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1. Introduction

An accurate trigonometric parallax measurement is a pre-requisite to thatoerj from observa-
tional data, of the most important characteristics (luminosity, age, mass, &t 3tar. Unfortu-
nately, even in the current post-Hipparcos era, the distance to yousdsstarely known to better
than 20 to 30% (e.g. [1], [2]). At this level of accuracy, the luminosity mf given star cannot be
assessed to better than 50%. As a consequence, the accuracy withyadmchstars can be posi-
tioned on an H-R diagram is rather limited, and the comparison between atises\and detailed
theoretical models can only be approximate. This unsatisfactory statewfadflargely the result
of the fact that young stars are still embedded in their opaque parentdl. Citey are, therefore,
dim in the visible bands that were observed by Hipparcos.

Much of what we know about the formation of stars has been derived the observation and
modeling of a few nearby regions (Taurus, Ophiuchus, Perseus),@Gaopens). Thus, a significant
improvement in the determination of the distance to these few regions wouebsegpia major step
forward. We will concentrate here on the two nearest regions of lowssias formation: Taurus
and Ophiuchus.

Since optical and near-infrared observations are affected by ¢hgsumation, one must turn to
longer wavelengths to make progress in the determination of the parallaxiod wbars. Currently,
the astrometry quality provided by mid- and far-infrared data as well asibyvsllimeter obser-
vations remains poor. The radio domain (particularly at 1<€rh < 10 cm) provides, by far, the
best prospect because large radio-interferometers can delivemekjraccurate astrometry (better
than a tenth of a milli-arcsecond).

2. Observationswith VLBA

Our sample contains a total of seven young stellar objects: five in the Teomyslex (T Tau Sb,
HDE 283572, Hubble 4, HP Tau/G2, and V773 Tau A), and two in the Ophisicegion (S1 and
DoAr 21). All 7 objects were previously known to be fairly bright nonsthal radio sources,
detectable using Very Long Baseline Interferometers. For each saomecebtained a series of
3.6 cm (8.42 GHz) continuum observations using ey Long Baseline Array (VLBA) of the
National Radio Astronomy Observatory (NRAO). The number of obs$emva in each series as
well as the cadence at which they were obtained were adjusted to each.sbhe details of the
calibration are described further in [3]. The typical angular resolutioouo final images was 1
to 2 milli-arcsecond, and the typical astrometric accuracy of each ohiseris0.05 to 0.1 milli-
arcseconds for the sources in Taurus, and 0.2 to 0.6 milli-arcsecondshincbus. The poorer
performance in Ophiuchus is related to the lower declination of this redica 24° against
0 = +20 for Taurus).

3. Proper motions, parallaxes and distances

The displacement of a source on the celestial sphere is the combinationigbitetnetric parallax
() and its proper motionL(). In what follows, we will have to consider three different situations
in terms of proper motions.
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Table 1: Astrometric parameters obtained for five stars in Taurus and two in Ominuc

Source Ug COSO Us T d No.
[mas yr1] [mas yr 1 [mas] [pc] Obs.
TTauSb* ......... 4.020.03 —1.18+0.05 6.82-0.03 146.%0.6 12
Hubbled4 .......... 4.380.05 —28.90+0.30 7.53:0.03 132.80.5
HDE 2835724 ...... 8.880.06 —26.60+0.10 7.78:0.04 128.53-0.6
HP Tau/G2 ......... 13.850.03 —15.40+0.20 6.26:0.03 161.2-0.9
V773 TauA ........ 17.2#0.14  —23.79-0.09 7.5#0.20 130.@¢-2.0 19
S1 ... —3.88:£0.87 —31.55+0.69 8.55-0.50 116.9-7.1
DoAr21 ........... —26.4A40.92 —-28.23+0.73 8.2:0.37 121.95.5

* The acelerations terms obtained for this fit wage= 1.53+ 0.13 mas yr2 in right
ascention ands = 0.00+0.19 mas yr? in declination.

