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Abstract

Background information is provided on both low and high dispersion IUE spectra of chro-
mospherically active late-type binaries, that have been taken until the end of 1992, in order
to foster an optimum usage of the IUE archive. Physical information on all systems, arranged
by binary star name, together with characteristics of the individual exposures, the position of
the observations in the orbital light curve, an average low resolution ultraviolet spectrum, and,
whenever available, the shape of the Mgll feature at 2800 Ain high resolution, are given.

Introduction

It is a well-know fact that many late-type cool stars (later than F5) show indications of
solar-like magnetic activity, such as photospheric spots, chromospheric emission, coronal x-ray
and radio emission, as well as flare activity (see e.g. Guinan and Giménez, 1993). Apart from
very young stellar objects, such as T Tauri stars and related pre-main sequence stars, those
with the highest activity levels are close binary systems with cool, G- to M-type components.
Otherwise, the majority of solar-like stars in the Sun’s neighbourhood are relatively old and
have activity levels comparable to that of our Sun.

Observationally, active late-type binaries typically show emission cores in the H and K Call
resonance lines, as well as in the Ha line that can be hundreds of times stronger than those
in the Sun, a characteristic which is generally considered to be an indicator of chromospheric
activity (see, e.g., Rodoné, 1992). These binary systems are also strong coronal x-ray sources,
having x-ray luminosities on the order of 10? to 10* times that of the quiet Sun. Moreover,
they often show migrating waves in their light curves which are interpreted as being caused
by huge, cool star spots or groups of them. The explanation of these photometric, wave-like
anomalies by means of the "spot” hypothesis, which was first introduced by Kron (1947), and
later developed by Hall (1972) and Torres and Ferraz-Mello (1973), allowed the explanation of
a large range of peculiarities displayed by these stars in terms of some kind of enhanced solar
activity. The spots produce periodic variations in the light curve which permit a determination
of the star’s rotational period and of the size of the star’s surface area covered by them. It turns
out that the coverage in active binary stars can be on the order of some 20% of their surface
area, in contrast to the active Sun for which a coverage of less than some 0.2% is observed. The
photospheric activity is generally accompanied by the presence of an active chromosphere, as
detected through the above-mentioned emission cores; and the level of both activities is found
to be correlated. A similar correlation has also exists between the anomalous behaviour of the
Stromgren intermediate-band uvby colour indices and the photometric peculiarities of active
stars (Giménez et al., 1991). In addition, large energetic flare-like events, the most remarkable
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phenomena of stellar activity, have been reported for many chromospherically active binaries

(Catalano, 1990).

The currently accepted general picture of the nature of active late-type binaries is based on
the emergence of magnetic flux tubes producing active regions in analogy to those in the Sun
with spots, active chromospheres, and coronae. The combination of deep convective envelopes
with magnetic fields and forced stellar rotation lies at the origin of this kind of stellar activity. In
fact, due to the strong tidal interaction in these binaries, the stars are usually forced to rotate
relatively rapidly and typically their rotational periods are synchronized with their orbital
periods. The strength of the indicators is expected to increase as a function of stellar rotation
and of the depth of the convective envelope.

Chromospherically active binaries are generally classified under such group names as RS
CVn, BY Dra, W UMa, and related systems. A similar kind of stellar activity is also probably
present in Algol-type binaries and in the secondaries of cataclysmic variables, but in these cases
it is more difficult to study because of the relative brightness of the hotter component. Also,
in these systems the cooler, active component is in contact with its Roche lobe which might
change its physical properties or observable characteristics. Furthermore, mass loss and mass
transfer frequently produce light variations and spectroscopic features which veil the traces of
the cool component in the overall observational picture. Similar effects are likely to be at work
in W UMa-type binaries where both components fill their respective Roche lobes.

IUE observations of late-type active binaries

The increase in the available information on the ultraviolet and x-ray spectral regions ob-
tained by means of space observatories has confirmed the general picture of active binaries and
added a wealth of new information. Late-type stars in the ultraviolet do not have continuum
fluxes dominating the spectrum and, thus, the emission lines appear clearly with a much better
contrast than in hotter stars. This is one of the reasons why chromospherically active bina-
ries have received much attention from observers using UV and x-ray astronomical satellites
(Rodoné, 1993). In fact, ultraviolet observations of this kind of binaries have proven to be
extremely rewarding concerning the quantitative evaluation of the level of stellar activity, the
presence of flares, variations with orbital phase, and secular changes due to long-period activity
cycles.

