International Ultraviolet Explorer Probes the

Universe

New satellite telescope sheds light on many astronomical processes

The International Ultraviolet Explorer
(IUE), launched 26 January 1978, al-
ready has broadened the horizons of ul-
traviolet astronomy. In the scant year
since the telescope has been available to
astronomers, it has achieved an assort-
ment of firsts—including the first ul-
traviolet (UV) observation of a super-
nova, the first high-resolution UV spec-
trum of a star in another galaxy, and the
first evidence that acetylene is present in
the upper atmosphere of Saturn.

Data from the ITUE may help astrono-
mers answer important questions. For
example, fortuitous eruptions have al-
lowed the TUE to follow the outbursts of
both a classical nova and a recurrent
nova. The time course of UV emissions
for the recurrent nova, WZ Sagittae
(known to explode every 33 years), dif-
fers from that of more brilliant classical
novas—good evidence that the two phe-
nomena are not the same in mechanism
or magnitude.

Ground-based telescopes cannot de-
tect UV light from space, because UV
cannot penetrate far into the earth’s at-
mosphere. Therefore, UV astronomy is
a young field, having been born in the
1950’s when rockets and balloons carried
the first small UV sensors aloft. Exten-
sive UV surveys have been possible only
during the past 10 years, when special
telescopes were carried aboard a few sat-
ellites. The still-operating third Orbiting
Astronomical Observatory, dubbed Co-
pernicus, is the most successful and
long-lived of these. It covers much of the
ultraviolet, down to 950 angstroms, with
high resolution (0.1 angstrom). How-
ever, none of the early instruments was
sensitive enough to detect absorption or
emission lines from dim and distant
sources. That shortcoming does not ap-
ply to the IUE. It can produce high-qual-
ity spectra of objects more than a hun-
dred times fainter than could be ob-
served with previous UV telescopes.

The TUE is the first satellite telescope
that allows astronomers to make deci-
sions to modify immediately the future
course of the observing program. Scien-
tists visit a control center and see their
target’s spectrum first hand, displayed
on a color television in the IUE control
room, as soon as an observation is com-
pleted.
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Much diverse information is already
available from the IUE, in part because
more than a hundred astronomers have
been allotted observing time in order to
pursue projects of their own interest. As-
tronomers sponsored by the National
Aeronautics and Space Administration
(NASA) control the IUE for 16 hours
each day from an observatory at
NASA’s Goddard Space Flight Center in
Greenbelt, Maryland. Scientists ap-
proved by the United Kingdom Science
Research Council and the European
Space Agency (ESA) operate the tele-
scope the remainder of a 24-hour work-
ing day from ESA’s tracking station in
Villafranca, Spain.

The TUE transmits to a ground station
an image of the spectral output of an as-
tronomical object, rather than an image
of the object itself. Prior satellites car-
ried spectral instruments that scanned
through the spectrum one wavelength at
a time. In contrast, the IUE records si-
multaneously the entire spectrum in one

of the IUE allow astronomers to choose
objects for study on the basis of their sci-
entific interest, rather than because they
are close and bright.

The TUE has made it possible for as-
tronomers to observe in detail the UV
spectra of cool stars, with surface tem-
peratures less than 7000 degrees Kelvin.
Such stars are of great interest, in part
because the sun is one. Emission lines in
the UV spectrum of cool stars can be
identified with specific molecules,
atoms, or ions, thereby giving astrono-
mers clues to the composition and tem-
perature of the low-density gas in the
stellar atmosphere.

Cool stars appear to have at least two
differing types of atmospheres. Accord-
ing to Jeffrey L. Linsky and Bernhard M.
Haisch at the Joint Institute for Labora-
tory Astrophysics in Boulder, Colorado,
one type is like the sun, with a cool,
lower atmosphere grading outward into a
million-degree Kelvin corona; a second
type lacks any material hotter than

IUE allows astronomers to choose objects
for study on the basis of their scientific
interest, rather than because they are close

and bright.

of two available wavelength regions.
For each range (either 1150 to 1950
angstroms or 1900 to 3200 angstroms), a
grating splays out the incoming light ac-
cording to its wavelength, and distrib-
utes it over the detector. When only one
grating, called the cross-dispersing grat-
ing, is used, astronomers can observe
very faint targets, but the spectral reso-
lution is only 8 angstroms. By allowing
the dispersed light to strike a second
grating, known as an echelle grating, the
spectral resolution is improved to 0.2
angstrom.

