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Abstract. Radio stars play a key role in establishing
the link between optical reference frames and the con-
ventional celestial reference frame based on extragalac-
tic radio sources. The relevant astrometric, astrophysical
and radio quantities are compiled of 66 cardinal radio
stars currently suited to frame connection and mainte-
nance of the link. The catalogue entries are supplied with
ample bibliographical codes and annotations for easy data
retrieval.1
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1. Introduction

Radio stars are suitable objects for an immediate connec-
tion of stellar reference frames to radio reference frames
and vice versa. From the positions of the stars in both
frames follows the orientation of one frame with respect
to the other at some specified epoch; the spin is zeroized
by means of the proper motions. At present, in view of the
limited number of radio stars the determination of the ori-
entation and spin parameters is best performed by rigid
rotations. This mode of execution is even more suggested
when it can be taken for granted that the stars represent-
ing the frames constitute rigid spheres.

A practical application of this method is the determi-
nation of the link of the provisional Hipparcos frame to
the extragalactic reference frame based on radio sources
(Lindegren & Kovalevsky 1995). This frame has been
established by IERS (IERS 1994) and is going to be
adopted by IAU as the conventional celestial reference
frame (ICRF).

The IAU Joint Working Group on Reference Frames
(IAU 1992, 1996) at its meeting in Hamburg, 1994 March
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28-29, has tentatively selected some 50 radio stars as can-
didates for setting up the link to the ICRF and for main-
taining the link. Clearly, this explains the important role
of radio stars not only for the presence but also in fu-
ture. It is therefore not surprising that a growing body of
opinion among the astronomical community called for a
revision of the existing data on radio stars.

Since radio stars are found among a large variety of
classes of stars such as single stars, binaries, variable stars,
masers etc., the stellar data are widely scattered, a fact
which suggests a consistent data assembling and the com-
pilation of a catalogue of radio stars. In contrast to the
optical data, an extensive collection of radio properties
has been made by Wendker (1995). The search of radio
positions of high precision depends almost exclusively on
the VLBI, VLA and MERLIN networks.

Our catalogue contains updated astrometric and as-
trophysical data of the radio stars chosen by the working
group in 1994 augmented by a dozen of stars that have
become eligible for the link in the meantime. Further, we
give keys that allow the retrieval of detailed radio infor-
mation and the identification of the interferometry net-
works, which have the individual star on their observing
programme. All in all the catalogue comprises 66 objects.
Because of their status they may be called “the cardi-
nal radio stars for linking celestial frames”. Their sky dis-
tribution is plotted in Fig. 1. The region below −300 of
declination is missing among the stars recommended by
the Working Group since the radio stars confirmed in this
part of the sky are not yet sufficiently explored by radio
interferometry.

At least for some time the observing efforts will con-
centrate on the cardinal radio stars aiming at the determi-
nation of precise radio proper motions for the entire set.
To extend the set of cardinal radio stars one may take ad-
vantage of a fund of confirmed and suspected radio stars
for astrometry which are listed in a former catalogue by
Walter et al. (1990) including 186 objects most of them
being Hipparcos stars. The majority of the cardinal radio
stars are among these objects, but many stars of the for-
mer catalogue are either suspected radio stars due to a low
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flux density or their radio positions are derived from sin-
gle dish observations thus leaving unresolved radio/optical
identification problems.

Fig. 1. Cardinal radio stars for the link of optical reference
frames to the extragalactic reference frame. The sky distribu-
tion is shown in equatorial coordinates, the dotted line marks
the galactic equator. Circles and crosses refer to stars with opti-
cal positions and, apart from a few exceptions, with positions
from radio interferometry. More specifically, crosses indicate
stars with VLBI positions

In Sect. 2 the potential of radio stars for connecting
frames is briefly exemplified by the results obtained from
preliminary Hipparcos catalogue versions. Section 3 de-
scribes the organization of the catalogue which finally fol-
lows in the annex.

2. Use of radio stars for the Hipparcos link

A preliminary link of the Hipparcos frame to the 3 axes
of the ICRF has been established by means of 7 stars
whose positions and proper motions are known from VLBI
observations on the one hand and from the reduction of
the 30-months Hipparcos data by the FAST consortium on
the other (Kovalevsky et al. 1995). According to Lestrade
et al. (1995), the rotation angles of frame orientation at
epoch 1991.25 are in units of 1 milliarcsecond (mas)

A1 = −26.9± 0.5, A2 = −12.6± 0.6, A3 = 23.0± 0.5,

and the rotation rates giving the relative spin are in units
of 1 mas/yr

Ȧ1 = 0.6± 0.5, Ȧ2 = 0.1± 0.5, Ȧ3 = 1.4± 0.4 .

