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Abstract. We cross-correlate the Herbig & Bell and Hipparindication that YSOs could migrate far away from the region
cos Catalogues in order to extract the results for young steltditheir formation on short time-scales. Propositions to explain
objects (YSOs). We compare the distances of individual youttys fact included the formation of stars in fast-moving molecu-
stars and the distance of their presumably associated moleclaacloudlets (Feigelsan 1996) or tidally-induced escapes within
clouds, taking into account post-Hipparcos distances to the retaultiple systems (Armitage & Clarke 1997). However, the re-
vant associations and using Hipparcos intermediate astrometgat finding that many of these pre-main sequence objects are
data to derive new parallaxes of the pre-main sequence stacst likely the low-mass counterpart of the Gould Belt OB as-
based on their grouping. We confirm that YSOs are locatedsaciations (Guillout et al. 1998) reconciles the ROSAT results
their associated clouds, as anticipated by a large body of wonlth the conventional idea that these stars formed in (now dis-
and discuss reasons which make the individual parallaxespefsed) molecular clouds.
some YSOs doubtful. We find in particular that the distance of Another observation which may contradict the hypothesis
Taurus YSOssa group is entirely consistent with the molecu-that YSOs and molecular clouds are associated was recently
lar cloud distance, although Hipparcos distances of some faieported by Favata et al._(1998). On the basis of the Hip-
Taurus-Auriga stars must be viewed with caution. We then imarcos satellite astrometric measurements, these authors assert
prove some of the solutions for the binary and multiple pre-matinat some classical T Tauri stars (CTTSs) of the Taurus-Auriga
sequence stars. In particular, we confirm three new astromestiar-forming region are apparently much closer than previously
young binaries discovered by Hipparcos: RY Tau, UX Ori, artiought and may not belong to the Taurus clouds. If this result
IX Oph. were proven true beyond reasonable doubt, consequences for
the physics of star formation and evolution of solar-type stars

Key words: stars: distances — stars: formation — stars: pre-maimuld be far-reaching, since arguments for the youth of a given
sequence — stars: variables: general stellar object relate primarily to its location in the vicinity of
molecular clouds.

Four arguments are used to infer pre-main sequence status

1. Introduction of a solar-type star:

Star formation is widely thought to occur in molecular clouds;~ @ssociation with OB stars (e.g., in the Orion Trapezium re-
which then provide the raw material from which stars can ac- 9ion);

cumulate during the course of the gravitational collapse. While @ssociation with dark or bright nebulosity (e.g., in the
many details of the star formation process remain topics of con- Taurus-Auriga region);

troversy, the idea that most young stellar objects (YSOs) shoufd location above the main-sequence in the Hertzsprung-

be physically associated with molecular clouds remained un- Russell Diagram; . _
challenged until recently. — presence in the spectrum of thé707 A Lil resonance line

Two observational findings in the last few years did, how- (with equivalent width larger than in ZAMS stars of the same
ever, cast some doubt on this widely held belief. First came the SPectral type).
discovery by the ROSAT satellite of a population of X-ray active - 4 first two criteria are straightforward: OB associations

pre-main sequence stars—many identified as weak-emission ige s o1t jived, which guarantees the youth of associated low-
T Taun stars (WTT_SS) B e_xtendlng far pgyond the bounqa”ﬁﬁass objects, while physical association of a star with a cloud is
of known star-forming regions (e.g., Neatrser et al. 19953, gjther seen at the telescope when close reflection and emission
Neufauser et al. 1995b). This result was at first taken as g |ae are present—as s the case in the vicinity of many CTTSs
Send offprint requests to: Claude Bertout —orinferred from kinematic studies (e.g. Jones & Herbig 1979).

* Based on observations made with the ESA Hipparcos astrometry The last two criteria above are more indirect. The location
satellite in the H-R diagram depends on the assumption made about the




C. Bertout et al.: Revisiting Hipparcos data for pre-main sequence stars 575

respective luminosities of photosphere and circumstellar matséiows the Hipparcos parallaxin milliarcsecond (mas), with

in a given object (Kenyon & Hartmann 1990), as well as on ttetandard erros as indicated in Column 8. Column 9 indicates
assumed distance. Lithium is, in theory, destroyed early in ttiee derived distance in pc for stars with> 20, (marked ‘")
star history, when the temperature at the bottom of the convaad for stars withr > 30, with error bars corresponding to
tion zone reaches aboRtx 10° K, but the lithium abundance +1. Column 10 gives the flag found in Field H59 (Double and
may be dependent on variables other than age (cf., e.g., VenMudtiple Systems Annex flag) of the Hipparcos Catalogue, the
etal. 1998). meaning of which we now briefly describe.

If some CTTSs appear to be located nearby, and thus far Forthe majority of Hipparcos stars, the astrometric solutions
away from known star-forming region, as suggested by Favatare derived using a single star model, where the five astromet-
et al. (1998), one must then choose between two equally unsietparameters are the equatorial coordinate®), the proper
tling possibilities: (a) either they are young stars, and one musbtion componentsd,., xs) and the parallax. However, de-
explain how they arrived at their present location, or (b) thegcted non-single stars received different solutions, depending
are field stars that mimic YSOs, and one must understand howthe nature of their duplicity. Five different possibilities are
this is possible. Needless to say, there are no obvious answerted in the H59 Field by different flags: either the system was
to these questions, and the entire picture of low-mass star fasolved into several components with an assumed linear mo-
mation would have to be fully revised in order to account fdion (component solutions, Flag C in Field H59), or an orbital
these observations. solution could be computed (Flag O), or the duplicity was de-

This paper provides a detailed re-examination of Hipparctected by a non-linear motion of the photocentre (acceleration
satellite data for TTSs, focusing mainly on distances and birswlution, Flag G), or by the variability of one component, result-
rity/multiplicity properties. Data are discussed in Sect. 2. Sectirgy in a specific motion of the photocentre (VIM solutions: Flag
then examines the Hipparcos results relevant to YSO and molgg;-or by an excess scatter of the measurements possibly due to
ular cloud distances, and concludes that Hipparcos distancesfehort-period variation of the photocentre (stochastic solutions,
young stars are generally consistent with their expected phifag X). We emphasize here that the value of the derived paral-
ical association with molecular clouds. The same conclusitax depends on the adopted astrometric model. It may happen,
was reached independently by Wichmann et(al. (1998), but fee example, that a single-star model was given in the Catalogue
extend their analysis by providing new astrometric solutions ftor a star which is now known to be a spectroscopic binary. One
groups of TTSs in various star-forming regions. We then studgan then go back to the one-dimensional measurements archived
the binarity/multiplicity Hipparcos data in Sect. 4. There, win the Hipparcos Intermediate Astrometric Data, CD-ROM 5, in
discuss or improve the astrometric data reductions for sevesader to compute an orbital solution for this system, resulting in
YSO systems, using Hipparcos intermediate astrometric datpresumably more accurate value of the parallax and other as-
and, when available, taking advantage of recent spectroscdpitnetric parameters. The reader is referred to ESA{1997) for

information. a detailed explanation of astrometric solutions for non-single
stars.
2. Hipparcos Cata|ogue data for pre_main Sequence stars CrOSS—identification Of the HBC and HipparCOS stars iS in