Exposure times of several hours per-
mit the IUE to record spectra of quite
faint or distant objects. However, even
the shortest exposures are several sec-
onds long, so the IUE is not suited to
studying very rapid variations in a
source’s light output. Nonetheless, the
high sensitivity and excellent resolution

20,000 degrees Kelvin. Andrea K. Du-
pree and her colleagues at the Harvard
Smithsonian Center for Astrophysics
think they have also observed cool stars
with an intermediate type of atmo-
sphere—hot gas is definitely present, but
compared with the sun, there are unusu-
ally strong emissions from low-temper-
ature material.

To explain the lack of a high-temper-
ature corona in some cool stars, the as-
tronomers postulate that an extremely
strong ‘‘wind,”’ carrying away mass pos-
sibly a million times faster than the solar
wind, keeps a hot corona from forming.
Linsky suggests that the wind might be
driven by radiation pressure from pho-
tons emitted by hydrogen atoms near the
surface of the star, although this mecha-
nism has not yet been proved. These
photons bombard the gas particles in the
atmosphere and accelerate them. The
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The International Ultraviolet Explorer (IUE)
appears nearly stationary in the sky in its el-
liptical orbit 25,000 to 45,000 Kilometers
above the surface of the earth. From its van-
tage point the IUE can observe much of the
heavens—only small sections, blocked by the
earth or too close to the sun, cannot be exam-
ined. [Source: National Aeronautics and
Space Administration]

cool stars lacking coronas have a gravita-
tional field perhaps a thousand times
weaker than that of the sun—not strong
enough to keep the rapidly moving parti-
cles in the atmosphere.

Mass loss, in the form of winds, is a
key process in the evolution of near-
neighbor, interacting pairs of stars,
known as binary stars. According to Yoji
Kondo at Goddard, data from the IUE
are enabling astronomers to document
mass flow in binary star systems direct-
ly. In at least some cases, the stellar
wind appears to be quite gusty—mass
flow occurs in puffs rather than at a con-
stant rate. In addition, says Kondo,
much of the stellar wind material may be
lost completely from the binary system,
rather than accreted to the companion.
In the case of U Cephei, the wind ejected
from one star appears to shoot toward
and around the companion “before
streaming into space.

Although many interesting processes,
such as x-ray emission and the outbursts
of novas, are frequently associated with
star pairs, binary stars are by no means
oddities of the heavens. At least in our
part of the galaxy more than half the
stars are known to be members of bi-
naries. So-called peculiar binaries, how-
ever, attract more than their share of at-
tention with their eccentric behavior or
appearance.

864

Miroslav Plavec of the University of
California at Los Angeles has found a
very hot (25,000 degrees Kelvin) star
hiding inside one of the stars in a type of
binary recognized as peculiar on the
basis of its visible light emissions. These
emissions suggested that it was a yellow
star (7000 degrees Kelvin) with some

anomalous and previously unexplained .

spectral features due to much hotter ma-
terial. With the IUE, Plavec has deter-
mined that the apparent yellow star in
binaries like W Serpentis or SX Cas-
siopeiae is really just a dense disk of
cool material nearly engulfing a hot,
“‘blue’’ star. Only the poles of the blue
star peek above and below the disk to
produce the ‘‘hot’’ features seen in the
star’s visible light spectrum.

In addition to revealing the blue star,
the UV emissions suggest the presence
of ions usually found in gas at 100,000 to
200,000 degrees Kelvin. Could this mean
that the star is like a set of nesting Rus-
sian dolls, with an even hotter source,
perhaps a collapsed object, hiding inside
the blue star? Possibly, says Plavec. But
more likely the high ionization states are
produced when the cool disk is bombard-
ed by a concentrated stream of particles
comprising the tremendous wind from
the cool, invisible companion star. In
fact, if there is a huge mass transfer, it
would help to explain the thick, cool disk

of matter that surrounds the hot star.