On the analogy of VLBI we undertook a pilot study using
10 stars with VLA positions (Florkowski et al. 1985) and
Hipparcos positions from 37 months of data of the FAST
consortium (Lindegren & Kovalevsky 1995). The 10 VLA
link stars were selected by applying a 2σ rejection criterion
to the post-fit residuals HIP-VLA; their designations are:
b Per, HD 50896, KQ Pup, FK Com, HR 5110, β Lyr, BD
+43 3571, RT Lac, AR Lac and HD 224085.

Since VLA based radio proper motions were not avail-
able, only the position link could be established. Using

Hipparcos proper motions in place of the radio proper mo-
tions for unavoidable epoch transformations, the following
rotation angles of the frame orientation in units of mas at
epoch 1992.0 were obtained:

A1 = −13.6± 11.2, A2 = −22.4± 11.6, A3 = 13.7± 11.7 .

Note that the quoted rotation angles and precisions result
from pilot studies on the Hipparcos link and are presented
here to illustrate the capability of VLA observations. The
official link of the Hipparcos frame to the extragalactic
frame will be provided by ESA.

Due to the lower precision of the VLA positions, i.e.
30 mas as compared with roughly 1 mas for VLBI, it is
not surprising that the VLA results on the rotation angles
are inferior to VLBI. Nevertheless, the signs and magni-
tudes of the rotation angles show the same tendency for
the VLBI and VLA observations. From extrapolating the
VLA results a precision of 5 mas is estimated for the rota-
tion angles when some 50 objects are involved in the least-
squares adjustment process. In the course of the applica-
tion of the high sensitive VLBA technique (Kellermann &
Thompson 1985) an increase of number and positional ac-
curacy of radio stars is expected and, thus, radio stars will
continue to play also in future the role of intermediaries
in optical and radio astrometry.

3. Conception of the catalogue

3.1. The catalogue structure

The catalogue is intended to aid all those who engaged in
linking of reference frames by means of radio stars, and in
the maintenance of the links. Accordingly, it also addresses
observers who provide in future observations of stars at op-
tical and radio wavelengths. To this end we structured the
catalogue by categories that are divided into three main
groups of data: astrometric quantities including double
and multiple stars, astrophysical quantities, and ancillary
quantities giving references to finding charts, radio maps,
radio emission and interferometer networks.

With regard to the star designation we tried to cover
a wide range of names to simplify the identification of ob-
jects. As far as the other categories are concerned it was
our aim to make primarily one single entry that reflects
the optimum quantity of this category. Clearly, the choice
was not always unambiguous, a fact which led occasion-
ally to several entries. Since only those data appear in the
catalogue that are published in the literature and have re-
ceived a quotation, the term “optimum” should be seen in
this context. Especially the astrometric entries suffer from
the restriction to quotable data, because many of them are
still in the pipeline and their publication is tied to the fi-
nalization of the respective projects, such as the Hipparcos
data reduction or campaigns of radio interferometry. To
enable the conscientious catalogue user of taking avantage
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of data whose publication is imminent, we have given am-
ple star identifications in the name list, for instance the
Hipparcos star number, and references to the interferome-
ter networks dealing with one or other of the stars. Hence,
cross-referencing to any sort of data is made easy. In addi-
tion, the bibliographical codes associated with each entry
facilitate the deepening of data retrieval.

Transformations of positions and proper motions from
B1950.0 to J2000.0 were performed along the lines of
Aoki et al. (1983) and Schwan (1988). The catalogue is
an extract from a comprehensive data base of radio stars
maintained at the Astronomisches Rechen-Institut, which
in addition keeps on file a machine-readable catalogue
version.

3.2. The catalogue formats

Per star a maximum of 18 categories of stellar param-
eters were entered in the catalogue, each category con-
sisting of one or more records and accompanying refer-
ences. Throughout the catalogue a uniform system of units
was applied. The detailed definition of the categories and
adopted units will be found in the catalogue header.

Category 1: Star designations are listed in 3 columns of
20 characters each per entry. If available, the following
six designations are arranged in hierarchical order: (1) A
4-digit working number precedes the customary designa-
tions to permit easy cross-referencing to the reservoir of
radio stars by Walter et al. (1990), (2) Durchmusterungs-
number (BD, CoD, CPD), (3) HD number, (4) PPM num-
ber, (5) Hipparcos Input Catalogue number (HIC), (6)
variable star designation; (7) and so on reserved for other
designations in alphabetical order.

