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Abstract. The Tycho Reference Catalogue (TRC) contairble 1.Astrometric reference catalogues. Date of publication, numb|
high-quality positions and proper motions 10 182 stars of of stars, and median precision at the Hipparcos epoch of 1991.25
the Tycho Catalogue. The proper motions were derived fragiven. Systematic errors are about 150 mas and 2.5 mas/yr for the P
Tycho positions and Astrographic Catalogue positions reducdfl ACRS, but less than 1 mas and 1 mas/yr for the catalogues ba
to the Hipparcos system. The median accuracy of the TRC j3§-Hipparcos.

sition components is 40 mas at J1991.25. The median precisien

of the proper motion is about 2.5 mas/yr . Systematic errors ardame Date N Opos Tpm

less than about 1.0 mas(/yr). The quality of the proper motions stars  mas  masiyr

in TRC is assessed by comparison with the Hipparcos and Tyct®A0 1966 260000 1000 10

Catalogues. Comparison with the recent ACT Catalogue whicACRS 1991 320000 200 5

is based on an independent reduction of the same observationgM 1991 469000 200 4

as used for the TRC is reported. HIP June 1997 120000 0.8 0.9
TYC June 1997 1060000 40 40

cT Sep. 1997 989000 40  ~25
RC  April1998 990000 40  ~25
Tycho2 1999 2500000 100  ~2.5
TRC2 2000 2500000 100  ~2.5

Key words: astrometry —reference catalogues — proper motion
— Astrographic Catalogue — Tycho Catalogue

1. Introduction

The Tycho Reference Catalogue (TRC) is presented,contaimlrﬁcz, is in preparation for which a more accurate (bloc

high-quality positions a_nd proper motions faf0 182 stars_of adjustment) reduction of the AC will be appliéd (Kuimov 1997
the Tycho Catalogue. Itis suited as a source of astrometric re @MBH-

ence stars and of proper motions for galactic kinematic studies.

. ) The progress in terms of size and quality of astrometr
The catalogue is made available from the CDS. brog d y

Th i derived f Tveh i raference catalogues during the recent years is illustrated in
€ proper motions were derived from 1ycno posilions afy, 1 e catalogues are listed in their sequence of publicatid

Astrographic Catalogue (AC) positions reduced to the Hipp cluding those expected in the near future.

cos system. This undertaking was envisaged when the Tyc OThe SAO. ACRS and PPM catalogues are based on me

project was proposed (Hgg et al. 1982) and was elaborated I‘?ﬁﬁrand photographic observations. The PPNIS& & Bastian

on (Rbser & Hag 199B). The resulting TRC Catalogue Coma"EQl, Bastian etal. 1993) included, for the firsttime, the centu

between 4 and 117 stars per square degree, depending on g%'IﬁcAstrographic Catalogue observations. This catalogue ac

tic latitude. ally comprises about two dozen catalogues of positions at me

A new reduction of all Tycho observations is progress;, o - :
. . i . _ ~&poch B1905.0, containing 8.6 million photographic observ.
ing which will result in a Tycho2 Catalogug (Hag 1997) Wity ¢ ot apout 4.5 million stars brighter thah = 12.5. The

about 2.5 m_il!ion stars, including proper motio_ns derived frOI?)1bservations were only available in printed volumes until t
the AC positions. In parallel, a second version of TRC, tr’§:ternberg Astronomical Institute (Nesterov et al. 1990, Kuzm

Send offprint requests to: E. Hag etal. 1997a) and, in parallel, the US Naval Observatory in 198
* Based on observations made with the ESA Hipparcos astromek§94 produced their machine readable versions. Independen

satellite, and on work by the Tycho Consortium in collaboration wituctions of the data sets onto the ICRS/Hipparcos system w
the INCA, FAST and NDAC Consortia. recently performed (Kuzmin et al. 1998, Urban et al. 1998a).
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Fig. 1a and b. Precision and systematic differences of TRC proper 4r ] R
motions relative to HIP fop3 078 common stars as functions of the -96 —éO -3;0 O 3‘0 6‘0 9’0

