astrophysical Journal, 496, 203

We report the discovery of a new optical synchrotron jet in the radio galaxy 3C 15. This
brings to nine the number of known optical synchrotron jets in nearby radio galaxies. The
jet is well resolved in both length and width and extends to a projected metric distance of
~5 kpc from the galaxy nucleus. Unlike other galaxies hosting optical jets, the core of
the galaxy does not possess a bright, unresolved nucleus, suggesting that the active
galactic nucleus is presently inactive or buried in dust. The bottom figure shows the top
figure zoomed after subtracting out the background light from the galaxy. Images were
made with WFPC2 on the Hubble Space Telescope.
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Fast-Moving Massive Stars Interacting with Their Su  rroundings

A. F. J. Moffat, S. V. Marchenko, W. Seggewiss, K. A. van der Hucht, H. Schrijver,
B. Stenholm, I. Lundstrom, D. Y. A. Setia Gunawan, W. Sutantyo,
E. P. J. van den Heuvel, J.-P. de Cuyper, A. E. Gomez
1998, Astronomy & Astrophysics, 331, 949

Hipparcos astrometric satellite data allowed a first systematic study of the kinematics of
a large sample of Galactic massive hot stars (WR and O), showing that the supersonic
shocks around some stars are reinforced in the direction of their movement.
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Protostars in Bok Globules

S.C. Russell, P.J. Richards, L.B.G. Knee
1998, ASP Conf. Ser.,Vol. 132, 214. "Protostars in Bok Globules"

The European ISO satellite had the capability to observe much fainter dust emission
from molecular globules than could IRAS, and so could be used to find extremely young,
pre-protostellar objects. Scans across a number of such objects at 100 and 200 microns
wavelength show an unexpectedly wide variety of brightness profiles, as exemplified by
cores DC346.4-5.0 and L 814. This is surprising in view of the otherwise apparently
homogeneous nature of our selection of objects. It suggests that the pre-protostellar
evolution of low mass cores is considerably more dynamic, and less quasi-static, than
previously assumed.
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The Complete Spectral Energy Distribution of the Helium-Rich White Dwarf
MCT 0501-2858

S. Vennes, J. Dupuis, P. Chayer, E. F. Polomski, W. van Dyke Dixon, M. Hurwitz
1998, Astrophysical Journal, 500, L41

Hot white dwarfs emit most of their radiation in the extreme and far ultraviolet ranges.
Thanks to the Extreme Ultraviolet Explorer, the Orbiting and Retrievable Far and
Extreme Ultraviolet Spectrometers, and the International Ultraviolet Explorer, it is
possible to study the bulk of the radiation coming from MCT 0501-2858, something
which is quite rare among hot stars. The He Il ground state and n=2 line series are
covered as well as the ISM H | and He | photoionization edges as indicated.
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The Age Gradient in the Halo of the Milky Way

W. E. Harris, R. A. Bell, D. A. Vandenberg , M. Bolte, P. B. Stetson , J. E. Hesser,
S. van den Bergh , H. E. Bond, G. G. Fahlman, H. B. Richer
1997, Astronomical Journal. 114, 1030

P. B. Stetson , M. Bolte, W. E. Harris, J. E. Hesser, S. van den Bergh,
D. A. Vandenberg , R.A. Bell, J.A. Johnson, H.E. Bond, L. K. Fullton, G. G. Fahlman,
H.B. Richer
1999, Astronomical Journal, 117, 247

The galactic halo, the vast region which contains old field stars and globular star clusters
and extends far beyond the disk and spiral arms, is generally thought to be the oldest
part of the Galaxy. The actual time at which it began to form from the pregalactic
gaseous material that filled all of space after the Big Bang can be established by
measuring the ages of the globular clusters scattered throughout the halo. This HST-
based study, for the first time, obtains a definitive age calibration for a globular cluster
(NGC 2419) at the outermost fringes of the Milky Way halo, 300,000 light-years from the
Galactic center. Its age turns out to be identical to that of a classic inner-halo cluster
Messier 92, which is the best-established candidate for the oldest and most metal-poor
object in our Galaxy. This comparison provides strong evidence that the first major round
of star formation which began the construction of the Galaxy started up at virtually the
same time across the entire extent of the protogalaxy.
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Extreme-Ultraviolet Explorer Observations of Hercul es X-1 at the End of the
Short High State

D.A. Leahy, H. Marshall
1999 Astrophysical Journal, 521, L328

The Extreme Ultraviolet (EUV) Explorer was used to obtain observations of Her X-1 for
4 days starting at the end of the short high state. The neutron star is covered by the
accretion disk, and the emission that was measured was shown to be due to reflection of
EUV flux from the neutron star off the companion star. Optical heating flux from the
companion had been known before but this was the first measurement of reflection.
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Hubble Space Telescope Snapshot Survey of 3CR Radio  Source
Counterparts. Ill. Radio Galaxies with z<0.1

A. R. Martel, S. A. Baum, W. B. Sparks, E. Wyckoff, J. A. Biretta, D. Golombek,
F. D. Macchetto, S. de Koff, P. J. McCarthy, G. K. Miley
1999, Astrophysical Journal Supplement, 122, 81

We present and describe optical counterparts to 46 3CR radio galaxies of redshifts less
than 0.1 that were imaged with the Hubble Space Telescope's (HST) WFPC2 camera
through the broadband F702W filter as part of the 3CR Snapshot Survey. Approximately
89% of the galaxies are ellipticals, and nearly all reside in groups or clusters of galaxies
of various richness and compactness. Dust is prevalent in the cores of the 3C hosts;
nearly half of the galaxies possess some type of dust structure, such as irregular dust
lanes, filaments, or disks. Besides the well-known dust disks of 3C 264 and 3C 270, we
have found five new candidates in 3C 31, 3C 40, 3C 296, 3C 449, and 3C 465, as well
as in the central regions of the nearby neighbors of 3C 31 and 3C 465. Our sample
includes six confirmed optical synchrotron jets in 3C 15, 3C 66B, 3C 78, 3C 264, 3C
274, and 3C 371.

WFPC2 R-band image of 3C 272.1. The black arrow in the upper right corner of the gray-scale
image indicates the direction of the radio jet or of the large-scale radio. Contour levels in
maggr arcsec” are 15.0, 15.25, 15.5, 15.75, 16.0, 16.25, 16.5, 16.75, 17.0, 17.25, 17.5.
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Very Cold Dust in Stellar Embryos

P.J. Richards, L.B.G. Knee, S.C. Russell, M. Haas
1999, ESA SP-427, 513.

The ISOPHOT instrument of ISO has been used to detect the very cold (12-16 K) dust
component of a number of low mass pre-protostellar cores. The cores are brighter and
more centrally condensed at 200 microns than at 100 microns. Confusion appears to be
a problem at 100 microns for many cores, but notably not for the very isolated core
CB220, which is thus an ideal candidate for detailed energy balance studies for pre-
protostellar cores.