) ) ) most cases obvious. Only 4 stars of Table 1 are not cross-
The sample of young stars contained in the Herbig & Belientified in the SIMBAD database. They are the visual pair
(1988) Catalogue of Orion population objects with emissiqqp 54738 and 54744, and the two single stars HIP 78053 and
lines (HBC) and observed by the Hipparcos satellite is fairly|p 114995. The latter two stars are unambiguously identified
limited:13 Herbig Ae/Be stars (7 of which have significant pagg |m Lup and V628 Cas (MWC 1080) by inspection of the
allax values); 16 CTTSs, 10 of which have significant parallaxggjevant sky regions. The situation is more confused for the HIP
7WTTSs or SU Aurigae stars, 4 of them are positively detecteslizag and 54744 pair, which is identified as CCDM J11125
and 9 stars with uncertain pre-main sequence status, 4 of whieg44A/B in SIMBAD. Comparing the Hipparcos Input Cata-
have significant parallaxes. logue (HIC, Turon et a[. 1992) to the Hipparcos Catalogue, it
Table[1 displays the TTSs found both in the HBC and i§eems that HIC 54738 was erroneously written down as HIP
the Hipparcos Catalogue (ESA 1997). Column 1 gives the st744. A careful examination of the sky atlas and arguments

name, while Columns 2 and 3indicate its HBC and HIP numbgjiven in Sect. 4 lead us to propose the identification HIP 54738
respectively. Entries are in order of increasimgColumn 4 - cv cha and HIP 54744 = CW Cha.

indicates the associated nebular region, and Column 5 indicates|y each star forming region (SFR), we searched for addi-
the object type according to the HBC nomencldlureCTTS _tional pre-main-sequence stars observed by Hipparcos and lo-
is denoted ‘tt’, a WTTS is called ‘wt’, a member of the Herbigated in the vicinity of the stars given in Table 1, in order to
Ae/Be (HAeBe) group is noted ‘ae’, and a SU Aurigae-typgnprove the precision of the mean parallaxes. In addition to
star is marked ‘su’. A *?’ symbol indicates an uncertain typ@Bc stars, we thus considered HAeBe stars not found in the
while a *’ symbol denotes uncertain pre-main sequence statyfisc put listed in the T8 et al. (1994) Catalogue along with
Column 6 gives the median Hipparcos magnitude, and Columggung stars, mainly of WTTS type, which were discovered by

1 Exceptfor V773 Tau, whichis a CTTS withforbiddenline emissiof1€ ROSAT satellite in the vicinity of star-forming regions or
and sizable IR excess, and nota WTTS as indicated in HBC. Wh|Ch form multlple SyStemS W|th stars Of Ta.e 1 We reStrICted
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Table 1. Parallaxes and binary flags for young stellar objects in the HBC

Star HBC HIP Location Ty. H, s Or D H59

(1) () (3) (4) (5) (6 (7) (8) 9) (10)
V594 Cas 330 3401 L1291 ae 10.67 334 163 28 -
XY Per 349 17890 L1449 ae  9.43 8.33 349 120 C
V773 Tau 367 19762 B209 wt  10.86 988 271 18 \%
V410 Tau 29 20097 B7 wt  10.91 731 207 13} -
BP Tau 32 20160 L1495 tt 1212 1898 4.65 %3 -
RY Tau 34 20387 B214 tt  10.50 749 218 134 \Y
HDE 283572 380 20388 B214 su  9.16 781 130 "¥8 -
T Tau 35 20390 L1546 tt  9.98 5.66 158 178 -
DF Tau 36 20777 L1521 tt 1208 2572 6.36 133 \Y;
UX Tau A 43 20990 L1551 wt 1117 -6.68 404 - \Y;
AB Aur 78 22910 L1517,19 ae  7.08 6.93 095 142 -
SU Aur 79 22925 L1517,19 su  9.40 6.58 1.92 1% -
UX Ori 430 23602 L1615? ?  10.70 061 247 - \Y
RW Aur 80 23873 - tt 1030 14.18 6.84 7% X
CO Ori 84 25540 anon su 10.78 -1.82 280 - G
AB Dor 435 25647 - * 705 66.92 054 1492 G
GW Ori 85 25689 B225 tt  10.00 325 144 308° -
CQ Tau 464 26295 - ? 10.63 10.05 2.01 18 -
V380 Ori 164 26327 NGC 1999 ae 10.35 372 548 - -
BF Ori 169 26403 11640,41 ? 1018 -0.67 1.80 - -
HD 250550 192 28582 L1586 ae  9.55 1.65 151 - -
HD 259431 529 31235 NGC 2247 * 8.70 345 141 2¢° -
Z CMa 243 34042 L1657 ae 9.78 -091 221 - \%
NX Pup 552 35488 CG1 ae 10.22 1.99 238 - C
TW Hya 568 53911 - tt 11.07 1772 221 Sp -
CR Cha 244 53691 Chal tt  11.45 6.97 187 %3 -
DI Cha 245 54365 Chal tt 10.81 477 282 - X
CU Cha 246 54413 Chal ae 853 570 0.76 E5 -
CV Cha 247 54738 Chal tt  11.20 314 739 - C
CW Cha 589 54744 Chal tt 13.76 314 7.39 - C
T Cha 591 58285 DCId300.2-16.9 ? 11.95 1506 3.31 *l86 -
IM Lup 605 78053 Lup3 wt 1172  -477 1379 - C
RU Lup 251 78094 Lup2 tt 1117 434 356 - -
RY Lup 252 78317 Lup3,4 tt 11.56 9.26 283 108 -
V856 Sco 619 79080 Lup3 ae  7.07 481 087 208 -
V1121 Oph 270 82323 L162 tt 1142 1051 277 *¢b -
AK Sco 271 82747 anon tt 9.35 6.89 144 143 -
IX Oph 272 83963 B59 ?  11.05 -0.26 264 - \Y
FK Ser 664 89874 L405? tt  10.75 9.42 6.17 - C
R CrA 288 93449 NGC6729 ae 11.61 121.75 68.24 - X
V1685 Cyg 689 100289 anon ae 10.62 9.25 223 168 \%
BD+413731 693 100628 1897,99 ? 9.92 041 115 - -
HD 200775 726 103763 NGC7023 ae 7.41 233 062 479 -
BD +46 3471 310 107983 IC5146 ae 1022 -0.83 147 - -
DI Cep 315 113269 - tt 11.50 350 215 - -
MWC 1080 317 114995 anon * 1156 -698 333 - -

ourselves to those stars with confirmed pre-main sequence staNote that the Hipparcos data of a large sample of HAeBe
tus discussed in the series of papers on ROSAT observationstafs, containing a number of likely members of the class in
SFRs (Neubuser & Brandner 1998, Krautter etial. 1997, Akcaladdition to those contained in HBC, were recently discussed
et al.[1995, Wichmann et al. 1996, Aléadt al 1997, Covino by van den Ancker et all (1987); we thus won't discuss them
et al.[1997, Frink et al. 1998, Terranegra ef al. 1999). Tabldrlividually further here but will use them to compute mean
(with entries similar to Table] 1) summarizes properties of theparallaxes of YSO groups.