As mentioned above, one of the hallmarks of RS CVn, BY Dra, and related stars is their
strong Call H and K emission. Following the solar analog, these emissions are identified with en-
hanced chromospheric emission from plage-like regions and the chromospheric network. There-
fore, emission lines which originate in the same stellar region as the Call resonance lines but lie
at ultraviolet wavelengths (as a large number of them do) should be observable with a better
contrast with respect to the continuum flux. The most interesting lines in this context are
the chromospheric emission features of Mgll h and k at 2800 A and the transition region line
emissions of NV at 1240 A, Sill at 1400 A, and CIV at 1550 A. Moreover, the study of the Hell
feature at 1640 A may provide some information on the physical conditions of stellar coronae.
Numerous observations of active stars with the International Ultraviolet Explorer (IUE) satel-
lite since 1978 confirmed these expectations and have indeed led to an explosion of information
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on the chromospheric and transition regions. The interested reader may find some discussions
on the current picture of chromospherically active stars, as derived from IUE observations, in
recent review papers (e.g., Rodond, 1986; Zwaan, 1986; Jordan and Linsky, 1987; Linsky, 1988
and 1990; Ramsey, 1990; Guinan, 1990).

Definition of binary systems included in our catalogue

The first thing to be established is what kind of stars, in the context of the catalogue at
hand, we consider chromospherically active late-type binaries. In general, we accept as such
any kind of close binaries in a detached, or marginally semidetached, configuration with strong
chromospheric activity. These are mainly the RS CVn binaries, first defined as a group by
Hall (1976), and the BY Dra systems, defined by Bopp and Feckel (1977). RS CVn binaries
are systems whose stellar components are dwarfs subgiants and giants of spectral type F to K.
A full description of the main characteristics presented by them is given by Hall (1981). On
the other hand, in BY Dra stars always at least one component is of type dK or dM. Both
groups are clearly identified by strong chromospheric activity and the presence of large spotted
regions. Active late-type binaries of the RS CVn type, with essentially detached components,
are the subject of an intense research at different wavelength ranges because of their suitability
as a primary source of information on the physical mechanisms responsible for coronal and
chromospheric activity, their evolution, and their dependence on stellar convection, rotation,
and magnetic fields. In fact, detached double-lined eclipsing binaries are the only known way
to determine accurate absolute stellar dimensions and, thus, provide the only reliable way for
a detailed comparison between observed stellar parameters and theoretical predictions of their
structure and of evolutionary models. Detailed discussions on these topics are given by Byrne
and Rodoné (1983) and Hartmann and Noyes (1987).

W UMa-type binaries, which show clear evidence of chromospheric activity (see, e.g., Rucin-
ski, 1993) were excluded from the catalogue, as well as binaries containing M-giants or single
stars with chromospheric activity like FK Comae stars and T Tauri stars.

This is basically the same definition as adopted by Strassmeier et al. (1989, 1993) in their
catalogue of chromospherically active binary stars. Therefore, we have taken this catalogue as
the input data base for the selection of systems to be included in our compilation of the IUE
archives information. Details about the adopted selection criteria are given in Strassmeier et

al. (1988).

The catalogue

The name list searched is that given in Strassmeier et al. (1993). All stars in this catalogue
which have entries in the IUE Data Base were included in our catalogue. In total, 127 late-type
active binaries have been observed with IUE Satellite until the end of 1992. For these targets a
total of 2569 spectra, 1227 in the short wavelength range and 1343 in the long one, have been
obtained, 1075 of them in high resolution.

In order to facilitate work with this catalogue, for each system we start out by providing
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a list of general information on physical parameters and properties of the emitted flux and, if
they exist, references to important recent papers on observational aspects of the specific target
in question. This then is followed by a list of details on the available IUE observations. And
finally for each system one page with actual plots of observations is given. In the following we
provide a detailed description of the various entries.

a) A list of general information:

Name: As primary name the variable star name of the system, as given in the General
Catalogue of Variable Stars by Kholopov (1985), is used and the targets are arranged in
this order. In cases where no such name exists, they are listed by HD number at the end
of the catalogue.