The following figures show CB220 at wavelengths of 200 microns and 100 microns)
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X-Ray Observations of the Galactic Microquasar SS43 3

S. Safi-Harb, R. Petre
1999, Astrophysical Journal, 512, 784

S. Safi-Harb, H. Ogelman
1997, Astrophysical Journal, 483, 868

W50 is a very interesting SNR: a nearby laboratory for studying extragalactic radio jets and
guasars. Among the 230 catalogued galactic SNRs, W50 remains the only SNR confirmed to
harbor a twin-jet relativistic binary system, the galactic microquasar SS433. This work entails a
broadband imaging and spectral study of this system with the ROSAT, ASCA, and RXTE X-ray
satellites, thus covering three orders of magnitude in energy. Our study shows two large X-ray
lobes, extending east and west from SS433 out to the radio lobes, the regions believed to be
associated with the termination of the SS433 jets. The overall morphology and energetics of W50
indicate that its lobes are powered by the SS433 jets interacting with the SNR shell and an
inhomogeneous medium. The spectrum of the lobes steepens away from SS433 and is non-
thermal at the jets/SNR shell interaction site. Its non-thermal nature indicates the presence of
very high-energy TeV electrons, suggesting that jet sources could be important sites for cosmic
ray acceleration.

The foreground colored image is a hardness ratio X-ray map showing two X-ray lobes east and
west from SS433 (the bright source at the center). The background greyscale image is the VLA
image showing a distorted shell with two “ear-like' lobes. Overlayed in white are thick optical
filaments found at the base of the radio ears. W50 is about 170 by 340 light-years across at a
distance of 10,000 light-years from us. Its unique morphology is believed to be caused by the
power of the SS433 jets energizing the surrounding medium, distorting the shell of the supernova
remnant, and interacting with a cloud in the western region (right).
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Space VLBI Observations of the Core-Jet in the Near by Spiral Galaxy M81

N. Bartel, M. Bietenholz
Astrophysical Phenomena Revealed by Space VLBI, p. 17 - 20, 2000. ISAS

Space VLBI images of M81, a nearby spiral galaxy, were made at a frequency of 5 GHz
with the VSOP spacecraft HALCA together with a global array of ground based radio
telescopes. The first figure depicts the image of M81 resulting from analysis of only the
ground based VLBI baselines while the second figure depicts the image of M81 which
results when Earth-to-space VLBI baselines to HALCA are included. The second figure
shows a jet extending to the North East with an orientation that changes from about 70
degrees to 60 degrees and back to 70 degrees over an arc of about 3.5 milli-
arc seconds. This "wavy" structure in the image is a new feature never before seen in
M81. A “wavy" structure of this sort is consistent with a jet emanating from the vicinity of
an accretion disc surrounding a black hole. The core-jet structure of M81 revealed in
this image has structural similarities with powerful AGNs in other radio galaxies and
guasars and may shed light on the structure and nature of the central source at the core
of our own galaxy.
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Multiple Generation Starburst

L. Drissen, J.-R. Roy, C. Robert, D. Devost
2000, Astronomical Journal, 119, 688

One of the most powerful starbursts in the local universe is taking place in the nearby
irregular galaxy NGC 2366. High resolution visible images and ultraviolet spectra by the
Hubble Space Telescope have shown that the burst of star formation started 10 million
years ago and created two younger clusters, aged 4 and 1 million years old. Determining
the precise age of these bursts of star formation is extremely important to understand
the modes of star formation in galaxies.
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Adding More Mysteries to the Hydrogen-Rich White Dw  arf GD 394

J. Dupuis, P. Chayer, S. Vennes , D.J. Christian, and J.W. Kruk.
2000, Astrophysical Journal, 537, 977

GD 394 is the only isolated white dwarf that shows variability in the extreme ultraviolet
range as detected by the Extreme Ultraviolet Explorer. The figure shows luminosity
variations with three different wavelengths with an amplitude of 25% and a period of
1.150 days. These variations suggest that heavy element abundances at the surface of
the star are not homogeneous, causing brightness modulations as the star rotates.
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Hubble Space Telescope Observations of the Interact  ing Galaxies
NGC 2207 and IC 2163

B. G. Elmegreen, M. Kaufman, C. Struck, D. M. EImegreen, E. Brinks, M. Thomasson,
M. Klaric, Z. Levay, J. English, L. M. Frattare, H. E. Bond, C. A. Christian, F. Hamilton,
K. Noll
2000 Astronomical Journal 120, 630

In the direction of the constellation Canis Major, two spiral galaxies pass by each other
like majestic ships in the night. The near-collision has been caught in images taken by
NASA's Hubble Space Telescope and its Wide Field Planetary Camera 2. Computer
simulations, carried out by a team led by Bruce and Debra Elmegreen, demonstrate the
leisurely timescale over which galactic collisions occur. In addition to the Hubble images,
measurements made with the National Science Foundation's Very Large Array Radio
Telescope in New Mexico reveal in detail the motions of the galaxies and aid the
reconstruction of the collision.
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FUSE Observations of Two O7 Supergiants in the Mage llanic Clouds

A. W. Fullerton , P. A. Crowther, O. De Marco, J. B. Hutchings, L. Bianchi,
K. R. Brownsberger, D. L. Massa, D. C. Morton , B. L. Rachford, T. P. Snow,
G. Sonneborn, J. Tumlinson, A. J. Willis
2000, Astrophysical Journal, 538, L43

As part of the program of early-release observations with the Far Ultraviolet
Spectroscopic Explorer (FUSE) satellite, high-resolution spectra were obtained for a pair
of O7 supergiants, one in each of the Magellanic Clouds. These were the first high-
resolution, far-ultraviolet spectra ever obtained for early-type stars in external galaxies.
Model atmosphere analysis not only confirmed that the stellar wind of the star in the
SMC was substantially weaker than its counterpart in the LMC (as a result of reduced
metallicity), but also provided compelling evidence that the temperature scale for O-type
stars required substantial downward revision (independent of metallicity). Both stars in
the figure below are from the Small Magellanic Cloud.
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A Lack of Planets in 47 Tucanae from a Hubble Space  Telescope Search

R.L. Gilliland, T.M. Brown, P. Guhathakurta, A. Sarajedini, E.F. Milone, M.D. Albrow,
N. R. Baliber, H. Bruntt, A. Burrows, D. Charbonneau, P. Choi, W.D. Cochran,
P. D. Edmonds, S. Frandsen, J.H. Howell, D.N.C. Lin, G. W. Marcy, M. Mayor, D. Naef,
S. Sigurdsson, C.R. Stagg, D.A. Vandenberg , S.S. Vogt, M.D. Williams
2000, Astrophysical Journal 545, L47

The light curve analysis to date of about 3 dozen eclipsing or ellipsoidal variables has
yielded no certain transits (in a field of some 50,000 stars). These results imply that the
environment of stars in this cluster is non conducive to the existence of hot Jupiters.

Top panels: Direct V and | light curves. Middle panels: Same as top panels, but phased
at 1.340 days after smoothing over 0.036 bins (error bars show standard error from
scatter within bins). Transit depths are as expected for a 1.3 RJ planet and 0.77 R star.
This demonstrates excellent sensitivity to transits; however, this is a diluted eclipsing
binary signal, not a planet. Bottom panels: Transit detection statistic.
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Simultaneous X-Ray and Radio Monitoring of the Unus  ual Binary LS | +61
deg303: Measurements of the Light Curve and High-En  ergy Spectrum

F. A. Harrison, P. S. Ray, D. A. Leahy, E. B. Waltman, G. G. Pooley
2000, Astrophysical Journal, 528, 454

Simultaneous RXTE X-ray and radio monitoring of the unusual binary LSI+61 303 was
carried out and showed that the X-ray and radio peaks clearly occurred at different
orbital phases. This is essential to understand the mechanism resulting in producing the
relativistic electron population responsible for both x-ray and radio emission.
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Discovery of a Disk-Collimated Bipolar Outflow