'kl)'ycho t.)lue'z magnitude3r. a Precisionp Systematic differences. Ab- Declination
reviation:pa« = fa cosd.
Fig. 2a—c. Systematic differences of the proper motigs in TRC,
as function of declinatiora TRC—HIP for93 078 mostly bright stars;
The Astrographic Catalog Reference Stars, ACRS (Corlif RC-TYC forthet58 601 stars withBr < 11.25mag;,c TRC-TYC
& Urban 1991) was prepared especially for the planned rér the remaining faintet91 636 stars.
reduction of the AC and therefore did not include that data set,

as PPM did. The ACRS was also exploited in the constructig)

. Povements of TYC, of aboutryc, may occur when a star has
Qf Fhe TRC (see Sect. 2.1), because HIP does not provide a Hfi or more widely separated AC epochs. The median external
ficient density of stars.

: tandard error of positions in TRC at J1991.25 is the same as
The Hipparcos and Tycho Catalogues, HIP and TY(? post ! !

. . or.TYC, i.e., about 40 mas.
(ESA1997) provide a much more accurate coordinate system of

positions and proper motions. They were immediately exploited
to improve the positional coordinate system of the AC and % The Tycho Reference Catalogue
combination with the Tycho positions to produce the proper mg- ,
tions contained in the ‘Astrographic Catalog and Tycho’ (AC -1 Construction of the catalogue
catalogue (Urban et al. 1998b) and TRC. The construction of the TRC shall here be described only briefly,
The comparisonin Sect. 3 of the proper motions in TRC withe details to be given elsewhere (Kuzmin et al. 1998).
those in ACT and with the proper motions in the Hipparcos In order to ensure a safe identification of stars between the
and Tycho Catalogues assesses its quality as far as presef@lyand TYC, stars with uncertain magnitudes and positions
possible. A truly external comparison is not possible, but tle TYC were rejected as well as stars with large significant
comparisonwith the TYC proper motions s of particular intereproper motions, leaving a subsetidf18 531 stars for the further
because these did not contribute to the construction of TRC. Trecessing.
comparison with ACT illustrates, only too well, the occasional The 22652 Astrographic Catalogue plates were reduced
ambiguities in identifying TYC stars in the AC, which in spiteonto the Hipparcos system with the method of zone-specific
of all efforts have lead to errors in either ACT or TRC. a-posteriori corrections (Kuzmin et al. 1997b) by means of the
Positions published in TRC are given for the epoch J2000ACRS and HIP. A preliminary investigation of ACRS (Kuzmin
They were derived by applying proper motion for the shoet al. 1997b) using HIP revealed significant systematic errors,
time interval between J2000.0 and the respective weighted medrich had to be corrected before it could be used in the plate
epoch. The mean epochs are typically about 1987, quite clesductions. The residuals after a first reduction with a linear
to the Tycho epoch, J1991.25, because the Tycho position ypéate model were analyzed for significant plate-scale systematic
assigned a much higher weight in the adjustment than the #&ms. In a second step these terms were also solved for, again
positions. TRC positions calculated for the TYC epoch willising the ACRS, and averaged for each zone. In the third step
not quite coincide with the TYC positions. The difference iall the systematic effects were applied as known corrections,
generally below 2 mas, but larger differences, supposedly iamd reduction with the linear reduction model was performed
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10°F "] squares fit. Unexpectedly poor fits led to the rejectioh3of52 L,'_J
St a | starsthe mostlikely reason being erroneous identification at 0 E
@ @ of the AC epochs. -
E 107~ 7 Due to the specifics of the TRC proper motion derivatio
% 102H - based on two close AC epochs and TYC, internal proper m
@ 10tE _| tion error estimates provided by the least-squares adjustm
0 account mostly for the random error of proper motions. Bast
10 WAL T U APkl ) . . .
on a comparison with Hipparcos, 1.6 mas/yr was added quad
-400 -200 0 200 400 icall £ idual . d thus deri
_ diff. of p.m. components TRC-ACT [mas/yr] ically tp account for residual systematic errors and thus deri
S 4 : : : : . an estimate of the external errors.
g ¢ b
= 3t / 2.2. Content of the catalogue
'Z 27 f The TRC content is precisely described in connection with i
- 3 distribution through the CDS. Briefly, the catalogue contai
S e g
© 1? 3 for each star: the TYC identifier, position and proper motio
o of ‘ ‘ ‘ ‘ 3 referred to the International Celestial Reference System, ICR
@ 8 9 10 11 12 (Feissel & Mignard 1998) along with the respective standa
B, errors. Furthermore, the TYC magnitudés;, V) and various

flags are given.
Fig. 3a and b. Comparison between TRC and ACT proper motions.