Alternative names: A list of aliasses in use are given in order to help the user identify
the targets. Names from the Henry Draper catalogue (HD number), the Smithsonian As-
trophysical Observatory catalogue (SAO number), the HR number from the Bright Star
catalogue, the bright star name, and the Durchmusterung catalogues (BD or CD/CPD
numbers) were included, when available. A list of cross references in all possible permuta-
tions is provided at the end of the catalogue.

Coordinates: Right ascension and declination of the star are given for the 2000.0 epoch.

System parameters: Several parameters relevant for the understanding of the main UV
characteristics are taken directly from Strassmeier et al. (1993) where references to the
original papers and selection criteria are given. These parameters are the orbital period
and time of conjunction (Tp)*; the type of binary, the eccentricity, the stellar masses, radii,
spectral types, and the distance, whenever available.

activity parameters: Likewise, from the catalogue of Strassmeier et al. we adopted some
parameters describing the state of activity of each system. These are the photometric
period, the amplitude of brightness variations in the V band, the x-ray luminosity, the
Call index, the strength of the Ha emission, and the radio flux density. As one additional
parameter we measured the Mgll index from the IUE observations. It is based on the
definition by Fanelli et al. (1990) as the ratio between the flux measured in the unbinned
data in the band 2800 + 204 and the continuum flux defined as a linear interpolation
between the flux values at 2650 + 50A and 2950 + 50A. For measurements based on
low resolution data (the spectra incorporated in the average spectrum as displayed) the
corresponding Mgll index is given in square brackets; values determined form the high
resolution spectrum in the plot (below) are given without brackets.

Photometric parameters: Only Johnson’s UBV photometry was taken from the catalogue
of Strassmeier et al. (1993). Stromgren uvby colours were taken, when available, from
Giménez et al. (1991). Otherwise, data from Hauck and Mermilliod (1990, 1980), Olsen
(1993), and Schuster et al (1993) were adopted. ROSAT measurements in the EUV were

taken from Pounds et al. (1993). Preliminary data from the EUVE survey were taken from

1The same comments apply as in Strassmeier et al. (1993) (preface to Table 4), where the letters ’s’, 'p’, and 't’, written as
addition to 'Min I’, specify which component is behind at time To. The symbol '{...}’ denotes the binary in a triple system.
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Bowyer et al. (1994). The infrared information from IRAS was taken from Simbad and
Gezari et al. (1987); from this latter reference we also took approximate fluxes using their
notation ’0’ and ’1’ for the ranges 0.5 - 5 Jy and 5 - 50 Jy, respectively. UV continuum
fluxes are determined from the low resolution IUE images as given in the plots. These
colours were measured from the unbinned data in the wavelength ranges: 1450 + 304,
2650 + 50A and 2950 + 50A. In cases where no low resolution long wavelength spectrum
is available, the long wavelength continuum fluxes are taken from the one high resolution
spectrum also displayed in the plot, otherwise determined in the same way (same code,
same wavelength range) as in the case of the low resolution spectra; for clarity they are
given in square brackets.

A list of additional references: In the spirit of providing comprehensive background infor--
mation to all systems, we found it necessary to also quote papers devoted to the system,
e.g., if a global picture of the structure and activity behaviour is discussed or if the activity
behaviour is further analysed from an observational point of view. Only papers published
during the last 10 years have been considered. References to the sources of individual
parameters are given by Strassmeier et al. (1993) and additional information and further
data may be extracted from papers included in the discussion of large data sets given at
the end of this introduction.

b) A list of available IUE spectra:

A list of all the available IUE spectra is given, taken from the VILSPA Data Base which is
meant to be complete for spectra taken until the end of 1992. Only large aperture spectra are
considered, since spectra taken in the small aperture cannot be calibrated. On the other hand,
no FES images have been included since, for RS CVn and related binaries, they do not contain
scientifically useful information.

