LINK OF THE HIPPARCOS CATALOGUE TO THE ICRS
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Abstract. In compliance with the 1991 TAU resolutions on reference frames, the merged Hipparcos
Catalogue had to be aligned in such a way that it represents at optical wavelengths the Interna-
tional Celestial Reference System (ICRS). This was realized as a combination of particular solutions
obtained from observations of radio stars by radio interferometry, observation of quasars relative
to Hipparcos stars, photographic plates including galaxies and Hipparcos stars, star catalogues
referred to extragalactic objects, HST observations, and comparison of Earth orientation param-
eters obtained by VLBI and ground-based optical observations reduced with Hipparcos positions
and proper motions. The individual results generally agree within 10 mas in orientation at epoch
and 1mas/yr in spin of the system. Two methods were used to combine the results and yielded
uncertainties of 0.6 mas in orientation and 0.25 mas/yr in spin.

1. Introduction

A set of recommendations within IAU resolution A4 of 1991 (Bergeron, 1992) on celestial reference
systems and frames called for the definition of a celestial reference system that would have no global
rotation with respect to a set of distant extragalactic objects. This system, called the International
Celestial Reference System (ICRS, see Arias et al., 1995) was recognized by the TAU Working
Group on Reference Frames and materialized in the form of a catalogue of positions of 608 objects
(Ma and Feissel, 1997) adopted by the IAU as the International Celestial Reference Frame (ICRF)
during this General Assembly. This catalogue was prepared in time to be available when the merged
Hipparcos Catalogue was completed as a combination of the two catalogues prepared by the two
data reduction consortia (FAST, see Kovalevsky et al., 1992 and NDAC, see Lindegren et al., 1992).
The merging procedure is described by Arenou (1997) and the provisional astrometric parameters
obtained were made available to all participants of the preparation of the link. The ensemble of the
work done in this respect is described in Kovalevsky et al., 1997a.

2. Methods and observations

Let the extragalactic reference frame ICRF be represented by the triad of unit vectors
E = (xg, yr, zr) and the Hipparcos provisional reference frame by H = (xy, yu, z2n).
The rclation between them can be represented by a time dependent vector

V(t) =€+ (t - to)w

where € is the rotation vector at the mean epoch of the Hipparcos Catalogue, t, = 1991.25 and

called here orientation. While w is a vector representing the yearly variation, called here spin.
The principle of the determination of either of these vectors was first given by Froeschlé &

Kovalevsky (1982) for most of the possible cases. It was applied on eleven different sets of data:
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1. VLBI observations of 12 radio-emitting stars by several networks (Lestrade et al., 1995) pro-
vided both ¢ and w with uncertainties of the order of 0.5 mas for the components of ¢ and
0.3 mas/yr for those of w.

2. Connected radio interferometer MERLIN (Morrison et al., 1997) observed 13 radio stars, but
with insufficient spread in time to get reliable results in w. So, only the components of ¢ were
given within 2.6 mas standard error.

3. VLA observations, mostly done around 1983-86 (Florkowski et al., 1985) and with some addi-
tional data in 1994-95, gave standard uncertainties of the order of 5 mas on the components of
€.

4. Optical positions of compact sources derived from CCD observations of 78 selected sources
(Johnson et al., 1995 and Zacharias et al., 1995) gave an overall precision of the same order of
magnitude as 3 above.

5. About 80 observations of separations of 46 Hipparcos stars to extragalactic objects were made
on the Hubble Space Telescope. These observations were insufficient in number, so that the
uncertainties (5 mas in £ and 2 mas/yr in w) were rather disappointing.

6. The Lick proper motion survey referred to galaxies allowed the determination of w. Two
solutions were obtained respectively by I. Platais and his co-workers and S. Réser. The results
for w were scattered, apparently due to strong magnitude errors.

7. A similar work on the results of the Yale-San Juan Southern Proper Motion Program led to
values that were about 0.5 mas/yr from the mean (Platais et al., 1997), a very satisfactory
result, even if the internal errors have been very underestimated.

8. A similar overall precision on w was obtained with the catalogue of faint stars KSZ (Kislyuk
et al., 1997) using 415 stars from 154 areas on the sky.

9. A special programme of determination of proper motions from widely separated in time pho-
tographic plates (70 to 100 years) using 88 Hipparcos stars in 13 fields (Tucholke et al., 1997)
yielded actual uncertainties of the order of 0.5 mas/yr in w.

10. A similar programme based on 24 fields taken at the Tautenburg Schmidt Telescope with time
intervals of 20 to 40 years gave better results and better uncertainties (Hirte et al., 1997).

11. Finally, a comparison was made between the Earth rotation parameters determined with VLBI
in the ICRS system and those obtained from optical observations rediscussed with Hipparcos
data. Many uncertainties are present in this method that could not be evaluated and whilst
the results obtained are rather good in x and y components of w, the results in € were not
satisfactory (Vondrédk et al., 1997).

3. Combination of results

The eight results for w and six results for € were discussed as described in Lindegren and Kovalevsky
(1995) and in Kovalevsky et al., 1997a. Two different methods were used, either separating ¢ and
w which are only slightly correlated, or in treating all unknowns together. Actually, both methods
differed also slightly in the weights attributed to each result.

The solutions obtained in ¢ differed by less than 0.05 mas in z and z components and 0.16 in
the y component. Similarly, the solutions for w differed by less than 0.08 mas/yr in z and 2z and
0.13 mas/yr in y. The weighted standard errors were also quite similar. This led to the adoption of
values for € and w with respectively standard uncertainties of & 0.60 mas in all components of € and
+0.25 mas/yr in all the three components of w. These values are to be compared with % 0.50 mas
and =+ 0.15 mas/yr as mean values obtained by both solutions for the standard errors. So, a rather
large security factor has been retained. In this manner, the interval of confidence includes the spread
of values obtained by various solutions with different choices of weights.

In addition, an external check was obtained using a statistical model of stellar motion (Ko-
valevsky et al., 1997b) for a determination of the components of w in the galactic plane. The results
obtained depend on distance, galactic latitude and colour, but they are all compatible within their
own errors with the uncertainty in w stated above.

So, in conclusion, the rotation components that resulted from this work and that were applied
to the preliminary merged catalogue to obtain the final Hipparcos Catalogue and the associated
uncertainties appear to be consistent and represent what was achievable.
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