Category 2: Optical position: Right ascension (RA) and
standard deviation, declination (Dec) and standard devia-
tion, referred to J2000.0 at observation epoch; observation
epochs in RA and Dec; the reference system of positions
(usually the FK5 system). Normally the parallax effect is
removed from the coordinates. For certainty, consultation
of the reference is suggested.

Category 3: Radio positions: RA and standard deviation,
Dec and standard deviation, referred to J2000.0 at ob-
servation epoch; observation epochs in RA and Dec; the
reference system of the calibrators. Concerning the paral-
lax effect see Category 2.

Category 4: Optical proper motions in RA and Dec re-
ferred to J2000.0; the reference system of proper motions
(usually the FK5 system).

Category 5: Radio proper motions in RA and Dec referred
to J2000.0; the reference system of the calibrators.

Category 6: Optical parallax.

Category 7: Radio parallax.

Category 8: Radial velocities.

Category 9: Apparent magnitude of the star and the
respective photometric system (U, B, V, R, P, H
(Hipparcos), K (Kukarkin)). For variable stars normally
maximum and minimum values of magnitude, and the pe-
riod are quoted. For double and multiple systems, occa-
sionally, the integrated magnitude is given supplemented
by the magnitudes of the components.

Category 10: Type of variability.

Category 11: Spectral type and luminosity class of star or
system. If available, the respective quantities of the com-
ponents are listed too.

Category 12: Optical structure.

Category 13: Properties of double stars: Type of binary
or multiple system, number of components, separation of
components, position angles, magnitudes.

Category 14: Guide to finding charts.

Category 15: Guide to radio maps.

Category 16: Guide to radio emission.

Category 17: Observation priority, membership to observ-
ing programmes.

Category 18: Miscellaneous (X-ray source, emission line
star, star association, etc.).

Whenever a category is void it has been omitted from
the records of the respective star.

The bibliographical codes accompanying the entries
are compiled at the end of the catalogue under the heading
“References”. The list of references is arranged both in or-
der of ascending bibliographical codes and in alphabetical
order of the authors’ names.

3.3. The catalogue data

For exemplification we present in Table 1 the sample of
the entries of star 1028 = BD+28 0532 = HD 21242 =
PPM 92507 = HIC 16042. The catalogue as a whole is
available at the CDS.

4. Conclusions

In this catalogue the stellar data and keys to data retrieval
are supplied of the presently 66 cardinal radio stars that
have the potential of connecting optical and radio celestial
reference frames. The catalogue is thought to be an aid of
studies on linking frames, and of repeated observations of
the radio stars of this core in view of the maintenance of
the link. A survey of supplementary radio star candidates
is urged for enlarging the core in order to obtain better
uniformity of the spatial distribution, the distribution of
spectral types and apparent magnitudes. More diversifi-
cation of the types of radio stars will diminish the risk of
biases.
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Table 1. Catalogue entries of star 1028 = BD+28 0532 = HD 21242 = PPM 92507 = HIC 16042

.

01 1028 BD+28 532 HD 21242

PPM 92507 HIC 16042 V*UX Ari

AGK3+28 359 AGK3R 3031 CMC4 202151

CMC5 502297 CMC6 601686 GC 4089

GCRV 1890 H 0324+28 SAO 75927

02 03 26 35.393 4561 +28 42 54.53 7000 2000.0 2000.0 2000.0 0147 0180

03 03 26 36.3367 600 +28 42 56.01 1000 2000.0 1983.789 1983.789 0130 0130

03 26 35.3399 1000 +28 42 55.962 500 2000.0 1983.679 1983.679 0114 0114

04 +3500 270 -9900 250 2000.0 0147 0180

05 +3603 530 -10464 320 2000.0 0114 0114

06 +1820 0037

08 +15.9 1.2 0154

09 6.4 6.5 V 0009 +0.48 +0.91 0021 6.438 0009

10 RS CVn variable (Ref.0162,Ref.0149)

11 G5 V (Ref.0123) comp.A

K0 IV (Ref.0123) comp.B

13 spectroscopic binary (Ref.0148,Ref.0221)

RS CVn binary (Ref.0037,Ref.0162,Ref.0149)

orbital period 6.438d (Ref.0162)

14 finding chart (Ref.0163)

15 radio map (Ref.0143)

16 radio emission confirmed (Ref.0002)

nonthermal radiation (Ref.0030)

VLA positions (Ref.0114)

VLBI positions (Ref.0023)

17 Hip.SPRS (Ref.0083)

VLA programme star (Ref.0165)

VLBI programme star (Ref.0130)

18 complex structure of radio core and halo (Ref.0143)
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