additional pre-main sequence stars.
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Table 2. Additional young stellar objects connected with the T associations and used in distance determinations

Star ROSAT HIP Location Ty. H, 0 On D H59

@) 2 B @ G 6 O © ©) (10)
BD+11533 RXJ0352.4+1223 18117 Tau wt 100 655  1.6253150 -
HD 284149  WKS96 6 19176 Tau wt  9.71 6.43  1.84156752 -
HD 28150 - 20780 Tau ae 6.96 8.04 153124739 C
BD+17 724B  WKS96 30 20782 Tau wt 952 769 17.39 - C
HD 283798  WKS96 50 21852 Tau wt 9.69 868 1.3315%3 -
HD 31648 - 23143  Tau ae 7.79 7.62 118131177 -
HD 37061 - 26258 OrionNeb. ? 6.82 277 0886115
HD 97300 CHXR 42 54557 Chal ae 9.06 5.33  1.0188"3] -
HD 96675 RX J1105.9-7607 54257 Chal ae 7.74 611 0.8647% -
HD 104237  RXJ1200.1-7811 58520 Cha 3? ae 6.65 8.61 0583 -
HD 102065 - 57192 DC300-17 ae 6.64 595 0526875 -
V1027 Sco KWS97 Lup340 79081 Lup3 ae 6.63 4.15 0.8%41759 -

3. Parallaxes of TTSs and associated clouds @
CTTSs and WTTSs observed by Hipparcos are among 1 ¢ ]
brightest members of their respective classes, although they
some of the faintest stars in the Hipparcos Catalogue. Amcé °
the 31 stars with significant parallaxes in Taljles 1[dnd 2, 14 ig
in the Taurus-Auriga star-forming region, 1 is located in orioE |
6 are associated with the Chameleon and 2 with the Lupus S‘f=:§ 3
forming regions, 3 are within the Scorpius cloud complex, arg 1
the other ones are more isolated HAeBe stars and the nee 2 . °

CTTS TW Hya. Te® s

3.1. Data quality 12

As afirst check on data quality, we consider the standard errol ® ®)

the parallax measured by Hipparcos. While the derived parall . °

accuracy of the sample of young stars measured by Hipparg , _| ® .
depends on the medidt, stellar magnitude, it is typically Iess% ® °
than about 2 mas, in agreement with the average accuracy¢ 4 ® .
the Hipparcos Catalogue (cf. Hig. 1). The faintest stars of ttg :\ . :{ ...". o AR
sample, BP Tau and DF Tau, are those two CTTSs whose (s —W‘\ %% o o,

tances appear considerably lower than their associated clot* ) .‘." %’ %0 ’ ®
The standard errors of their parallaxes is a factor 2 or mc
larger than standard errors of other stars in the YSO s&np!
which should be compared to parallax accuracies derived
the low-luminosity end of the Hipparcos Catalogue. Eig. 1 al

displays (lower panel) parallax standard errors of the faintest

stars with reliable parallaxes found in the Hipparcos Catalog(id- 1. Panei Relationship between median Hipparcos magnitige
. Hp . _and parallax standard err@for the pre-main sequence stars of Table 1.
which follows thex 1075 law expected from photon noise

) . Only positively detected stars with > 30 are plotted here. Panel
only. It shows that DF Tau's parallax standard error is larggrsame as Panel, but for the low-luminosity end of the Hipparcos
by a factor 1.5 than the standard error of stars with comparablgalogue.

magnitude, while BP Tau does not stand out in this sample. Ex-
cept for DF Tau, then, the precision of parallaxes for the sample
of_ p05|.t|vely detected YSOs appearsto be of a quallj[y conastg,r_mé_ Mean distances of T associations
with Hipparcos data for stars of comparably low brightness.
In each T association, stars were grouped according to their po-

2 Note that RW Aur has a large parallax error in spite of its relat@tions and common motion. Mean parallaxes of these groups
brightness. This is presumably due to the strong variability of théere then derived from the_lmermEd'ate datg (i.e., the abscissae
CTTS. Its measured parallax is only slightly aboveghd cannot be on the Reference Great Circles of the satellite; cf. ESA 1997),
considered significant. using the method developed by Robichon et al. (1999) for com-

0 T I T I T I T I T I T I
12.00 12.15 12.30 12.45 12.60 12.75 12.90

median Hp magnitude
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Table 3. Distance indicators for the Taurus cloud Group 2, in Auriga, contains HIP 22910, 22925, 23143, and
23873. The mean parallaxi€)8+0.71 masand.13+0.75 mas
HD HIP 7 or  fax Opax  Hs  ou; HS9 when removing HIP 23873 which has a stochastic solution.
26154 19634 6.19 1.13 -15.79 1.14 -2553 0.89 C Group 3, around T Tau itself, contains HIP 20780, 20782,
28149 20789 7.86 0.75 -0.35 0.75 -13.25 0.70 - 20990 to which one could attach HIP 19176 and 20390 which
30378 22314 5.10 1.02 512 099 -25.84 0.72 - are a few degrees beside them. Unfortunately, only HIP 19176
31293 22910 6.93 095 1.71 1.05 -24.24 0.69 - and 20390 have an empty H59 field. HIP 20780 and 20782 form

a two-pointing double system (C in H59) in the Hipparcos Cat-

alogue. HIP 20780 has a reliable solution while HIP 20782 is 3

magnitudes fainter and has a very uncertain solution. HIP 20990
puting the mean astrometric parameters of stellar groups. Tisis faint VIM with an unreliable solution. The mean parallax
method explicitly takes into account the fact that the Hipparco$ these 5 stars i5.66 + 0.88 mas. It is5.80 =+ 0.90 mas us-
parameters are correlated within a few square degrees. ing the three reliable stars HIP 19176, 20390 and 20780 and
5.96 £ 1.20 mas using only the two single stars HIP 19176 and
20390.