a distribution of differences (note logarithmic scaldd)standard de-
viation of the differences. 3. Verification and quality assessment

The positions of TRC are practically identical to the TYC pos
again, but now using Hipparcos as the reference cataloguetiéfis at epoch 1991.25 as already discussed in Sect. 1. The
AC plates for which Hipparcos did not provide the necessapyoper motions need, however, an assessment of their qua
minimum number of reference stars were reduced onto the o@ith respect to random and systematic errors. Presently o
rected ACRS. three catalogues are suited for this purpose: HIP, TYC and AC

Preliminary proper motion residuals, TRC-HIP, were an@one of which being strictly external to TRC. Based on the qua
lyzed in each zone for magnitude equation and the three sigpof the Astrographic Catalogue and the epoch difference
reduction was repeated if necessary. Finally, the resulting prop&fC of some 85 years, one cannot hope for a better precisi
motions were again compared with the proper motions in tkigan about 2.5 mas/yr.

Hipparcos Catalogue and a residual magnitude equation, now

as a function of declination rather than just zone, of up to ab & Comparison with the Hipparcos Catalogue
0.5 mas/yr/mag, were found by a robust method. This correction”
was applied to obtain the final TRC. The Hipparcos Catalogue was the primary reference catalog

Colour-dependent terms were also investigated, but wéoe TRC and a strong correlation between TRC and HIP prop
found to be negligible compared with the magnitude equatiomotions must be expected. Fig. 1 shows the precision and s

Insummary, the ACRS was brought to the Hipparcos systaematic differences of TRC relative to HIP as function of th
and used together with HIP to bring AC as close as possibleTicho blue magnitude3r. Robust estimates have been use
HIP. In contrast, the AC reduction for the ACT relied stronglirhe errors in Fig. 1a were obtained as one half the differen
on the original ACRS and only made the transition to HIP asoetween the 84th and the 16th percentiles in the distributig
last correction. function corrected for the contribution from HIP, and the syg

The matching of the resulting positions for each plate wittematic differences in Figs. 1b are obtained as median valu
stars in TYC did not use any proper motion, but assumed an Ofte precision of about 2.2 mas/yr which follows from Fig.
per limit of 180 mas/yr to define the size of the search windosannot be expected to represent a valid estimate for the ng
Cases of doubt were resolved, if possible, by means of the mélipparcos stars.
nitudes given in the two catalogues. Thus, no kinematic bias
was introduced, as could happen e.g. if the closest candi . .
had been chosen. The price to pay is that high proper mo?%tr? Comparison with the Tycho Catalogue
stars are excluded from TRC, but they will often be HIP stafihe Tycho proper motions were not used in the construction
and already have good proper motions. This strategy is very diRC and constitute the best source for estimating the syste
ferent from the one used for the ACT, which used TYC propetic errors of the TRC proper motions. Such a comparison
motions and relied on astrometry rather than photometry. be dominated by the rather low precision of the TYC prope

The proper motions were constructed from one TYC porotions of about 40 masl/yr, but this is partly compensated
sition and typically 2—3 AC positions using a weighted leaseir large number and very small systematic errors with respég
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to HIP (cf. Fig. 18.3 of Vol. 4 of ESA 1997). Fig. 2 shows the\cknowledgements. The Tycho Reference Catalogue is one of the
systematic differences, TRC-TYC, @f as a function of decli- main outcomes of the Hipparcos mission and the present authors want
nation for stars common to TRC and ACT. Each point represet@gxpress their gratitude to the Hipparcos Science Team for access to
the trimmed mean value for 5000 stars. The figure confirms tt{3¢ Hipparcos and Tycho results in advance of publication and their
systematic errors, as function of declination or magnitude, gfgPreciation of the efforts of the many individuals and organisations
generally below 1 mas/yr, at least fBg- < 11. A minor part of participating in the Hipparcos and Tycho projects over many years.