Single Stars. Two of our target stars are apparently single (HDE 283572 and Hubbéd one
(HP Tau/G2) is amember of a multiple system with an orbital period so much loragettth times-
pan covered by the observations that the effect of the companionsfedy Ise ignored. Thus, in
these three cases, the proper motion can be assumed to be linear an wsmfdithe right ascen-
sion (o) and the declinationd) vary as a function of timéas: a(t) = ag+ (U COSO)t + 1Ty (1)
ando(t) = do+ Mst + 1tf5(t), whereag anddy are the coordinates of the source at a given reference
epoch,u, andus are the components of the proper motion, dpénd f5 are the projections over
o andd, respectively, of the parallactic ellipse (see also [4], [5] and [3]).

Binary Systems. One source (T Tau Sb) is a member of a binary system with an orbital period
longer than the timespan of our observations but not by a huge factate Wfull Keplerian fit
would again, in principle, be needed, we found that including a constaatexation term provides
an adequate description of the trajectory. The fitting functions in this casaf #ne form:a (t) =
0o+ (Ha0COSO)t + 3 (aq COSO)? + Mg (t) andd(t) = &+ Hsot + 3ast? + 1f5(t), wherepqo and
Uso are the proper motions at a reference epoch,agnandag are the projections of the uniform
acceleration (for details see [6]).

Tight Binaries. Three of our sources (V773 Tau A, S1 and DoAr 21) are compactypsystems
with an orbital period of the order of the timespan covered by the obsemgatio such a situation,
one should fit simultaneously for the uniform proper motion of the center aisraad for the
Keplerian orbit of the system. This requires more observations than ededdo fit only for a
uniform proper motion. Additional data were collected to adequately canstr@required fits but
here we will present preliminary results based on equations for singkewstere the Keplerian
motion is not included. Note that the main effect of not fitting for the Kepleridit & an increase
in the final uncertainty on the distance (see [7] and [3]).

The astrometric parameters are shown in Tab. 1 and were determined tydeases fitting the
data points with either equations using a Singular Value Decomposition (SVielrex To check
our results, we also performed two other fits to the data, a linear one badleel @ssociated normal
equations, and a non-linear one based on the Levenberg-Mar@lgodthm. They gave results
identical to those obtained using the SVD method. The details of the astrometsefidescribed
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further in [3].

4. Threedimensional structure of Taurusand Ophiuchus

The total spatial extent of Taurus on the sky is abott &0rresponding to a physical size of about
25 pc [5]. Our observations show that the depth of the complex is similar BIRCEuU/G2 is about
30 pc farther than Hubble 4, HDE 283572 or V773 Tau A. This has an ifapbconsequence: even
if the mean distance of the Taurus association were known to infinite agcarecwould still make
errors as large as 10-20% by using the mean distance indiscriminatelygouedes in Taurus. To
reduce this systematic source of error, one needs to establish the itmesesibnal structure of the
Taurus association, and observations similar to those presented heretlgurepresent the most
promising avenue toward that goal. Indeed, the observations of thediggmesented here already
provide some hints of what the three-dimensional structure of Taurus tmégsee Fig. 1).
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Figure 1: Sketch of the three-dimensional structure of Taurus made with a COffiap [8]. Five sources were
superposed on the map, and the arrows are shown its tangential vetthdityle 4, HDE 283572, and V773 Tau A were
found to be at about 130 pc, and are also located in the same portionreSTd Tau Sb is located in the southern part
of Taurus and it appears to be somewhat farther from us (note thahgerthal velocity is clearly different from the
other sources). HP Tau/G2 is located near the (Galactic) eastern e@igiero$, and it is the farthest source.

Ophiuchus is composed of a compact core, only about 2 pc acrosdijlandntary structures
(called “streamers”) extending (in projection) to about 10 pc (see FigTRe Ophiuchus core
is sufficiently compact that we do not expect to resolve any structure dfenline of sight, and
our observations show that it is at a distance of 120 pc [7]. There qmtlkehtially be distance
gradients of several parsecs across the streamers. We note, haivav§d] deduced a distance
of Haro 1-14C (associated with the darks clouds L1709/L1704) oft119 pc, suggering that the
northern streamer is somewhat closer that the core. On the other hajdi{érmined a distance of
17838 pc to the protostar IRAS 16293-2422 deeply embedded in L1689 (thesso@phiuchus
streamer), which would be more consistent with the older value of 165 pen Exluding the
streamers, Ophiuchus is only 10 pc across in projection, so it is unlikely &0 Ipe deep. Thus, if
the results of [10] are confirmed, they would indicate the existence ofalewwelated star-forming
regions along the line of sight. More observations —some of which hawedgli®=en collected and
partially analyzed— will be necessary to settle this issue.
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Figure 2: Positions of four stars superposed ontf@0 map of Ophiuchus from [11]. The two stars studied here (S1
and DoAr 21) are shown as a squares; Haro 1-14C and IRAS 18292-are shown as a circles.