Putting the 8 single stars (H59 empty) together, we obtain a
The morphology and distance of the several molecular cloutiean parallax of the Taurus-Auriga complexdfl +£0.49 mas
forming the Taurus-Auriga complex is summarized by Ureorresponding to a distance 03911,0 pc. Using the most re-
gerechts & Thaddeus (1987). They adopted a mean distatiable parallax value for each group (those obtained with the
of 140 pc from previous analyses based on star counts, phimgle stars only), the three groups are respectivel2at 3,
tometric distances of reflecting nebulae and reddening versus 1% and 16852 pc. These values, although statistically in
distance diagrams of field stars. Several of the young stars agreement, could reflect real distance differences of about the
served by Hipparcos in that region are located in the centgglgular size of the complex.
part of Taurus, the distance of which was determined by Racine
(1968) and Elias (1978) from the photometry of a few brigha; 5 2. Orion
stars associated with nebulosity. By chance, all the calibrators ™
used by Elias (1978) were observed by Hipparcos, and in Tarion is a very large complex of molecular clouds with sev-
ble[3 we give the Hipparcos astrometric parameters of theseal distinct regions (cf. Maddalena etlal. 1986). The complex
objects. The weighted average paral}@x(; /o?) /> (1/0?) has practically no tangential reflex solar motion so that YSOs
and associated standard deviatigh/ " (1/02) of these dis- are impossible to separate from field stars using astrometric pa-
tance indicators i6.78 + 0.46 mas, corresponding to a distancéameters. The only star with detected (marginally significant)
of 147"L! pc. This rough average Hipparcos parallax is thus prarallax in the Tablg]1 sample is GW Ori. It is associated with
perfect agreement with previous estimates (cf. Kenyon et &lolecular clouds surrounding the HIl region excited by the O8
1994). star)\ Ori, HIP 26207, at a distance 824742° pc; and the de-

The 17 stars selected in the Taurus-Auriga region were dved distance of GW Ori is consistent with this value. The star
vided into 3 groups of respectively 5, 4 and 5 members. TheéC® Oriis also in the same vicinity, but it is fainter with parallax
remaining stars HIP 18117, 20777 and 21852 are too isolagi@ndard error comparable to its expected parallax.
to be included in a group. The astrometric parameters of these Inadditionto the starslisted in Table 1, 15 presumably young
stars and their mean values are summarized in Table 4. Thion stars are found in the Hipparcos Catalogue: the HAeBe
term Gor there refers to the goodness-of-fit of the astrometrigars HIP 24552, 25299, 25546, 26594, 26752 and 27059 (from
solution (cf. ESA1997, p. 112). van den Ancker et al. 1997), and 9 stars detected by ROSAT

Group 1 contains stars around the cloud L 1495. Their properthe Orion Nebula cluster (Gagne et/al. 1995) — HIP 26220,
motions are quite similar and reinforce the hypothesis they &©221, 26224, 26233, 26234, 26235, 26237, 26257 and 26258.
part of the same structure. The mean parallax of these 5 st@fy the last of these stars has a (marginally) significant paral-
is 7.65 £+ 0.98 mas and7.97 + 1.14 mas when removing the lax. Two other Orion stars detected by Rosat, HIP 26081 and
two VIMs HIP 19762 and 20387. Nevertheless, HIP 20160 (B¥926 are foreground stars according to their Hipparcos paral-
Tau), has an individual parallab8.98 + 4.65 mas, larger than laxes: respectively9.45+3.88 mas and 9.94+0.83 mas. The
these mean values. The mean parallaxis & 1.15 mas using Orion nebula cluster is probably not a bound cluster but part of a
only the two single stars HIP 20097 and 20388, which each h&#@pc long structure connected with the Orion OB1 association
an empty H59 field. BP Tau is then at more thanf@®om these (Tian et al. 1996). Among the Hipparcos-detected stars in this
values. It is unclear whether the star is a member of the grotigster, only HIP 26258 has an empty H59 field. HIP 26220,
with a diverged parallax or is really closer than the group. R6221 and 26224 are three components of a quadruple system,
the latter case, it would be an unlikely coincidence that this stdP 26233, 26234, 26235 and 26257 are also flagged C in H59,
would be just in front of a T association with a similar propewhile HIP 26237 has a stochastic solution. No mean parallax
motion but a distance less than twice as small. We shall discgssild therefore be determined for these objects. HAeBe stars
BP Tau in some detail in Sect. 4.

3.2.1. Taurus-Auriga
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Table 4. Astrometric parameters of stars in the Taurus-Aurigae complex. For each group, two mean values, with their standard errors and
goodness-of-fit¢or), are indicated. The first has been computed using all the stars, while the second considers only single stars (i.e., stars with
an empty H59 field).

Name HIP ™ On T Clios ths ous  H99
1) 2 3 “4) ®) (6) () ®
Isolated stars
BD+11 533 18117  6.55 1.62 6.37 1.79 -16.60 1.50 -
DF Tau 20777 25.72 6.36 1448 6.25 -26.38 4.26 \Y,
HD 283798 21852  8.68 1.35 -0.70 1.35 -20.56 1.04 -
Group 1 (L1495 region)

V773 Tau 19762 9.88 2.71 0.65 255 -24.89 1.89 \Y,
V410 Tau 20097 7.31 2.07 6.04 238 -27.44 1.77 -
BP Tau 20160 18.98 4.65 528 543 -33.13 394 -
RY Tau 20387  7.49 2.18 9.08 262 -23.05 1.89 \Y
HDE 283572 20388  7.81 1.30 7.52 157 -27.45 1.14 -
Mean (all stars) m™=7.65+£0.98 GoOr=1.32

Mean (single stars) T=797+t1.14 Gcor=0.76

Group 2 (Auriga region)

AB Aur 22910 6.93 0.95 1.71 1.05 -24.24 0.69

SU Aur 22925 6.58 1.92 0.17 224 -21.69 1.28

HD 31648 23143 7.62 1.18 6.25 122 -23.80 091

RW Aur 23873 14.18 6.84 9.69 7.36 -21.92 3.91 X
Mean (all stars) T=708+£0.71 GoF=5.39

Mean (single stars) T=713£0.75 GoOr=0.63

Group 3 (south Taurus)

HD 284149 19176  6.43 1.84 6.00 165 -1540 124 -

T Tau 20390 5.66 1.58 1545 188 -12.48 1.62 -

HD 28150 20780 8.04 1.53 283 218 -17.77 185 C
BD+17 724B 20782  7.69 17.39 -5.93 25,67 -33.28 20.88 C
UX Tau A 20990 -6.68 4.04 859 508 -27.42 3.78 \Y

Mean (all stars) m=5.66+0.88 GOF=3.27

Mean (single stars) T=596+£120 Gor=-0.13

All stars
Mean (single stars) T=721£049 Gor=0.83

Table 5. Distance indicators for the Orion R1 and R2 associatiortd61 fields, except for HD 38087, a double with published com-

(Racine 1968) ponent solution. The mean weighted parallax of the Orion dis-
tance indicators, to which we add the star HIP 26258 discussed

HD/BD  HIP ™ On above, is2.63 £+ 0.49 mas. This corresponds to a distance of

36540 25954 1.79 1.19 381785 pc, to be compared to the value@tf) + 50 pc derived

-06 1253 26327 3.72 5.48 by Racine.