The tables contain the following information:

column 1: Sequential identification number of individual observations.

column 2: Camera identification (LWR: Long Wavelength Redundant camera, LWP: Long
Wavelength Primary camera, SWP: Short Wavelength Primary camera).

column 3: Image number in the IUE Data Base.
column 4: Resolution (H: high 1-3 10%, L: low, 1-3 10?%).

column 5: Displayed spectra (those low resolution images which together form the average
spectrum as displayed for each system, as well as the high resolution one whose MglII
profile is plotted, are marked with an asterisk in this column).

column 6: Day at the beginning of the observation (yy.mm.dd).
column 7: Time of the beginning of the exposure (hh:mm:ss).

column 8: Julian Date at the beginning of the exposure, corresponding to the previous 3
columns, given as JD-2440000.
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column 9: Exposure time for the spectrum (mmm.mm).

column 10: Optical stellar magnitude derived from the FES counts and mode using the cali-
bration formula as given by Stickland (1980) for measurements taken at the old reference
point (-16, -208), i.e. at GSFC before 22.1.90 or at VILSPA until 23.7.90. The calibration
provided by Pérez (1991) was used for measurements taken at the new reference point
(-144, 176) thereafter. From 10.11.92 onwards, due to the occurrence of the streak light,
no calibration of FES measurements is possible any longer. If available, the B-V index
was taken from Strassmeier et al. (1993) (the value given in the previous section); if not
known, it was defined as 0.

column 11: Orbital phase at the beginning of the exposure, using values of previous columns
and the ephemeris in the previous section. Two digits only are given, so that no significant
difference exists between values derived from JD and HJD. In cases where no ephemeris
is known, the time of the first IUE observation was taken as zero time and relative phases
calculated on the basis of the orbital period only; values derived in this way are given in
square brackets.

column 12: Same as column 11 for the end of the exposure. FES magnitudes and orbital
phases are used to plot the coverage light curves (see next section).

column 13: Number of cycles elapsed since the ephemeris T as given by Strassmeier et al
(1993) and quoted in the table of system parameters. This number allows an estimate of
the accuracy of the given orbital phases.

column 14: Quality given by the observer according to standard codes adopted for the de-
scription of IUE images. Keys to this can be found in the preface to the IUE merged
log.

c) Plots of observation:

Top figure: Average ultraviolet spectrum of the system, using low resolution data, displayed
in 5 A bins. Whenever necessary, a small insert shows the far UV region on a larger scale.
Nevertheless it should be noted that in particular the line fluxes can vary considerably
between spectra of the same system taken at different epochs. Crosses at the upper margin
of the plot indicate that the flux value at this wavelength of (at least) one of the spectra in
the average has a problem (the ¢ value is different from zero) and, thus, that some caution
should be exercised when interpreting these data and that the original spectra should be
consulted for details.

Lower right figure: Plot of the MgII 2800 A region observed in high resolution. The selected
image was put, for plotting purposes, into bins of approximately 0.2 A width. As in the
plots of the low resolution spectra, crosses mark some problem in the data.

Lower left figure: Light curve of the systems derived from the FES magnitudes, calculated
as described above, in the form of bars at the level of the FES magnitude, ranging from
the orbital phase at the beginning of each exposure to its end. This plot shows a rough
shape of the photometric variations in the optical together with the available coverage of
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the orbit with ultraviolet data. For systems with no known ephemeris, the time of the first
IUE observation was taken as zero time and relative phases were computed on the basis
of this (see column 11 of the table of observations).

Whenever a sufficiently large number of spectra of the same system exist to permit any
choice in what data to display, the selection as indicated in the list of the previous section with
an asterisk (*) in column 5, was done in the following way:

a) no overexposures were accepted, except for the long-wavelength part of the SWP in case no
LWP/R was available, or longward of MglI;

b) no overexposures in the MglI features were accepted;

c) preferentially, orbital phases near 0.25 or 0.75 were used, especially in the case of eclipsing
systems; eclipse observation were avoided by all means;

d) if possible, spectra without exposure code were avoided;

e) for unknown reasons, some spectra could not be found in ULDA and, therefore, were not
used in the averages.
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