5. Implicationsfor the properties of the stars

Having obtained accurate distances to several young stars, we ane a@osition to refine the de-
termination of the intrinsic properties of each star. We will discuss here oalyabe of HP Tau/G2
and HDE 283572 (for a detailed discussion of other stars see [3]).

HP Tau/G2 is a member of a compact group of four young stars, comprighd@at itself,
HP Tau/G1, HP Tau/G2, and HP Tau/G3 (hereafter HP, G1, G2 and @8atésely). Given the
small angular separations between them, the members of this group are ebrydike physically
associated —indeed, G2 and G3 are thought to form a bound systemarEhéyerefore, very likely
to be at the same distance from the Sun. Using our accurate estimate of thealtst&2, we are
now in a position to refine the determination of the luminosities of all four stars. istk@own
about G1, but the effective temperature and the bolometric luminosity (obtagsimingl = 142
pc) of the other three members are given in [12]. Those values (tedrarthe new distance) allow
us to place the stars accurately on an HR diagram (Fig. 3).

From their position on the HR diagram, one can (at least in principle) démmass and age of the
stars using theoretical pre-main sequence evolutionary codes. Sawelianodels are available,
and we will use four of them here: those of [13], [14], [15], and][1Bhe isochrones for those
four models at 1, 3, 5, 7, and 10 Myr are shown as solid black lines in Figls® shown are the
evolutionary tracks (from the same models) for stars of 1.0, 1.5, and 2.0 M

A number of interesting points can be seen from Fig. 3. First, there ismabloagreement (within
40%) between the masses predicted by different models. For G2 diffamatels predict masses
consistent with each other at the 10% level (between 1.7 and 4)9 kbr HP the models of [13]
or [16] predict a mass of 1.5 M, whereas those of [15] predicts a significantly smaller mass of
~ 1.0 M; there is a 35% spread in the values predicted by different models for treeahtss
source. For G3 the mass is about 0.8 Btcording to the models of [13], but slightly less than 0.5
M according to those of [15]; this is a 40% discrepancy.

Since the different members of the HP Tau group are likely to be physicalycided, they are
expected to be nearly coeval. Interestingly, most models predict signi§ichifierent ages for the
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Figure 3: Positions of the three HP Tau membeskig¢ symbols) and of HDE 283572red symbol) on an HR diagram.
From the coolest to the warmest, the three stars in the HP Tau group arauAB3T HP Tau, and HP Tau/G2, as
indicated in the first panel. Isochrondall back lines) are shown at 1, 3, 5, 7, and 10 Myr for various models. For the
same models, evolutionary tracks for stars of 1.0, 1.5, and 2,@&M also shown adotted magenta lines.

three sources (see Fig. 3). The models by [13] predict ages of 8ddyt and 3 Myr for G2 and
G3, respectively. A similar 5 Myr age difference is found for the modelgL4f and [15]: both
predict ages slightly smaller than 1 Myr for G3, and somewhat larger thayrsfdl G2. It is
possible that those differences could be real, however, it should timddhat the vast majority
of low-mass stars in Taurus (with spectral types M and late K) have agdlesthan 3 Myr [12].
Moreover, mass-dependent systematic effects in the age predictionsosnaselutionary tracks
have been reported before, and existing models could significantlypoediet the age of relatively
massive stars (M 1.5 My). G2 is precisely such a fairly massive star. So, the age estimate for
HDE 283572 based on the models by [13], [14] and [15] is 6—-10 Myr.(Bjgsomewhat larger
than would be expected for Taurus. The only of the four models corsid@re to predict similar
ages for the three members of the HP Tau group is that of [16]. Within tbesesll three stars fall
on the 3 Myr isochrone. Note that this value is also consistent with the ad@se@fmass stars in
Taurus [12].
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