37674 26683 3.08 1.07
37776 26742 1.96 0.98
38087 26939 5.02 1.89 3.2.3. Chamaeleon
The Chamaeleon, Lupus, and Scorpius clouds have spatial ve-
locities close to that of the Sco OB2 (Scorpius-Centaurus-
outside the Orion nebula cluster are more isolated and canbopus-Crux) association, aroudd, V, W) = (0,—-12,0) +
be grouped to compute mean parallaxes. (5,5,5) km s1. The histories of these SFRs are certainly con-
We can nevertheless derive a new, post-Hipparcos estimaéeted even if their present ages, motions and distances are not
of the distance to the Orion A and B clouds by considerirgkactly the same.
the distance indicators of Racine (1968), which are members of The distance of Chamaeleon clouds has been a topic of con-
the Orion R1 and R2 associations. Among the 8 stars studiesversy for a long time; earlier estimates ranged from 115 to
by Racine, 5 were observed by Hipparcos. Their parallaxes @5 pc for Cha 1, and from 115 to 400 pc for Cha 2. From a re-
given in Tabldb. All these stars are single with empty H59 and
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cent re-investigation of the reddening with distance over a largkthe association (abo@7°), and assuming that it is nearly
area around the clouds, Whittet et al. (1997) conclude that tgherical, the distances of individual members are expected to
most probable distance of Cha 1180 + 15 pc, and that of Cha range from about 110 to 190 pc. Two positively detected stars of
2is178 £+ 18 pc. A similar analysis using Hipparcos distancesur sample (RY Lup and V856 Sco) are apparently associated
gives essentially the same result (Knude & iHgg 1998). with clouds of the Lupus star-forming region, and their distances

We can use 10 stars to compute mean parallaxes of groaps compatible with the above range.
in the Chamaeleon region. In Cha 1 there are four CTTSs: Six stars connected with the Lupus complex can be used for
HIP 53691, 54365 and the pair HIP 54744 and 54738. Themputing mean parallaxes: HIP 77157, 78094, 78317, 79080,
two Herbig Ae/Be stars HIP 54413 and HIP 54557 are usi@9081 and 78053. HIP 77157, 78094 and 78317 are TTSsin Lu-
ally associated with Cha 1 because of their reflecting nebulogits 1, 2 and 4 respectively. HIP 79080 and 79081 are the bright-
ties. Inclusion of HIP 54257 is more speculative, since it &st stars of a quadruple system (at least) in Lup 3. HIP 79080
a B star not known as a Herbig star but detected by ROSAS.a Herbig Ae star and 79081 a peculiar B star. HIP 78053 is
On the basis of its Hipparcos proper motion and parallax, TerWTTS in Lupus 3 with a poor Hipparcos solution and a flag
ranegra et all (1999) believe that it is a probable member @l4n field H59. We don't include six other WTTSs discovered
though Gry et al. (1998) place it just behind the Cha 1 corby ROSAT (Krautter et al. 1997 and Wichmann et al. 1997) and
plex. The mean parallax of these 7 star$.86 + 0.45 mas, discussed by Newtuser & Brandnef (1998) because they have
whereas it i$5.96 £+ 0.45 mas when considering only the fourproper motions not exactly in agreement with CTTSs, so that it
stars with an empty H59 field, corresponding to our best esg-quite impossible to decide whether they are members ofthe T
mate of 16&%;l pc for the Cha 1 distance. Note that the grougssociation, the OB association or are young field stars instead.
mean parallax is onl§.71 + 0.62 mas when also removing the ~ The mean parallax computed for the 5 stars with an empty
possibly dubious member HIP 54257, which rules out that thit59 field is4.77 4+ 0.61 mas, a small value compared to the
star is located behind the cloud, since its individual parallax figevious estimates quoted above. However, it results mainly
6.11 + 0.60 mas. from the brightest stars HIP 79080 and 79081, which have small

The other subgroups of the Chamaeleon region have fewors on their parallaxes. If we remove these stars and consider
Hipparcos stars. There is the WTTS HIP 58285 in Cha 3, thedBly HIP 77157, 78094 and 78317, we obtain a larger value of
star HIP 57192 just in the head of DC 300-17, and the HAeBe79 + 1.50 mas — in agreement with previous determinations
star HIP 58520 at less than 1 degree from the head of DC 300afZhe Lupus SFR distance, but with a large uncertainty — and
but connected to Cha 3 in the literature. In addition, the B starvalue of4.38 + 0.67 mas for HIP 79080 and 79081. The
HIP 57192 is placed just behind the DC 300-17 cloud by Gry explanation could be either that HIP 79080 and 79081 are not
al. (1998). Its parallax i5.95 + 0.52 mas, in perfect agreementmembers of Lupus 3 or that this cloud is farther away than the
with the mean parallax of Cha 1. HIP 58520 & 8.61 + other associations.
0.53 mas) is definitely closer than the Cha 1 cloud. HIP 58285
is faint with a large parallax errotr(= 15.06 £ 3.31) but its ;
astrometric parameters are closer to those of HIP 58520 tf?ér%'s' Scorpius
to those of HIP 57192. HIP 58520 and 58285 are membersTdfis is another association studied by de Zeeuw et al. (1999),
a presumed moving group of young stars described in Frinkveto find a mean distance of 145 pc, in agreement with previ-
al. (1998) and Terranegra et l. (1999). Two other Hipparcoss work by Racine€ {1968). The parallax distribution width is
WTTSs belong to this proposed group, the reality of whichpproximately 1 mas, corresponding to distances from 127 to
is difficult to demonstrate. Its spatial velocity is small and i$70 pc. While the parallax of AK Sco is consistent with this
noticed mainly because of its reflex motion with regard to thiesult, the fainter CTTS V1121 Oph may be located somewhat
Sun. Note that one can find many stars with the same motidnser to us. Note that the quadruple sys@@plﬁ, associated
in the Hipparcos Catalogue, in a distance range of 50—-200 pith the dense parts of the cloud where vigorous star formation
which were not detected by Rosat. While some of them mésycurrently taking place, is at a distancel@Bﬂ% pc, i.e., on
form a moving group with the WTTSs mentioned above, it ithe front side of the Upper Scorpius association.
also conceivable that this apparent group is an artifact caused
by the limiting r_nagn?tudes.of Hipparcos .and R_OSAT. 3.2.6. The TW Hya association

To summarize this section, the only firm evidence concern-
ing the Chamaeleon complex is that Cha 1 is at a distanceTd¥ Hya, the closest CTTS, has long been considered to be
about 170 pc, in agreement with recent estimates by Whitteignlated but is now known to be part of the closest T association
al. (I997) and Knude & Hg@ (19098). (cf. de la Reza et €. 1989, Gregorio-Hetem et al. 1992, Kastner
et al.[1997, Jensen et &l. 1998, Sterzik ef al. 1999 and Webb
et al.[1999). The most recent list of members reports 13 pre-
main sequence systems in the vicinity of TW Hya for a total of
Re-assessing association membership from Hipparcos results,
de Zeeuw et al[(1999) find a mean distance of 140 pc for the 0 Oph AB = HIP 80473,0 Oph C = HIP 804740 Oph D =
Upper Centaurus Lupus association. From the angular extgi so461

3.2.4. Lupus
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Table 6. Hipparcos-detected members of the TW Hya association) Table 7. VIM solutions for Young Stellar Objects

Name HIP T On Star O¢c t06,(°)  pmin (Mas)
HD 98800 55505 21.43 2.86 @) @ ©)
CD-36 7429 57589 19.87 2.38 V773 Tau 118.08 9.54 119.4
HD 109573 61498 1491 0.75 RY Tau 316.61+ 37.59 195

DF Tau 307.08t 17.70 80.2
UX Tau A 253.90+ 5.53 204.7
at least 20 objects ranging from an A star to a possible browf Ori 257.42+18.42 218
dwarf (Sterzik et al._1999). ZCMa 135.30+ 20.27 80.1