S. Kwok , B. Hrivnak, K. Su
2000, Astrophysical Journal, 544, L149

Bipolar outflows are common in both stellar and galactic environments. Although disks
are often suspected to be responsible for the collimation of such outflows, they have
rarely been directly imaged. The figure shows an HST image of the Spindle Nebula
(IRAS 17150-3046), with jet-like streams emerging from both sides of the disk. The
image was taken using the Wide Field & Planetary Camera-2 on the Hubble Space

Telescope.
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Nuclear Gas and Dust Disks in Nearby 3CR Elliptical Galaxies

A. R. Martel, N. J. Turner, W. B. Sparks, S. A. Baum
2000, Astrophysical Journal Supplement, 130, 267

Using WFPC2 V, R, I, and Ha images, we examine the morphologies, environments,
colors, and line emission of dust and gas disks located in the cores of seven low-redshift
elliptical galaxies hosting 3C radio sources. In most cases the disks are nonuniform in
continuum light and are surrounded by arcs, filaments, and diffuse absorbing clumps,
suggesting that the dust in the cores of these galaxies is not dynamically settled.
Extended, clumpy or smooth Ha line emission is detected in all cases for which narrow-
band images are available. The opacity of the disks falls more steeply toward the
infrared than do those of Galactic and Magellanic Cloud grains, suggesting that the dust
is not unprocessed material from a merger with a spiral or irregular galaxy.
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Optimizing ISOCAM Data Processing Using Spatial Redu  ndancy

M.-A.Miville-Deschénes, F. Boulanger, A. Abergel, J.-P. Bernard
2000, Astronomy & Astrophysics Supplement, 146, 519

We have developed original data processing methods that take advantage of the
redundant information of a mosaicked observation to correct for ISOCAM (the camera of
the Infrared Space Observatory) instrumental effects. This new data-processing scheme
allows the detection of contrast smaller than 1% and produces images of diffuse
emission that are dominated by the readout and photon noises. This method is being
used to reduce the whole ISOCAM data base and, as it is general, it could be used for
further space missions like SIRTF, Herschel or Planck.
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Surprisingly Low Water and Oxygen Abundances Measur ed by the
Submillimeter Wave Astronomy Satellite

The SWAS Team including R. Plume
2000, Astrophysical Journal Letters, 539

SWAS (the Submillimeter Wave Astronomy Satellite), launched in December 1998 is a
NASA Small Explorer Project (SMEX) designed to study the chemical composition of
interstellar gas clouds. The primary objective of SWAS is to survey water, molecular
oxygen, carbon, and isotopic carbon monoxide emission in a variety of Galactic star
forming regions. Although theorists predicted that water and molecular oxygen should be
abundant in the dense interstellar medium, SWAS showed that they are, in fact, not. The
observed water abundance is a factor of 100 or more lower than predicted and oxygen
has not been detected at all! This has led to a rethinking of how other oxygen bearing
species can form in the interstellar medium, and how dense interstellar gas can cool as it
collapses to form new stars.

Artist's concept of SWAS in orbit

This figure describes a possible explanation for the low observed abundances of water and
molecular oxygen. In this scenario water and oxygen "freeze" onto dust grains. The figure
shows the abundances of CO, O,, H,O, and HC3;N as a function of time for two models of the
gas-grain chemistry. (a) Model including depletion and desorption onto grain surfaces, but no
surface chemistry. (b) Model including depletion and desorption onto grains but with simple
surface chemistry.
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A Broadband X-Ray Study of Supernova Remnant 3C 397

S. Safi-Harb , R. Petre, K. A. Arnaud, J. W. Keohane, K. J. Borkowski, K. K. Dyer,
S. P. Reynolds, J. P. Hughes
2000, Astrophysical Journal, 545, 922

SNR 3C397 was examined in X-rays using data acquired with the ROSAT, ASCA, and
RXTE satellites, thus covering three orders of magnitude in energy. This uniqgue SNR
has an unusual box-like shape and a complex spectrum. The ROSAT image allowed the
discovery of a central X-ray spot, invisible at any other wavelength, and which could be
harboring a compact object. The broadband X-ray spectrum of the SNR is dominated by
thermal emission from shock-heated ejecta and interstellar material. Its complex and
composite nature points at a multi-temperature gas which has not yet fully reached its
ionization equilibrium. This indicates a young age for the supernova remnant.

The ROSAT X-ray image of SNR 3C397 showing a central X-ray spot whose nature remains
ambiguous. The spectrum of the SNR studied with ASCA shows a multi-temperature, multi-
ionization timescale gas dominated by thermal emission from Mg, Si, S, Ar, and Fe
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Evidence for a Resolved Inner Disk Occultation of the Neutron Star in the
X-Ray Binary Her X-1

D.M. Scott, D.A. Leahy, R.B. Wilson
2000 Astrophysical Journal, 539, 392

Extensive observations of the X-ray pulse shape of Hercules X-1 were made with the
GINGA satellite. The changes of the pulse shape over the 35-day cycle show a very
regular pattern which has not been successfully interpreted previously despite
considerable efforts by many investigators. Some of the key steps to the correct
interpretation were: ruling out many previous proposed interpretations, and realizing that
gravitational light-bending could result in a "reversed fan-beam" configuration. The
correct interpretation of the pulse shape changes (see Figure) requires an emission
region consisting of a pencil beam from the surface of the neutron star and a reversed
fan beam, which appears to come from above the surface due to light-bending, both
occulted by the sharp inner edge of the accretion disk at the inner edge of the accretion
disk.
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The Birth of High Energy Jets in an X-ray Binary St  ar System

A.R. Taylor, S.M. Dougherty, W.K. Scott , M. Peracaula, J.M. Paredes
in Astrophysical Phenomena Revealed by Space VLBI, p. 223-226, 2000. ISAS

LSI+61303 is one of the most unusual of the exotic class of X-ray binary star systems. It
undergoes an outburst of tremendous energy every 25 days and is a prodigous source
of very high energy gamma rays. Neither the nature of the gravitationally collapsed
companion star nor the cause of the outburst is known. Using space VLBI we are able to
probe the stellar system on spatial scales similar to the orbit of Venus in our solar
system. High resolution imaging of this star system was one of the key stellar projects
with the VSOP mission. The two images of LSI+61303 below are extracted from a
sequence of data taken over two days with the HALCA spacecraft plus eighteen ground
radio telescopes. The images, separated by 10 hours, show for the first time in this star
the beginning of the formation of twin radio jets. These jets, which have a dimension
similar to our solar system, contain ultra high energy particles responsible for generation
of gamma-ray photons. The source of these particles remains unexplained.
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The Morphological Evolution of Galaxies

R. G. Abraham, S. van den Bergh
2001 Science, 293, 1273

The images below are a montage of typical elliptical, spiral, and peculiar galaxies in the
Northern and Southern HDFs, imaged by the HST. They are sorted by redshift (local
galaxies at bottom, distant galaxies at top). Color images were constructed by stacking
images obtained through blue, yellow, and near-IR filters. Note the gradual loss in the
organization (and the increase in the fragmentation) of spiral arms in the spirals. Barred
spirals (such as the example shown in the bottom row) become rare beyond z = 0.5. The
physical nature of most of the peculiar galaxies in the far right column is poorly
understood. The exception is the object at the lower right corner, which is a dwarf
irregular, a class of objects common in the local Universe.
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The Metal-rich Globular Cluster NGC 6553: Observati  ons with WFPC2,
STIS, and NICMOS

S. F. Beaulieu, G. Gilmore, R. A. W. Elson, R. A. Johnson, B. Santiago, S. Sigurdsson,
N. Tanvir
2001, Astronomical Journal, 121, 2618