the small trends as function of declination common for Figs %tgis work was supported by the Danish Space Board and the Velux
gs. undation of 1981, by the Russian Foundation for Basic Research, by

and2c (Ofthe order0.5 mas,yr). may be due to erro_rs in th? quﬂg Swedish National Space Board and by the Deutsche Forschungs-
proper motion system, but AC is probably the main contributQfemeinschaft. We finally wish to thank an anonymous referee for con-

The corresponding diagrams (not shown) figr. look similar.  structive comments on an earlier version of this paper.
We conclude that the systematic errors of TRC proper motions
are less than about 1.0 mas/yr. For the faintest stars, however w?

; erences
cannot rule out larger systematic errors, up to 2.5 mas/yr. T §
is indicated by the differences between Figs. 2b and 2c becaBsstian U. et al. 1993, PPM Star Catalogue. Vols. lIl, IV. Heidelberg,
a magnitude effect is more likely in AC than in TYC. Spektrum Akademischer Verlag

CorbinT.E., Urban S.E. 1991, Astrographic Catalogue Reference Stars,
. . U.S. Naval Observatory, Washington
3.3. Comparison with the ACT catalogue ESA 1997, The Hipparcos and Tycho Catalogues, ESA SP-1200

The TRC and the ACT catalogues have the same aim and &€l M., Mignard F. 1998, A&A 331, L33 .
based on the very same observational material, but differ&Ifid E:- 1997, Proceedings of ESA Symposium ‘Hipparcos -
. . . Venice'97’, ESA-SP 402, 25

strategles were gdopted for the reduction of the AC materl_al_,_ Sg E., Jaschek C., Lindegren L. 1982, ESA SP-177, 21

Cross _|dent|f|cat|0n between TYC_ and AC and also the initi imov K. 1997, Conventional plate adjustment of the Astrographic

selection of TYC stars. A comparison between ACT and TRC  catai0gue, Azh, to appear

is of interest because it can tell about errors introduced by tk@zmin A. et al. 1997a, IAU Symposium 179, 409

adopted plate models and also errors in the cross identificatiogzmin A. et al. 1997b, Proceedings of ESA Symposium ‘Hipparcos
Although TRC and ACT both contain abo®@0 000 stars, - Venice'97’, ESA-SP 402, 125

they have only950290 stars in common. The ACT containsKuzmin A. et al. 1998, The Construction of the Tycho Reference Cat-

38 468 stars not in TRC and TRC contaifg 892 stars not in alogue (in preparation)

ACT. These latter are flagged in TRC. Nesterov V.V., Kislyuk V.S., Potter H.l. 1990, IAU Symposium 141,
The distribution of differences between TRC and ACT 482 ) .
proper motion components is shown in Fig. 3a and the Staﬁ{)_sers., Bastian U. 1991, P_PM Star Catalogue, Vols. | and II. Heidel-

dard deviation in Fig.3b. The standard deviation, of abo berg, Spekirum Akademischer Verlag
9. " b Hgsers., Hgg E. 1993, Databasesfor galactic structure, A.G. Davis
2.65 masl/yr, exceeds the mfternal standard errors of e|Fher Cata‘PhiIip, B. Hauck, A.R. Upgren (eds.), L. Davis Press., 137
logue and demonstrates, without the least mercy, the immeQggan s E. et al. 1998a, AJ 115, 1212
importance of the reduction model used. More th000 stars - yrban S.E., Corbin T.E., Wycoff G.L. 1998b, AJ 115, 2161
(2 per cent) differ more than 10 mas/yr in eithet. or us
(flagged in TRC) and a few differ even by more than 400 mas/yr.
This clearly demonstrates the difficulties involved in spanning
up to 100 years in a cross identification, which could have been
ameliorated by including observations from more epochs.

4. Conclusions

We have presented a new large reference catalogue, the Tycho
Reference Catalogue, providing an accurate, dense and stable
realization of the ICRS/Hipparcos system. External errors in
proper motions are below 2.5 mas/yr and internal errors are of
the same size. A sequel, the TRC2, of 2.5 million stars is in
progress and a first version, Tycho2, will appear in 1999.
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