Oph 244,59+ 13.65 56.9

Four of these objects are in the Hipparcos Catalong%(l'685 Cyg  22.94- 1171 140.6

HIP 53911 (TW Hya itself) and the three objects given in Ta
ble[. Their parallaxes lead to a depth of 20 pc, comparable to

the angular size of the association. We didn’t compute a me@@ suspicion that the star is an unresolved binary. As explained
parallax because the method is not suited to such a nearby grgve, if an astrometric solution for a binary system could be
where the depth is not smallin comparison to the formal parallg¥rived by the Hipparcos data reduction teams, it is indicated in

errors. the Hipparcos Catalogue (Field H59, cf. Column 10 of Table 1).
Table[1 shows that Hipparcos observations resulted in several
3.2.7. Conclusion detections of astrometric binaries in the small YSO sample that

was observed.
In most cases, we confirmed that the Hipparcos distances to\e went back to the intermediate astrometric data of these
young solar-type stars are comparable to the distances of molggects and of other young stars for which the astrometric solu-
ular clouds and/or OB stars with which they appear associatggns derived by the Hipparcos teams did not take into account
as anticipated from a large body of earlier work. There are, hoWewly discovered information, notably as far as binarity is con-
ever, two discrepantindividual cases: BP Tau and DF Tau. Thegned. We tried on a star-by-star basis to explore alternative as-
are among the most investigated CTTSs, so one may argue thghetric solutions, and we discuss below those systems where
a good part of what we know about the T Tauri phenomenondg improvement has been obtained, in order of increasiiog

based on these stars. On the other hand, there are a few CTd& type of double star distinguished in Hipparcos astrometric
that are found outside of molecular clouds, such as RW Aur gp|ytions.

as seen above, TW Hya. Perhaps such cases are not so rare? Be-
fore we start to speculate, it appears quite important to convince o
ourselves that the Hipparcos results for BP Tau and DF Tau Are: Veriability-induced movers

valid. A possible bias can be due to undetected binarity, and Wgice TTSs are variable stars, it is not surprising to find that
shall examine in the next section the evidence for binarity gbvera| of them are called Variabi|ity-|nduced Movers (VlMS,
Hipparcos data for YSOs. Field H59=V), for which Wielen[(1996) derived astrometric
solutions based on the assumption that one star in the binary
system is variable, while the other one is constant. Since the
photocentre varied back and forth between the two components,
A few known young binary systems (FK Ser, etc.) were irboth the position angl®. (with its standard deviatiorg,.)
cluded in the Hipparcos observation program, but most of thad a lower limit,,;,, of the separation can be found in this way.
discoveries of close T Tauri systems result from recent prograsse results for the 8 VIMs among our TTS sample are given in
in high-resolution interferometric and imaging techniques, afable 7, and we discuss each of these objects briefly in turn.
ter the Hipparcos launch. This fast moving research field opens
the exc'ltmg prospect of understgndlng the molecular core fra}g—l_l_ V773 Tau
mentation process and the relationship between the formation
of binaries and disk (cf. Mathieu 1994). This is a triple system made up of a double line spectroscopic
The theoretical angular resolution of Hipparco8.i5 arc-  binary star (Welty 1995) and a third component which has been
sec, but double stars with a moderate brightness ratid{ <~ resolved at several optical and IR wavelengths (cf. Ghez et al.
2) separated by 0.10-0.13 arcsec already produce a meg$887a and references therein). The position angle of V773 Tau
able broadening of the diffraction peak (Lindegren 1997). UG ranges from 295in 1990 to 320 in 1994, and the separation
resolved systems with separation below this limit (and belds about 115 mas until 1993, then decreasing to about 60 mas
about 0.3 arcsec for larger brightness ratios) were seen by Hippm 1993 to 1995. This is in good agreement with the VIM
parcos as single point sources located at the photocentre ofgbkition given in TablEl4. Note that the position angle refers
system. Both orbital motion and light variability of at least on® the constant component of the binary (as assumed in the
of the system’s components can lead to deviations of the phM formalism) with respect to the variable component, while
tocentre’s path from its expected uniform motion, giving rise tibrefers to the primary component in Ghez et al. (1997a). The

4. Binarity of YSOs in the Hipparcos catalogue
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phase shift ofr between the two position angle values thuSable 8.The triple system UX Tau
confirms that V773 Tau C is more variable than V773 Tau AB,
as observed by Ghez et al. (1997a). It is therefore likely that tb& Tau p.a.¢) ()
two flares recorded by Hipparcos in its photometric database 269 5.9
originate from V773 Tau C. C 181 2.7
There is an unmodelled scatter in the astrometric data resid-
uals of the Hipparcos solution, which could be due to the motion
of the photocentre of the two-lined spectroscopic binary. How-
ever, if one uses the luminosities of the components from Ghez
etal. (1997a) and the massessfn i) given by Welty (1995), obviously not the case here. We tried to improve the astrometric
the semi-major axis for the motion of the photocentre 5% of  so|ution in two ways.
the semi-major axis of the relative orbit, i.e., around 0.15 mas.
This is too small for detection by Hipparcos, and even if thd. Assuming that the VIM formalism is correct, i.e. that the
secondary had a much smaller luminosity, the effect would be variability-induced photocentre motion dominates the or-
negligible compared to the VIM effect( 58 mas variation of bital motion, we derived a new VIM solution using a linear
the photocentre between the minimum and maximum luminos- change of the position angle during the mission duration.
ity of the system). The parallaxin this case18.52+8.61 mas, which confirms
Recently, Lestrade et al. (1999) determined the astrometric that the derived value depends critically on the assumed as-
parameters of V773 Tau using high precision VLBI astrometry, trometric model.
and found a parallax 06.74 & 0.25 mas. The derived paral- 2. We then tried to obtain a new astrometric solution by assum-
lax and proper motion agree withitar with Hipparcos results. ing that the observed motion is orbital, i.e., by neglecting
The fact that the position angle of V773 Tau C changed dur- the variability-induced photocentre motion. In support of
ing the mission has an influence on the astrometric parameters:this procedure, one can argue that themagnitude should
constraining the position angle to vary linearly with time dur- always be dominated by the primary, since the contrast be-
ing the 3-year mission with = 6.33¢ + 118° gives a parallax tween the two components ranges from 3.4 in the HST
of 8.74 + 3.19 mas, closer to the VLBI value but with a large ~ F439W B-like filter to 1.9 in the HST F555W V-like fil-
uncertainty. ter, and the primary is also the most active component, as
discussed above. We thus used the (admittedly preliminary)
orbital parameters determined by €baut et al.[(1995) to
compute a new astrometric solution, and found a parallax
This star has long been suspected of being a binary (Herbig value 0f14.06 + 9.06 mas.
& Bell 1988) based on apparent changes in the stellar radial
velocity, and Hipparcos confirmed this suspicion.