We present a Hubble Space Telescope study of the metal-rich globular cluster NGC
6553 using WFPC2, NICMOS, and STIS. Our primary motivation is to calibrate the STIS
broadband LP magnitude against V555 and 1814 magnitudes for stars of known

metallicity and absolute (visual) magnitude, for application to our study of LMC globular
clusters.
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An Unstable Massive Star Caught in the Act

L. Drissen , P. A. Crowther, L. J. Smith, C. Robert, J.-R. Roy, D. J. Hillier
2001, Astrophysical Journal, 546, 484

While studying the stellar content of the giant star-forming region NGC 2363, we
discovered a star (pointed to by the arrow in the figure) which came out of anonymity in
1995 to become the brightest star in its galaxy. Images and spectra obtained with the
Hubble Space Telescope revealed that NGC 2363-V1 is a very massive star undergoing
a phase of major instability (called an LBV giant eruption) near the end of its life. Very
few of these "Luminous Blue Variable" stars are known, and even fewer have been
observed to go through a major eruption. During this phase, the star loses up to a few
times the mass of the Sun. Studying the spectrum of this hot star in the ultraviolet is only
possible with a space telescope, and provides unique clues to understanding the
evolution of the most massive stars.
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Hubble Space Telescope WFPC2 Imaging of Cassiopeia A

R. A. Fesen, J. A. Morse, R. A. Chevalier, K. J. Borkowski, C. L. Gerardy,
S. S. Lawrence, S. van den Bergh
2001, Astronomical Journal 122, 2644

High-resolution, WFPC2 HST images provide the first look at the fine-scale structure of
metal-rich ejecta in this young SNR from a core-collapse SN. Our main conclusions
include the following:

Considerable fine-scale detail is observed in the reverse-shocked ejecta. Both
bright and faint emission features appear highly clumped with little in the way of a
smooth, diffuse emission component detected. The origin of some curved
structures and filaments may be due in part to bubbles of radioactive Ni-rich
ejecta compressing nonradioactive material into planar-like features.

Strong differences in [S Ill] and [O lll] line intensities indicating large chemical
abundance differences are seen, particularly in knots located along the bright
northern limb and near the base of the northeast jet.
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Chandra Examines A Quadrillion-volt Pulsar

B. M. Gaensler, J. Arons, V. M. Kaspi, M. J. Pivovaroff, N. Kawai, K. Tamura
2001, Astrophysical Journal, 569, 878

This Chandra image gave astronomers their first view of the energetic and complex
nebula surrounding the young pulsar PSR B1509-58. The blue and purple colors
indicate X-rays emitted by high-energy particles of matter and anti-matter which stream
away from the pulsar. The pulsar itself is the dominating bright white source at the center
of the nebula.

A thin jet, almost 20 light years in length, extends to the lower left, and traces a beam of
particles being shot out from the pulsar's south pole at more than 130 million miles per
hour. Just above the pulsar can be seen a small arc of X-ray emission, which marks a
shock wave produced by particles flowing away from the pulsar's equator.

The green cloud near the top of the image is due to multimillion degree Celsius gas. This
gas, possibly a remnant of the supernova explosion associated with the creation of the
pulsar, may have been heated by collisions with high-energy particles produced by the
pulsar.
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Great Ball of Hot Plasma

Y. Grosdidier, A. F. J. Moffat , G. Joncas, A. Acker
1998 Astrophysical Journal 506, L127
Y. Grosdidier, A. F. J. Moffat , S. Blais-Ouellette , G. Joncas, A. Acker
2001 Astrophysical Journal 562, 753

This H-alpha net line-emission HST image reveals fine structures never seen before in
such an intense stellar wind as here in M1-67 around the Wolf-Rayet star WR124, with
clumps, filaments and knots of bright gas flying into space at speeds of over 160 000
km/h. The central engine is a highly luminous star (blotted out due to overexposure),
itself a runaway moving even faster than this through space. This image has been very
popular, appearing in numerous magazines and books.
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A Pulsar with an X-Ray Tail

V.M. Kaspi, E. V. Gotthelf, B. M. Gaensler, M. Lyutikov
2001, Astrophysical Journal Letters, 562, 163

The Chandra X-Ray Observatory made the first X-ray detection of the radio pulsar PSR
B1757-24, also known as the "Duck" pulsar. Point-source emission is detected at the
pulsar position. There is also a faint tail extending nearly 20" east of the pulsar, in the
same direction as, and with comparable morphology to, the radio tail. Assuming the
point-source X-ray emission is from the pulsar's magnetosphere, the observed X-ray tail
represents only ~0.01% of the pulsar's spin-down luminosity. This is significantly lower
than the analogous efficiencies of most known X-ray nebulae surrounding rotation-
powered pulsars. Assuming a nonthermal spectrum for the tail photons, we show that
the tail is unlikely to be emission left behind following the passage of the pulsar but
rather is probably from synchrotron-emitting pulsar wind particles having a flow velocity
of 7000 km/s.
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Pulsar Wind Nebulae
Chandra X-Ray Observations of G11.2-0.3: Implicatio  ns for Pulsar Age

V. M. Kaspi, M. Roberts, G. Vasisht, E. Gotthelf, M. Pivovaroff, N. Kawai
2001, Astrophysical Journal, 560, 371

This observation of G11.2-0.3 reveals, for the first time, the highly asymmetric
morphology of pulsar wind nebula associated with this historic supernova remnant
(thought to be a result of the "guest star" witnessed by Chinese astrologers in A.D. 386).
Furthermore, we show, using the pulsar's central location and the fact that its spin-down
age grossly deviates from that inferred for the remnant, that pulsar spin-down ages are
unreliable, and that the pulsar's birth spin period must be close to its present period.
This result garnered considerable press attention, including articles in the New York
Times, Washington Post, National Post, and a national radio interview on US National
Public Radio (to name a small subset).
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Discovery of Complex Organic Compounds in the
Circumstellar Environment

S. Kwok, K. Volk , B. Hrivnak,
1999, Astronomy & Astrophysics, 350, L35

S. Kwok, K. Volk, P. Bernath
2001, Astrophysical Journal, 554, L87

Recent infrared spectroscopic observations by the Infrared Space Observatory have
found that organic compounds with both aromatic and aliphatic structures are being
produced in the circumstellar environment over time scales as short as several hundred
years. These results show that complex organic compounds are constantly being
synthesized by stars and ejected into the interstellar medium.

The figure shows a schematic diagram with examples of aliphatic sidegroups attached to

aromatic rings in organic compounds which were observed in the proto-planetary nebula
IRAS 22272+5435.
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RXTE/ASM Observations of the Gamma-Ray Source LSI + 61 303

D.A. Leahy
2001, Astronomy & Astrophysics, 380, 516

The Rossi X-ray Timing Explorer All-Sky-Monitor obtained long term observations of the
X-ray flux from LSI+61 303. Long term monitoring was essential to obtain a light-curve
for this X-ray faint 26-day binary. The light curve supports the inverse-Compton
interpretation of the X-ray emission and gives the first measurement of time of periastron
passage and of orbital eccentricity for LSI+61 303. It also places the phase of radio
outburst at orbital phase 0.4, consistent with a relativistic electron population expanding
outward from a young pulsar as it moves away from its stellar companion into less dense
regions of the stellar wind.
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X-Ray Observations of the Supernova Remnant (SNR) G 21.5-0.9

S. Safi-Harb, I. M. Harrus, R. Petre, G. G. Pavlov, A. B. Koptsevich, D. Sanwal
2001, Astrophysical Journal, 561, 308

Among the 230 catalogued SNRs, only 9 are classified as plerions, i.e. pulsar-wind
nebulae similar to the Crab and lacking an SNR shell. G21.5-0.9 is however a 2nd kind
plerion whose putative underlying pulsar remains to be found and whose spectral
properties differ from a typical Crab-like plerion. Chandra observations allowed the
discovery of a diffuse component, extended beyond the previously known radio and X-
ray plerion, and suggested to be the missing SNR shell. This study shows that the X-ray
spectrum of this diffuse emission is non-thermal, unlike what is expected from SNR
shells. We suggest that the extended component could be associated with the plerion
interacting with its surroundings and partly due to a dust scattering X-ray halo.