According to Plavec, W Serpentis and
SX Cassiopeiae may be in a very short-
lived, early stage in the evolution of star
pairs. Binaries probably start as two or-
dinary neighboring stars, each evolving
and expanding on its own. When one
reaches a so-called critical volume, it
starts losing mass to its companion. Pla-
vec imagines that initially matter is trans-
ferred at an incredible rate—perhaps a
thousand times faster than it is trans-
ferred in more normal binaries. Since on-
ly a handful of these peculiar binaries are
known, they are assumed to represent a
short-lived phase in the life of a binary.

Some members of binary systems
seem to explode, suddenly ejecting a
shell of material and brightening signifi-
cantly. A classical nova may brighten
briefly by a factor of around 50,000 or
more to become one of the brightest ob-
jects in the sky; while a recurrent nova,
so called because the same star has been
observed to erupt periodically, is less
spectacular and may become only a
thousand times brighter than normal.
The flexibility afforded by continuous
ground -control of .the IUE allowed re-
searchers to divert the telescope to take
advantage of two fortuitous stellar out-
bursts. Nova Cygni 1978 exploded in

November, and WZ Sagittae, which had
brightened in 1913 and 1946, brightened
again in December 1978. The eruption of
WZ Sagittae permitted the IUE to make
the first UV observations of a recurrent
nova.

In classical novas, material is thought
to be permanently ejected from the star.
The UV emissions of WZ Sagittae, how-
ever, suggest to Albert Boggess at God-
dard that the recurrent nova’s outburst is
smaller and that the ejected gas may re-
turn to the star. The visible-light emis-
sions for both types of explosions are es-
sentially indistinguishable, and have led
astronomers to wonder whether the size
of the eruption might be the primary dif-
ference between the two types of novas.
However, the different kinds of novas
have different UV signatures. Boggess
reports that the UV output of the recur-
rent nova, WZ Sagittae, follows its vis-
ible-light output closely—the UV and
visible intensities both peak within sev-
eral hours of the explosion. In contrast,
the maximum UV brightness of a classi-
cal outburst, like Nova Cygni 1978, typi-
cally occurs about a month after the peak
visible-light intensity.  Astronomers
think the delay in the UV peak intensity
of the nova eruption is caused by the
cool, massive, UV-opaque shell of

_ejected mass—it must expand to a lower

density before the UV emissions from
hotter regions inside the nova can es-
cape. ‘

Ultraviolet radiation is intermediate in
energy between visible light and x-rays,
and the IUE is proving to be an informa-
tive probe of x-ray sources. These in-
clude binary star systems and also globu-
lar clusters, dense groups of up to sever-
al hundred thousand unifogmly old stars.
No new star formation is thought to be
occurring in the spherical clusters, which
are located in the so-called halo of our
galaxy—above and below the main ga-
lactic plane. In the early 1970’s x-ray de-
tectors aboard satellites observed that
some, but not all, globular clusters in-
cluded an x-ray source. Surprisingly, x-
ray sources seem to be a thousand times
more common in globular clusters than
they are in the main plane of the galaxy.
More recently, astronomers discovered
that many of the x-ray sources in the
globular clusters are bursters—objects
whose power output increases tenfold in
1 second, and then returns to normal
over the next 10 seconds. Recognizing
bursters is a matter of luck, because their
outbursts are short, erratic, and occa-
sional.

Astronomers are curious about globu-
lar. clusters in general and their x-ray
sources in particular. Since the x-ray

SCIENCE, VOL. 203



emissions were first discovered, pro-
posed explanations have included com-
pact sources like black holes (several
times as heavy as the sun) and neutron
stars (about equal to the sun in mass).

With the TUE, Dupree and Herbert
Gursky at Harvard have found hot, blue
stars near the centers of several globular
clusters. These stars appear to be later
evolutionary stages of the cool, red giant
type of star observed to be on the outside
of each cluster. According to Gursky,
one fascinating feature of the distribution
of the hot stars is that they are grouped
very tightly near the center of cluster.
The localized distribution of hot stars is
one more feature of globular clusters that
must be explained by theorists. Gursky,
a self-proclaimed black hole enthusiast,
has not been able to see how a black hole
at the center of the cluster might explain
the distribution of hot stars. However,
he proposes that the motions of these hot
stars, circulating around the center of the
globular cluster, might give astronomers
clues to the nature of the core of the clus-
ter. Unfortunately, the IUE has in-
sufficient spatial resolution, only 3 arc
seconds, to unravel the inner dynamics
of globular clusters.