4.1.2. RY Tau

Obviously, a solution combining both orbital motion and
A new VIM solution was computed, using all available inviM is necessary for this object, but this is impossible without

termediate data, and slightly improving the published solutiofiC"€ Precise information, notably about the orbital parame-
The position angle i804 + 34° and the lower limit on the Sepa_ters. None of the above derived parallaxes is significant, and the
ration is 23.6 mas. This is compatible with the lack of detectidfiPlished parallax should obviously be considered with cau-
of this system in current high angular resolution observatiorf"- Can we conclude that a location of DF Tau outside of the

The projected minimum distance between the two compone;#—"c’é'”uS cloud is ruled out by our analysis? N(,)t definit_ely. We
is3.27 AU have merely shown that the derived parallax in the Hipparcos

Catalogue is probably not significant, and that its standard error
is so large that DF Tau’s weight in mean parallax derivations is
4.1.3. DF Tau very low. The only firm conclusion that we can draw is that, as

The binarity of DF Tau was first detected in a lunar occultatigh9roUP including DF Tau, the TTSs associated with Taurus are
(Chen et al. 1990), and was observed on several occasions sifgged located atthe cloud's distance; as for DF Tau, its location
then. Available data are summarized by Ghez efal. (1997a), wh§'ains uncertain.

find that the position angle decreases figi8° in 1990 t0297°

in 1995, while the separation stays approximately constant ovet 4. UX Tau A

thistime, atabout 90 mas. The position angle from the Hipparcos i . , .
VIM solution is consistent with these values and indicates th%f'orto Hipparcos launch, this object was a known triple system

the primary is the variable component. This is also suggesfed.(2)- UX Tau A and B components are WTTSs, while UX
by Ghez et al[{1997a), who note that both components displ C is a low-mass object withddemission. The astrometric

infrared excess but that the UV excess, which signals accretfgtinPanion found by Hipparcos is mostlikely the B component.

activity, is much stronger in the primary than in the secondar-gfi‘bld:& summarizes the current position angles and separations

The VIM formalism (used to derive DF Tau’s parallax in thé”c components B and C with respect to A.
Hipparcos Catalogue) assumes uniform orbital motion, which is
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4.1.5. UX Ori 4.2.3. CV Cha

Binarity of this star was first detected by Hipparcos. The sm&@V Cha and CW Cha are the two components of an optical bi-
minimum separation found in this VIM solution may explaimary T Tauri system with separation equal to 11.4 arcsec and
why this star has not been detected in IR with the shift-ang-a.105° (Reipurth & Zinnecker 1993). HIP 54744 is identi-
add technique (Pirzkal et &l. 1997). It has been argued that fizel as CCDM J11125-7644A in SIMBAD, while HIP 54738
observed variability of this star and of BF Ori (also suspectéslidentified as CCDM J11125-7644B. The component solution
of binarity by Hipparcos) is due to violent comet-like activityderived in the Hipparcos Catalogue gives a separation equal to

(Grinin et al[ 1994, de Winter et al. 1999). 8.48 arcsec and a position angle2d6°. The solution quality
is given as poor (‘C’), and the Hipparcos solution is not consis-
4.1.6. Z CMa tent with the images obtained by Reipurth & Zinnecker (1993).

However, we note that the Hipparcos-derived position angle
This star was already known as a binary with position anglould be consistent with observations, if HIP 54738 were in
aroundl120° and separation 100 mas (Koresko etal. 1991, Leifact CV Cha and if HIP 54744 were CW Cha. Given the weak-
ert et al[[1997). The Hipparcos solution is in agreement wittess of CW Cha, the separation derived by Hipparcos is likely
these solutions. In the optical range, the variable componentdse inaccurate. As discussed also in Sect. 2, we conclude that
the primary. there is a misidentification in the Hipparcos Catalogue, and we
believe that HIP 54738 = CCDM J11125 -7644A = CV Cha,
while HIP 54744 = CCDM J11125 -7644B = CW Cha. A single
star astrometric solution for CV Cha gives the following results:
The evolutionary status of this F star is not entirely clear, and= 7.60 4 2.10 mas,z, cos § = —21.00 £ 2.19 mas/yr, and
it appears to have attracted little observational attention so fay. = 0.38 & 1.94 mas/yr (Falin, priv. comm.). Results given for
The detection by Hipparcos of its binary nature is a new deP 54744 in the Hipparcos Catalogue should be discarded.
velopment. An improved VIM solution gives a position angle
243 4+ 10° and minimum separation of 46.84 mas.

4.2.4. FK Ser

4.1.7. 1X Oph

4.1.8. V1685 Cyg This_visual binary was foiund b)_/ Herbig to be a possible post-_T
Tauri system (Herbig 1973). Hipparcos measured a separation

Although the minimum separation, according to Hipparcos, éf 1.1184-0.025 arcsec, and the position angle of the secondary

rather large, the binarity of this Herbig B2,3e star was detectgdl4®. These values can be compared to those given by Herbig

neither in high angular resolution IR observations (Pirzkal fr the date 1972.5: separation of 1.32 arcsec, p.a°11.5

al.[T997), nor by speckle-interferometry (Leinert etral."1997).

However, the region around this staris a small stellar Clusterwi{é Accdleration solutions

amolecular outflow oriented north-south (Palla etal. 1995), with™

V1318 Cyg and V1686 Cyg located south of BD +40 4124n acceleration solution, using either a quadratic or cubic mo-

which could explain why a VIM solution was found with ation with respect to time, was applied to all stars not having a

position angle20 + 11°. ‘component solution’, and only the stars with significant non-
linear terms were retained. The acceleration effect may be inter-

4.2. Component solutions preted as the signature of binaries with an intermediate period
(more than about 10 years).

4.2.1. XY Per

This binary has a.331+0.01 arcsec separation, 76.fosition 4.3.1. CO Ori
angle with 0.88H, magnitude difference. This is consisten
with the results of Pirzkal et al. (1997), who find respectively 1.

arcsec and 255 Hipparcos thus resolves the T8ambiguity arf\tion. Given the distance of Orion and the very long period,

I i C
nqted in Pirzkal et al[{1997) and caused by the nearly €8s unlikely that the acceleration term may be significant, so
brightness of the components.

that the detected variation of the photocentre with time is prob-
ably an artifact due to the configuration of the system and the
4.2.2. NX Pup scanning law of the satellite.

This is a HAeBe star whose binary nature was discovered wggcglzrz?::asiﬁft;?:u:&nc(j:ﬁ]ige;?r\gil;; 1aip1“§i 'rgzt:aide()f an
the HST Fine Guidance Sensor giving= 0.126  0.007 arc- with the same si nifi,cance as a Gausszanlevél From’ t.hi'sj
sec,/ = 63.4 + 1.0, with a0.64 + 0.07 magnitude difference 9 '

(Bernacca et al. 1993). Hipparcos found consistent but less p%?.mlc errora magnltuqle differencefi, = 319 +0.3magis
cise estimations, respectivelyl0 + 0.026 arcsecf — 74°, estimated, consistent with the 0.07 flux ratio in the Guband.

andAH, = 0.44 + 1.10 mag. If a VIM solution is computed, the astrometric elements of the

is star has been detected as a binary by Reipurth & Zinnecker
993), who mention a 28(osition angle and 2.0 arcsec sep-
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Table 9. The triple system RW Aur star for computing a mean distance of the Taurus-Auriga re-
gion. Estimated magnitude difference between BC and A is

RWAur pa) p() AH, =2.08+£0.07 mag, not far from th&.3 £ 0.08 bolomet-

B (wrtA) 255 1.417 ric magnitude difference given by Ghez et al. (1997a).