Chandra X-ray image of the plerionic SNR G21.5-0.9. Left is the soft (0.5-6 keV) X-ray band
image and right is the hard (6-10 keV) X-ray band image. The soft band image shows the newly
discovered extended non-thermal X-ray emission surrounding a pulsar-powered nebula.
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Space-VLBI Observations of OH Maser OH34.26+0.15:
Low Interstellar Scattering

V.I. Slysh, M.A. Voronkov, V. Migenes, K.M. Shibata, T. Umemoto, V.I. Altunin,
I.E. Val'tts, B.Z. Kanevsky, M.V. Popov, A.V. Kovalenko, E.B. Fomalont,
B.A. Poperechenko, Yu.N. Gorshenkov, B.R. Carlson, S.M. Dougherty , J.E. Reynolds,
D.R. Jiang, A.l. Smirnov, V.G. Grachev
2001, Monthly Notices Of The Royal Astronomical Society, 320, 217

This work reports on the pioneering observation of a maser source with a resolution of 1
milli-arcsecond at 1665 and 1667 MHz using the VSOP HALCA spacecraft in
conjunction with a global array of ground-based telescopes. The Canadian S2 VLBI
correlator possesses a unique spectral-line zoom mode that can be used to enable
extremely high spectral resolution of line spectra. In this case a spectral resolution of
488 Hz in a 16-MHz single channel bandwidth was achieved, corresponding to a radial
velocity resolution of 88 m/second (see figure). This high spectral resolution, revealed a
number of maser spots at a range of velocities around the main maser source. As a
consequence of the use of the VLBI technique, these OH maser spots are also spatially
resolved for the first time, revealing a brightness temperature lower-limit of 60 Mega-
kelvin, close to the absolute upper limit imposed by the stimulated transition-line
broadening, assuming an isotropic maser source.
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ISOCAM observations of the southern part of Orion B

A. Abergel, J. P. Bernard, F. Boulanger, D. Cesarsky, E. Falgarone, A. Jones,
M.-A. Miville-Deschénes , M. Perault, J.-L. Puget, M. Huldtgren, A. A. Kaas, L. Nordh,
G. Olofsson, P. André, S. Bontemps, M. M. Casali, C. J. Cesarsky, M. E. Copet,

J. Davies, T. Montmerle, P. Persi, F. Sibille
2002, Astronomy & Astrophysics, 389, 239

We present mid-infrared (5-18 micron) observations obtained with ISOCAM (the camera
of the Infrared Space Observatory) of the Orion B region, which includes the horsehead
nebula. These spectacular images of one of the most well-known nebulae reveal the
small scale filamentary structure of this photon-dominated region. Striking spatial
variations in abundance of small dust grains are detected, which provide strong
evidence of dust evolution from shielded molecular material to photo-ionised gas.

53



HST-NICMOS Imaging Survey of the Ophiuchus (Lynds 1  688) Cluster

L.E. Allen, P.C. Myers, J. Di Francesco, R. Mathieu, H. Chen, E. Young
2002, Astrophysical Journal, 566, 993

This survey was conducted as part of a special Cycle 7 HST campaign to maximize the
science output of the NICMOS camera before it prematurely ran out of cryogens in 1998.
We probed the darkest cores of the nearby Ophiuchus star-forming complex in the J and
H near-infrared bands and effectively doubled the known embedded cluster population
due to the high sensitivity. The new objects included 7 new brown dwarf candidates and
13 new multiple system candidates. Also revealed were 5 apparently edge-on disk
systems and 4 objects with irregular morphology due to HST's high resolution.
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A Search for M31 Globular Clusters

P. Barmby, J.P. Huchra
2001 Astronomical Journal, 122, 2458

P. Barmby, S. Holland, J.P. Huchra
2002 Astronomical Journal 123, 1937

R. Di Stefano, A. K. H. Kong, M. R. Garcia, P. Barmby, J. Greiner, S. S. Murray,
F. A. Primini
2002 Astrophysical Journal 570, 618

This paper is notable for using an exceedingly large collection of data from the HST
archive (datasets from over 50 different programs). The second figure shows a
Chandra ACIS-S spectral fit of one of the globulars Bo 375 to an absorbed power-law
plus blackbody model (N, = 3.35 x 10! cm?, a = 1.67, and kT = 0.80 keV). The
observed luminosity (0.37 keV) at 780 kpc is 4.2 x 10%® ergs s™.
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A Long Hard Look at MCG-6-30-15

A. C. Fabian, S. Vaughan, K. Nandra, K. Iwasawa, D. R. Ballantyne , J. C. Lee,
A. De Rosa, A. Turner, A. J. Young
2002, Monthly Notices Of The Royal Astronomical Society Letters, 335, L1

This is the most sensitive X-ray spectroscopic observation of a nearby active galaxy ever
made. The data from XMM-Newton show a clear example of a relativistically broadened
emission line from iron, implying that we are observing radiation from very close to the
central black hole. Modelling of the line profile gives the curious result that the emissivity
of the line increases at smaller radii. Are we witnessing extraction of energy from a
spinning black hole?
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HST/WFPC2 Observations of the Polar Ring Galaxy NG C 4650A

J. S. Gallagher, L. S. Sparke, L. D. Matthews, L. M. Frattare, J. English, A. L. Kinney,
E. lodice, M. Arnaboldi
2002 Astrophysical Journal, 568, 199

NGC 4650A is one of only 100 known polar-ring galaxies. The polar rings are most likely
the remnants of colossal collisions between two galaxies sometime in the distant past,
probably at least 1 billion years ago. During the collision the gas from a smaller galaxy
would have been stripped off and captured by a larger galaxy, forming a new ring of
dust, gas, and stars, which orbit around the inner galaxy almost at right angles to the
larger galaxy's disk. This is the vertical polar ring which we see almost edge-on in
Hubble's Wide Field Planetary Camera 2 image of NGC 4560A. Because the polar ring
extends far into the halo of NGC 4650A, it also provides a unigue opportunity to map
"dark matter" which is thought to surround most disk galaxies.
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Phase-Coherent Timing of Anomalous X-Ray Pulsars

F. P. Gavriil, V. M Kaspi
2002, Astrophysical Journal, 567, 1067

V. M. Kaspi, F. P. Gavriil , D. Chakrabarty, J. R. Lackey, M. Muno
2001, Astrophysical Journal, 558, 253

V. M. Kaspi, D. Chakrabarty, J. S. Steinberger
1999, Astrophysical Journal Letters, 525, L33

Using the Rossi X-Ray Timing Explorer, we demonstrated for the first time that
anomalous X-ray pulsars can be extremely stable rotators. Phase coherent timing with
residuals of under 10 milliperiods can be obtained over years, and they generally have
stable pulsed fluxes and pulse profile morphologies. As the nature of anomalous X-ray
pulsars was a long-standing problem (prior to our detection of bursts), these discoveries
strongly redirect and constrain models. In addition, we showed that one such source
had timing properties different from the others. This allowed us to suggest that it might
be a transition source between the AXP and soft gamma-ray repeater populations.