In one globular cluster, the Harvard
group feels it may have located the x-ray
source. A small, UV-bright object has
unusual emissions in the short-wave-
length end of the IUE’s range. The emis-
sions do not resemble spectral lines, nor
do they appear to have a spectral profile
characteristic of the glowing of a hot ob-
ject. Gursky suspects that the radiation
may be a UV extension of the x-ray
emissions themselves.

Ultraviolet can also be used to probe
the invisible, low-density gas pervading
the space between stars—the interstellar
medium. A chemical species in the gas
preferentially absorbs light with the right
amount of energy to raise an electron to
a higher energy state. Thus, light shining
through the gas, as from a distant, hot
star, is observed to be lacking certain
wavelengths. These are the wavelengths
absorbed by the interstellar gas, and the
line absorptions give astronomers clues
to the elements and ionization states
present in the interstellar medium.

Blair D. Savage and Klaas S. de Boer
at the University of Wisconsin in Madi-
son report that there is interstellar mate-
rial in the outer halo of the galaxy, and
that it seems to be very hot—suggestive
of what they call a *‘galactic corona.”’ To
look at this region of space, Savage and
de Boer had to use backlighting from in-
dividual stars in the Large Magellanic
Cloud, a nearby galaxy. Absorption lines
imposed on the spectra of these stars,
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The detector images from two exposures of the low-resolution, short-wavelength UV spectrum
of AM Herculis appear as faint diagonal lines in this photograph of the television screen in
the IUE control room. Strong emission lines appear as bright spots on each spectral image.
For the superimposed graph the digitized data from one exposure have been replotted as a
recognizable spectrum, with intensity graphed against wavelength. AM Herculis is a binary
star system with an orbital period of about 3 hours, and the astronomers are interested in

- determining how the UV emissions change with the orbital phase. The scientists took ad-
. vantage of the IUE’s two apertures (a field of 3 arc seconds and a field of 20 arc seconds) to

make two sequential 45-minute exposures, and thereby catch the system in two different
phases. Emission lines in the spectrum have been identified with highly ionized species, in-
cluding N**, Si**, and C?*, whose electrons presumably have been ripped off by the X-rays
emitted by the binary system. [Source: Harvard Smithsonian Center for Astrophysics)

the first high-resolution UV spectra of
stars in another galaxy, reveal the pres-
ence of highly ionized material, in-
dicating temperatures of about 100,000
degrees Kelvin. Broadening and Doppler
shifting of the lines indicates that the hot
gas probably is located in the galactic
halo, far above the main plane of the gal-
axy. The halo gas might be kept hot by
occasional supernova explosions in the
galaxy.

Planetary astronomers are quite ex-
cited about the capabilities of the tele-
scope. The aperture of 3 arc seconds, too
coarse to follow the motions of stars in
globular clusters, is excellent for study-
ing spatial variations in the upper atmo-
sphere of Jupiter. The atmospheres of
objects in our own solar system are
thought to be excellent laboratories for
studying the photochemical processes
that build complicated organic mole-
cules—the basis of life on earth. Fortu-
nately, many organic molecules have
distinctive UV signatures. Already War-
ren Moos at Johns Hopkins University
has evidence that there is acetylene in
the upper atmosphere of Saturn. It is the
heaviest organic molecule to be found to
date in that part of the atmosphere. Ve-

nus, Jupiter, Neptune, Uranus, and Ti-
tan have also been examined, but much
of the data have yet to be refined.

In addition to studying the galaxy, as-
tronomers use IUE to investigate more
distant objects, like the incredibly ener-
getic Seyfert galaxies and quasars. Ul-
traviolet comparisons of quasars sup-
ports the notion that they are similar to
each other, and that they really are as far
away as astronomers think.

In its first year of operation, the IUE
has proved to be a versatile telescope.
Capable of producing high-resolution
UV spectra of relatively faint objects, it
has expanded the horizons of UV astron-
omy greatly. With continuous ground
control, the IUE observing program is
much more flexible than that of previous
astronomical satellites. The IUE has
been used in coordination with other
telescopes, on the ground and in space,
to provide simultaneous observations of
interesting objects in several spectral re-
gions. If the successes of the IUE pre-
sage the abilities of the space telescope,
astronomers can hardly wait for that in-
strument to be carried aloft by the space
shuttle.

—BEVERLY KARPLUS HARTLINE
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