C(wrtB) 111 0.120

4.4.2. DI Cha

VIM motion are not significant at more thanla level, but it  Although the binarity of this object is not detected, e.g., in the
should be noticed that the position angle fousil, 4= 30°, is infrared DENIS survey (Cambsy et al1998), it is clear from
also consistent with the Reipurth & Zinnecker 1993 observatioReipurth & Zinnecker[(1993), Chelli et al. (1995), and Ghez et
al. (1997b) that this is a binary of separatihf + 0.3 arcsec
4.3.2. AB Dor and position angIéQQ i 3°. _
However, the binarity has probably not perturbed the Hip-
The combination of Hipparcos and VLBI data allowed the d¢yarcos astrometry too much. Indeed, if this star was reduced as
termination of a dynamical mass of ab0ui9 solar mass for the a single star, its parallax would Bel6 + 1.54 mas, close to the
low-mass companion of this ZAMS star (Guirado et al. 19973tochastic solution, although with a 1.21 normalizé€d
The Hipparcos data cover only a small fraction of the period, Using the same method as above, the calibrated relation be-
but the curvature of the photocentre motion was nevertheléagen cosmic error and magnitude difference is also valid for

clearly detected. separation between 4 and 6 arcsec, so that the magnitude differ-
ence for DI Cha componentsdsH, = 2.54 + 0.09 mag. Note
4.4. Sochastic solutions that the primary is redder than the secondary with a difference

of about 4 mag in the K band (Chelli et al. 1995).
These solutions were applied as a last resort during the Hip-

parcos data reduction, when all other solutions failed to give irh 3. R CIA
adequate astrometric fit. A so-called cosmic esnwas addedto
the abscissae standard error, representing the unmodelled gt Corona Australis molecular complex is at a distance of
tocentre variations. Although the photocentre displacement mgyout 130 pc (Marraco & Rydgrén 1981), which is corroborated
be due to short-period astrometric binaries (e.g. HIP 39903, At the parallax’.35 + 1.15 mas of HD 176386 (HIP 93425). R
nou 1998), it may also be caused by undetected long-period®iA is surrounded by several other YSOs (Wilking efal. 1997),
naries, with separation of a few arcseconds. It may also be thajigich probably explains why the Hipparcos observations have
stochastic solution simply reflects bad abscissae measuremesgen perturbed, leading to a stochastic solution. Although the
without any binarity indication. error bar on the parallax prevents any safe distance to be derived,
For resolved binary systems, there is a correlation — depeids clear that the Hipparcos astrometric solution for this star
ing weakly on separation — between the magnitude differensigould be completely discarded.
of the two componentd H,, and the cosmic errarthat would Once a VIM solution was attempted, the parallax shifted
result if a stochastic solution was computed instead of a comp@m 121 + 68.24 to 36.7 = 91 mas. Even constraining the
nent solution (Arenol 1997). Using all Hipparcos componephrallax to the expected parallax of Corona Australis does not
solutions with separation, e.g., between 1.3 and 1.5 arcsec,dlv@ a satisfactory solution (in the sense of obtaining significant
magnitude differencé H,, can be calibrated against the cosmigalues of astrometric or orbital parameters). We conclude that
errore, leading to the astrometric intermediate data are clearly useless for this star.

AH, ~ (—0.90+0.01)Ine + 4.50 & 0.04
4.5. Other astrometric solutions
This relationship allows us to estimate the magnitude difference

between components when Hipparcos does not resolve a birfhrri/l' V410 Tau

system. This is a triple system (TableL0, Ghez efal. 1997a), undetected
by Hipparcos, apart from the ‘suspected non-single’ flag in the
4.4.1. RW Aur Hipparcos Catalogue H61 field. The AB pair is not resolved by

o ] . the HST either (Ghez et al. 1997a). There is no evidence in the
This is a triple star (Tablgl 9; cf. Ghez etlal. 1997a) with the fjnnarcos astrometric intermediate data that a double solution

component separated by 1.4 arcsec from the BC binary (0deh pe obtained, and the published solution cannot be improved.
arcsec separation), which probably perturbed the Hipparcos ob-

servations.
No significant VIM solution can be found, but it is suffi-4-2-2. BP Tau

cient to reject the bad abscissae to obtain a better astromgiis is one of the few objects in Talile 1 that Hipparcos did not

ric solution7 = 7.98 + 3.15 Mas, ta. = 3.26 = 3.44 and flag as a suspected binary star. That it is single down to 0.01 arc-
us = —23.03 £ 2.00 masly. This justifies the use of this
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sec is further confirmed by HST observations (Bernacca et ®ble 10.The triple system V410 Tau
1995). Closer binarity would obviously not be detected by Hip-
parcos, and we can rule out variability-induced motions of thet10 Tau p.a.Q) p (")
photocentre to explain the parallax found in the standard datage- 182 0.074
duction. An undetected orbital motion cannot be an explanatign 132 0.287
either, although a one-year orbital period would obviously result
in a confusion between the orbital and the parallactic motion.

We checked that this assumption would imply unreasonafily>-4- AK Sco

large masses (on the order of 15Mfor the two components. This is a SB2 system with well-defined orbital parameters (cf.

Because the star is apparently single, we cannot dismiss Bfjersen et al. 1989). Unfortunately, the two components have
Tau's apparent parallax easily. We do not believe, however, thalarly equal masses and luminosities, so that the photocentre
it should be taken at face value for the following reason. Thgpital motion is not significant, precluding a computation of

solution published in the Hipparcos Catalogue represents A8 other orbital elements from Hipparcos data.
best astrometric fit with normalizeg? equal to 1.1. If we now

compute a solution where we constrain the parallax to be that )
of the Taurus stars, we get a fit with normalizgdequal to 1.2, 4-6. Conclusion

In other words, the solution is only marginally worse than thgstrometry turned out to be a powerful tool for detecting the
published solution, and a true parallax2atfrom the published pinarity of variable stars using the variability-induced motion of
parallax is not unlikely. Also, one should note that the stage photocentre (Wielén 1996). In spite of the limitations of the
although it would be located in front of the Taurus group if thﬁ]ethod, which must assume that on|y one component is vari-
Hipparcos parallax were correct, has the same proper motigle and neglects all other causes of photocentre motions, the
as confirmed members of the Taurus SFR. This casts additiom@lary parameters derived for VIM systems are in remarkable
doubt on the published parallax value. agreement with other observations. VIM detection of the RY

Assuming for the moment that the Hipparcos parallax fgu binarity is a long awaited, but somewhat unexpected result
correct, is it plausible that the current location of BP Tau coulsf the Hipparcos mission.

be explained by its relatively large heliocentric radial velocity,
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