The figure shows average pulse profiles of three AXPs. Two cycles are plotted for clarity
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Magnetar-Like Bursts from an Anomalous X-ray Pulsar

F. P. Gavriil, V. M. Kaspi , P. M. Woods
2002, Nature, 419, 142

McGill researchers and a US collaborator have discovered soft-gamma-repeater-like
X-ray bursts from the anomalous X-ray pulsar 1E1048.1-5937, using the Rossi X-ray
Timing Explorer. This discovery provided long-sought-after confirmation that this class
of objects and the soft gamma repeaters share a common nature, namely that they are
magnetars. This discovery was made as part of our long-term monitoring program,
among the goals of which was to detect such outbursts. This result was highlighted on
the cover of Nature, was accompanied by a "News & Views" article, and received
significant media attention. (Note that we have since discovered a much more
spectacular outburst from a different AXP. We detected transient infrared emission in
data from the 8m optical/IR Gemini telescope, the first such event observed from an
isolated neutron star.
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Structural Parameters for Globular Clusters in NGC 5128

W. E. Harris, G. L. H. Harris, S. T. Holland, D. E. McLaughlin
2002, Astronomical Journal 124, 1435:

Globular star clusters are the oldest traceable stellar systems in galaxies, with ages up
to 13 Gigayears. This HST imaging study of the globular clusters in the halo of the
nearby giant elliptical galaxy Centaurus A (NGC 5128) shows for the first time that these
clusters have virtually identical physical structures (linear sizes, central concentrations,
luminosities) compared with the well-understood counterparts in our own Milky Way
galaxy. This provides prime new evidence that globular clusters represent a kind of
common thread in the early evolutionary and formation history of galaxies of very
different types.

Projected brightness distribution of four NGC5128 globulars, with fitted tidal radii and integrated
visual magnitudes indicated.
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Discovery of Cyclotron Resonance Features inthe So  ft Gamma Repeater
SGR1806-20

A. |l. Ibrahim, S. Safi-Harb , J. H. Swank, W. Parke, S. Zane, R. Turolla
2002, Astrophysical Journal, 574, L51

Soft gamma repeaters (SGRs) are a unique class of slowly rotating pulsars that glow
quietly in X-rays for several years and suddenly become vigorously active for a few
weeks to months, emitting hundreds of bright bursts of soft gamma rays. They also
occasionally emit giant super-Eddington flares that exhibit remarkable pulsations
revealing their spin periods and confirming their nature as rotating neutron stars. In
1992, R. Duncan and C. Thompson proposed that SGRs are magnetars, i.e. neutron
stars powered by magnetic field decay and whose magnetic fields are 100-1000 times
larger than a typical neutron star's dipolar field. Other scenarios invoking normal
magnetic fields have however been proposed. Cyclotron lines promise a direct
measurement of the neutron star's magnetic field. Here, SGR1806-20 was studied with
NASA's Rossi X-Ray Timing Explorer that allowed the discovery of a proton cylotron line
at 5 keV. The line energy implies a surface magnetic field of 10'° G, thus confirming the
magnetar model.

The RXTE spectrum of SG1806-20 fitted with a thermal bremstrahlung continuum model plus four
absorption lines. The 5 keV line, if interpreted as proton cyclotron feature, implies a magnetic field
of 10" G, in agreement with the theoretical prediction of Duncan and Thompson as well as the
estimate by C. Kouveliotou determined from the spin-down behavior of the neutron star.
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The X-ray light Curve of the Exotic Stellar System GX301-2

D.A. Leahy
2002 Astronomy & Astrophysics Letters, 319, L219

The Rossi X-ray Timing Explorer All-Sky-Monitor has allowed long term observations of
the X-ray flux from the supergiant-neutron star binary GX301-2. The flux rises and falls
regularly around the eccentric orbit (upper figure) which provides strong evidence for an
Archimedes-spiral type of mass loss from the supergiant which the neutron star crosses
through twice per orbit. The lower figure pair provides snapshot views of the spiral mass
loss stream at the 2 instances when the crossing takes place (left panel and right panel
are for two extremes of the possible inclination of the binary system).
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Modelling X-Ray Observations of the 35-day Cycle in Her X-1

D.A. Leahy
2002 , Monthly Notices Of The Royal Astronomical Society, 334, 847

Her X-1, a neutron star in close orbit around an A star, shows an amazingly regular 35-
day flux cycle in addition to its 1.7 day orbit. The Rossi X-ray Timing Explorer All-Sky-
Monitor has allowed for the first time, excellent measurement of the 35-day light curve.
The cycle is thought to be due to a precessing accretion disk (upper figure) which
obscures the central neutron star twice per precession period. This is the first detailed
modeling of the 35-day light curve to be carried out and shows in detail the structure of
the disk inner and outer edges as well as its general geometry. The lower figure shows
the observations as well as the contribution by the neutron star ("central source") as it is
covered and uncovered by the disk and by the illuminated inner surface of the inner
edge of the disk ("ring").
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Discovery of a Star Formation Region in Abell 2052

A. R. Martel, W. B. Sparks, M. G. Allen, A. M. Koekemoer, S. A. Baum
2002, Astronomical Journal, 123, 1357

We report the discovery of an ultraviolet filament detected in a new Space Telescope
Imaging Spectrograph (STIS) NUV-MAMA image of the ¢cD galaxy UGC 9799, located in
the cooling-flow cluster Abell 2052 and host to the radio source 3C 317. Only a few x10*
solar masses of young stars or a star formation rate of ~10° Ms,, yr' is required to

produce the feature. Merger with a satellite galaxy is most likely the trigger for the
starburst regions.

64



ISOCAM Observations of the Ursa Major Cirrus; Evide  nce for Large
Abundance Variations of Small Dust Grains

M.-A. Miville-Deschénes , F. Boulanger, G. Joncas , E. Falgarone
2002, Astronomy & Astrophysics, 381, 209

From the comparison of ISOCAM (5-18 microns) and HI (21 cm) interferometric
observations of a diffuse interstellar cloud we have identified large abundance variations
of small dust grains linked to the dynamical and chemical state of the gas. For the first
time, we bring observational evidence of the spectacular effect of interstellar turbulence
on the coagulation and fragmentation of dust grains. The fast evolution of dust grains
observed here raises important questions on the evolution of the diffuse interstellar
medium and particularly on the formation of long-lasting molecular clouds. The lower
figure shows the column density estimates of H1 at four wavebands as measured in the
region of box-A in the upper figure. The upper figure is a composite of data from IRAS
and contours showing CO emission.
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Power Spectrum of the Cosmic Infrared Background at 60 and 100 microns
with IRAS

M.A. Miville-Deschénes , G. Lagache, J.-L. Puget
2002, Astronomy & Astrophysics, 393, 749

Based on a power spectrum analysis of IRAS data in 12 very faint regions of the sky,
we present the first detection of the Cosmic far-Infrared Background (CIB) fluctuations
at 60 and 100 microns, almost 20 years after the data were obtained. We show that
when the contributions of interstellar dust, point sources and noise are carefully removed
from the observed power spectrum, there is still a power excess that is the signature of
the CIB fluctuations. The detections reported here give strong constraints on the
evolution of the IR luminosity function of galaxies.
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Galactic Starburst NGC 3603 from X-Rays to Radio

A. F. J. Moffat , M. F. Corcoran, |. R. Stevens, G. Skalkowski , S. V. Marchenko ,
A. Micke, A. Ptak, B. S. Karibalski, L. Brenneman, R. Mushotzky, J. M. Pittard,
A. M. T. Pollock, and W. Brandner
2002, Astrophysical Journal, 573, 191

This unique multi-wavelength (X-ray:Chandra, optical: HST + ground, radio: ATCA array)
study at high spatial resolution on the Galaxy's densest young visible starburst NGC
3603 allows one to identify sources among the intrinsically brightest and most massive
stars known in Nature right to the very central core. The most surprising result is the
correlation of X-ray/optical/radio flux of these stars, but with a very high level of scatter,
whose origin remains a total mystery. The bottom figure is a zoom of the red box seen
in the two upper figures: Green are Chandra sources, Red are optical, and yellow (with
blue identifications) are X-ray/optical overlaps. The upper figures show identified stellar
sources, with blue radio contours. The three sources labeled P1, P2, P3, are regions of
massive star formation.
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First Results from FUSE on the Galactic Deuterium A bundance

H.W. Moos, K. R. Sembach, A. Vidal-Madjar, D. G. York, S. D. Friedman, G. Hébrard, J.
W. Kruk ,N. Lehner M. Lemoine ,G. Sonneborn ,B. E. Wood' T. B. Ake ,M. André, W.
P. Blair, P. Chayer, C. Gry, A. K. Dupree, R. Ferlet, P. D. Feldman, J. C. Green, J.

C. Howk, J. B. Hutchings , E. B. Jenkins, J. L. Linsky, E. M. Murphy, W.R. Oegerle,
C. Oliveira, K. Roth, D. J. Sahnow, B. D. Savage, J. M. Shull, T. M. Tripp, E. J. Weiler, B.
Y. Welsh, E. Wilkinson, and B. E. Woodgate
2002, Astrophysical Journal Supplement, 140, 3

The measurement of the ratio of deuterium to hydrogen is of particular importance
because it provides a constraint on the primordial ratio D/H, an indicator of the cosmic
baryon density. The figure shows D/H as a function of distance for the seven FUSE sight
lines (squares). The FUSE results are also compared to previous determinations by
IMAPS (circles), HST (triangles), and Copernicus (diamonds). The D/H ratio determined
by FUSE is 1.52 x 10 and is compatible with Big Bang models.
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BOOMERANG Measures the Multiple Peaks in the Angula  r Power Spectrum
of the Cosmic Microwave Background

C. B. Netterfield, P. A. R. Ade, J. J. Bock, J. R. Bond, J. Borrill, A. Boscaleri, K. Coble,
C. R. Contaldi, B. P. Crill, P. de Bernardis, P. Farese, K. Ganga, M. Giacometti,

E. Hivon, V. V. Hristov, A. lacoangeli, A. H. Jaffe, W. C. Jones, A. E. Lange, L. Martinis,
S. Masi, P. Mason, P. D. Mauskopf, A. Melchiorri, T. Montroy, E. Pascale, F. Piacentini,
D. Pogosyan, F. Pongetti, S. Prunet, G. Romeo, J. E. Ruhl, F. Scaramuzzi
2002 Astrophysical Journal 571,604

BOOMERANG is a balloon-borne mm-wave telescope designed to measure
anisotropies in the Cosmic Microwave Background (CMB). This balloon-borne
experiment has revolutionised the field of cosmic microwave background anisotropy
measurements, and cosmology, as was widely reported in the popular media. The
results from our highly successful Long Duration Balloon (LDB) flight in 1998/1999 have:
confirmed that the angular spectrum of the cosmic microwave background is
consistent with inflationary/adiabatic hot Big Bang cosmology
confirmed that the Universe is geometrically very close to flat
confirmed that the baryon content of the Universe is small, consistent with light
element abundance measurements
when used in combination with Large Scale Structure measurements, confirmed
that the energy density of the universe is dominated by a 'dark energy' term,
consistent with measurements of Type la supernova.
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The Beginning of the End: Hubble Space Telescope Im  ages of
Seyfert's Sextet

C. Palma, S. G. Zonak, S. D. Hunsberger, J. C. Charlton, S. C. Gallagher, P. R. Durrell,
J. English
2002, The Astronomical Journal, 124, 2425

This study, using NASA's Hubble Space Telescope (and the Wide Field and Planetary 2
camera), examines a group of 4 galaxies which are so tightly packed together that
gravitational forces are beginning to rip stars from them and distort their shapes. In fact,
one of the distorted shapes was thought originally to be a galaxy, and the 6th galaxy is
actually in the background rather than part of the group. The lack of star-forming clusters
suggests that there is something different about Seyfert's Sextet compared with other
systems of compact galaxies which have many young star clusters. Astronomers may
be seeing the sextet at the beginning of its interaction, before much has happened.
However the galaxies in Seyfert's Sextet will continue to interact, and eventually, billions
of years from now, all four may merge and form a single galaxy.
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FUSE Atlas of OB Stars in the Milky Way

A. Pellerin, A. W. Fullerton, C. Robert, J. C. Howk, J. B. Hutchings, N. R. Walborn,
L. Bianchi, P. A. Crowther, G. Sonneborn
2002, Astrophysical Journal Supplement, 143, 159

This atlas presents high-resolution, far-ultraviolet spectra for 45 Galactic O- and B-type
stars obtained with FUSE. It is the most comprehensive atlas of far-ultraviolet spectra
published to date. It illustrates the systematic trends in the behaviour of stellar features,
and also serves as a guide to identifying the multitude of interstellar lines found in the
FUV region of the spectrum. Below is a sample from the hottest known type of star in
Nature (top) to cooler stars (lower).
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Hubble Uncovers Oldest "Clocks" in Space to Read Ag e of Universe

H. B. Richer, J. Brewer , G. G. Fahlman, B. K. Gibson, B. M. Hansen, R. Ibata,
J. S. Kalirai, M. Limongi, R. M. Rich, I. Saviane, M. M. Shara, P. B. Stetson
2002, Astrophysical Journal Letters 574, L151

B. M. S. Hansen, J. Brewer, G. G. Fahlman , B. K. Gibson, R. |bata, M. Limong;i,
R. M. Rich, H. B. Richer, M. M. Shara, P. B. Stetson
2002, Astrophysical Journal Letters 574, L155

Pushing the limits of its powerful vision, NASA's Hubble Space Telescope has
uncovered the oldest burned-out stars in our Milky Way Galaxy. These extremely old,
dim stars provide a completely independent reading of the universe's age without relying
on measurements of the universe's expansion. The ancient white dwarf stars, as seen
by Hubble, turn out to be 12 to 13 billion years old. Because earlier Hubble observations
show that the first stars formed less than 1 billion years after the universe's birth in the
big bang, finding the oldest stars puts astronomers well within arm's reach of calculating
the absolute age of the universe.
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FUSE Atlas of OB Stars in the Magellanic Clouds

N. R. Walborn, A. W. Fullerton, P. A. Crowther, L. Bianchi, J. B. Hutchings,
A. Pellerin, G. Sonneborn, A. J. Willis
2002, Astrophysical Journal Supplement, 141, 443

This atlas presents high-resolution, far-ultraviolet spectra obtained with FUSE for 47 O-
and B-type stars in the Large and Small Magellanic Clouds. It provides the clearest
illustration to date of the systematic trends in the stellar wind features found in this
region of the spectrum, some of which are due to elements and ionization states
uniquely accessible to FUSE. It also highlights differences in the appearance of stellar
wind features for objects in the SMC, which are attributable to reduced metallicity. The
upper panel shows spectra of progressively hotter stars (upwards) in the SMC, the lower
panel for the LMC.
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New Constraints on Supernovae from Chandra

M. Gonzalez, S. Safi-Harb
2003, Astrophysical Journal, 583, L91

Chandra was used to study in X-rays a newly discovered pulsar wind nebula and its
associated supernova remnant. The exquisite imaging capability of Chandra combined
with its spectral capabilities over the 0.5-10 keV band allowed us to determine the
intrinsic properties of the explosion: its energy, its age, and the progenitor star's mass.

This is the Chandra image of Supernova Remnant G292.0+1.8. Red is soft X-rays, green is
medium energy X-rays, and blue is hard X-rays. The clumpy X-ray emission is dominated by
thermal emission from the shock-heated ejecta. The blue nebula near the SNR center is a newly
discovered pulsar wind nebula revealing an underlying pulsar (J1124-5916).
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Coronagraphic Imaging of the Quasar 3C 273 with the
Advanced Camera for Surveys

A. R. Martel, H. C. Ford, H. D. Tran, G. D. lllingworth, J. E. Krist, R. L. White,
W. B. Sparks, C. Gronwall, N. J. G. Cross, G. F. Hartig, M. Clampin, D. R. Ardila,
F. Bartko, N. Benitez, J. P. Blakeslee, R. J. Bouwens, T. J. Broadhurst, R. A. Brown,
C. J. Burrows, E. S. Cheng, P. D. Feldman, M. Franx, D. A. Golimowski, L. Infante,
R. A. Kimble, M. P. Lesser, W. J. McCann, F. Menanteau, G. R. Meurer, G. K. Miley,
M. Postman, P. Rosati, M. Sirianni, Z. I. Tsvetanov, W. Zheng
2003, Astronomical Journal, 125, 2964

The nearby and luminous QSO 3C 273 was imaged with the High Resolution Channel
(HRC) of the Advanced Camera for Surveys (ACS) in coronagraphic mode. These
images offer the most detailed view yet of the morphology and colors of the host galaxy
of this relatively nearby QSO. Several new features, such as a dust lane, spiral
structure, and a blue arc are resolved and previously known structures are seen in
unprecedented detail.
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Submillimetre Emission from Water in the W3 Region

C. D. Wilson, A. Mason, E. Gregersen , A. O. H. Olofsson, P. Bergman, R. Booth,
N. Boudet, V. Buat, C. L. Curry , P. Encrenaz, E. Falgarone, P. Feldman, M. Fich,
H. G. Floren, U. Frisk, M. Gerin, J. Harju, T. Hasegawa, A. Hjalmarson, M. Juvela,
S. Kwok, B. Larsson, A. Lecacheux, T. Liljestrom, R. Liseau, K. Mattila, G. Mitchell ,
L. Nordh, M. Olberg, G. Olofsson, L. Pagani, R. Plume, I. Ristorcelli, Aa. Sandgvist,
G. Serra, N. Tothill , K. Volk, F. von Scheele
2003, Astronomy & Astrophysics Letters, 402, 59L

The Odin satellite has recently mapped strong water lines in the Galactic star-forming
region known as W3. The map shows intriguing and unexpected variations in the shape
of the water lines across this region, which is forming young, massive stars. Most
surprising is the difference between the water lines from the bright infrared source
known as IRS5 (at the center of the map), which are double peaked, and the lines from a
similar infrared source IRS4 (to the right of the map), which are single peaked and
relatively narrow. The strength of the water lines near W3 IRS4 suggests that for this
source, we may be seeing water emission that has been enhanced via ultraviolet
photons from young massive stars. Odin is an astronomy/aeronomy satellite that is an
international collaboration between Sweden, Canada, France, and Finland.

Artist's conception of Odin
in orbit
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Observations of Water Isotopes in Comet Ikeya-Zhang by the Odin Satellite

A. Lecacheux, N. Biver, J. Crovisier, D. Bockelée-Morvan, P. Baron, R. S. Booth,
P. Encrenaz, H.-G. Florén, U. Frisk, A. Hjalmarson, S. Kwok, K. Mattila, L. Nordh,
M. Olberg, A. O. H. Olofsson, H. Rickman, Aa. Sandqvist, F. von Schéele, G. Serra,
S. Torchinsky, K. Volk, A. Winnberg
2003, Astronomy & Astrophysics Letters, 402, L55

Two isotopic lines of water in comet Ikeya-Zhang were observed in parallel by using two of the
four sub-millimetre receivers on Odin. The signal at 556.9GHz is produced by the common
isotope of water: H,'°0. The signal at 547.7GHz is produced by the heavier isotope of water:
H,'®0 which, as expected, is very weak (0.24 K km/s). The measurement of the H,"°O/H,"°0
ratio in comet lkeya-Zhang is in agreement with that measured in terrestrial oceans (500), and
confirms measurements done in comet Halley. This result is not surprising. With only a very few
exceptions, all bodies in the Solar System show a H,"°O/H,™0 ratio similar to the terrestrial one.
Differences by an amount of 5% at maximum can be observed in some meteorites. Such
variations can be explained by slight differences in nucleo-synthesis sources producing o)
(mainly supernovae), near the Solar System formation region.
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Space VLBI Images the Nuclear Outbursts of Giant Ga  laxies

W.K. Scott , E. B. Fomalont, S. Horiuchi, J. E. J. Lovell, G. A. Moellenbrock,
R.G. Dodson, P. G. Edwards, S. Fodor, S. Frey, L. I. Gurvits, H. Hirabayashi,
M. L. Lister, L. Mosoni, Z. Paragi, G. Piner, Z. Shen, A. R. Taylor , S. J. Tingay

2003, Astrophysical Journal Supplement, submitted

The goal of the survey is to image the 300 most intense sources of radiation in the
Universe. The nuclei of the most active galaxies and quasars are thought to harbour
supermassive black holes, evidenced by twin jets of radiating plasma ejected from the
nucleus at velocities close to the speed of light. The HALCA spacecraft, in concert with
networks of radio telescope around the globe, images these cores at a level of detail
impossible from the surface of the Earth alone. The two figures below show images of
the central core of M87, a giant galaxy located 60 million light-years from Earth, at the
heart of the nearest large galaxy cluster, the Virgo Cluster. The first Figure is the image
obtained by using only ground-based telescopes, the second Figure is the VSOP Survey
image. With space VLBI we are able to see that this jet results from rapid, continuous
ejection of discrete massive "bullets" of hot plasma, each less than 4000 Astronomical
Units (less than 20 light days) across. The source of the jet is thought to be a black hole
with a mass greater than a billion Suns, contained within the bright object on the left side
of the image. An artist's depiction of the region around the black hole is shown in the
bottom figure.
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Colliding Winds as Seen in the UV

N. St-Louis, A.F.J. Moffat, S.V. Marchenko, J.M. Pittard
2003, Astrophysical Journal, submitted

Time-resolved far-UV FUSE spectra of the Oxygen-rich WR star in the SMC orbiting its
normal massive companion show remarkable effects due to the collision of hot stellar
winds, which can be traced along the bow shock that forms around the star with the
weaker wind. FUSE is particularly useful to trace very highly ionized material towards
the head of the shock cone. The grey scale figure shows the snake-like motion of OVI
line emission as the orbit digresses. The cartoon shows the wind collision zone between
the WR (smaller black dot) and the O star.
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