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ABSTRACT

We present the parallaxes, measured by Hipparcos,
for a sample of X-ray selected stars. The stars be-
long to the stellar sample of the Einstein Extended
Medium Sensitivity Survey. They are all at galactic
latitude jbj > 20�, and are generally far away from
known star forming regions. Several of these stars
show lithium abundance and activity level typical of
very young stars with ages comparable to that of the
Pleiades. We show that the majority of our sample
stars are on the main sequence, with ' 20 per cent
being giants. We do not �nd a signi�cant presence of
pre-main sequence stars in our sample, notwithstand-
ing the fact that some of the stars have a considerable
lithium abundance, showing that they are most likely
young and active main-sequence objects.
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1. INTRODUCTION

Analysis of the stellar samples detected in X-ray ux
limited surveys has led to the identi�cation of a popu-
lation of late-type active stars, which, due to their un-
remarkable optical characteristics, would have been
very di�cult to identify otherwise. Since the �rst re-
sults based on Einstein observations, X-ray surveys
have been a powerful means of selecting young ac-
tive stars which would otherwise be hardly distin-
guishable from `normal' stars (except through high-
resolution optical spectroscopy).

One of the current problems in assessing the nature
of the X-ray selected stars is if they belong to a young
(Pleiades-like) main sequence population or to a pop-
ulation of Pre-Main Sequence (PMS) stars, such as
the Weak T Tauri Stars (WTTS). These two popula-
tions have characteristics, both in X-ray and in opti-
cal, very similar to those of the young main sequence
stars and is very di�cult to �nd a diagnostic which
can reliably separate them. The most important dif-
ference between the two populations is their position
on the HR diagram, which, if accurately determined,
allows to immediately assess their evolutionary sta-
tus.

We present the distances and other derived stellar pa-
rameters obtained by Hipparcos for the subsample of
EMSS stars which were included in the Hipparcos In-
put Catalogue, with the aim of better understanding
the nature of the X-ray selected stellar populations
of late-type stars.

2. THE SAMPLE AND THE DATA

The sample discussed here is the subsample of the
EMSS stellar sample included in the Hipparcos Input
Catalogue (HIC, Turon et al. 1992).

To de�ne our sample we cross-correlated the positions
of all the EMSS sources with those of the HIC stars,
using a match radius of 2 arcmin, to take into account
the IPC positional uncertainty. This process yielded
a total of 84 EMSS stars which have been observed
by Hipparcos.

The HIC magnitude cut tends to select the (opti-
cally) brighter and less active (as measured by the
fx=fv indicator) stars of the EMSS sample. This
bias has the e�ect of removing the fainter and red-
der stars, which typically tend to be the most ac-
tive ones, i.e. the ones with the highest fx=fv values.
While there is certainly great interest in determining
the evolutionary status of the fainter and most ac-
tive stars in the EMSS, the subsample of the EMSS
discussed here has a speci�c interest: the main pe-
culiarity of the stellar content of the EMSS is the
presence of an excess of yellow stars (Favata et al.
1988, Sciortino et al. 1995) with respect to what can
be expected on the basis of the X-ray luminosity of
`normal' stars. This excess is mainly concentrated in
the magnitude range 7 <� V <� 12 and in the activity
range �4 <� log(fx=fv) <� �2.

In the present context the excess is de�ned with re-
spect to the predictions obtained with a model of
the X-ray stellar content of the Galaxy (Favata et
al. 1992, Micela et al. 1993, Sciortino et al. 1995)
based on the X-ray emission of nearby stars and on a
model of our Galaxy (Bahcall & Soneira 1980) which
has been modi�ed to take into account the evolu-
tion of coronal activity during the main-sequence life.
Since the original discussion of this excess a number
of photometric (Morale et al. 1996) and high resolu-
tion spectroscopic (Favata et al. 1993, 1995a) stud-
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Figure 1. The distance distribution of stars in our sample

obtained using the Hipparcos parallaxes. Note the peak of

stars with distance less than 50 pc.

ies have been conducted aiming to determine the na-
ture of the observed excess of X-ray selected stars.
These studies excluded some of the hypotheses orig-
inally made about the nature of the excess objects,
such as that they would be dominated by active bina-
ries of the RS CVn-type, and showed that the excess
population is a young one. However, lacking reliable
distance determinations, these studies were not able
(except for a few individual stars) to resolve whether
the detected sources are young MS or PMS stars.

The ranges of apparent magnitude and of fx=fv
where the excess population is concentrated corre-
spond to those of the sample for which the Hippar-
cos data are available, hence we are con�dent that our
sample explores well the properties of the active stars
responsible for the observed excess in the EMSS, and
thus will help to determine its nature.

3. RESULTS

The data obtained by Hipparcos include parallax
measurements with their associated standard errors.
In the following analysis only the stars having rela-
tive uncertainties on the parallax of less than 50 per
cent have been included. This restriction excludes
only 2 objects from the sample. The distance distri-
bution of the sample is shown in Figure 1. Note that
half of the stars have distances less than 50 pc, and
75 per cent less than 100 pc.

Starting from the Hipparcos parallax and from the V
magnitude reported in the Hipparcos Catalogue we
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Figure 2. HR diagram for the EMSS stars observed by

Hipparcos. Vertical lines are the errors in the absolute

magnitude due to the errors in Hipparcos distances. The

continuous line is the main sequence (Keenan 1963, John-

son 1965) and �lled squares represent high lithium stars

from the EMSS, while �lled diamonds are the high lithium

stars from the Slew survey (see text).

have computed, for each star in the sample, the dis-
tance, the absolute magnitude, the X-ray luminosity
and the log(fx=fv) activity indicator.

The absolute magnitude and the B � V colour have
been used to generate the HR diagram for our sam-
ple stars, which is shown in Figure 2. The extent of
the vertical lines represents the uncertainty on the
absolute magnitude due to the uncertainty on the
parallax. The �lled symbols are stars with an equiv-
alent width of the Li i doublet larger than 100m�A,
and will be discussed in detail in the following.

Inspection of Figure 2 shows that the majority of
the stars in our sample are main sequence objects,
with a fraction (about 20 per cent) lying on the gi-
ant branch. The four solar type stars lying slightly
above the main sequence are (1) HIP 14157, (2) HIP
56139, (3) HIP 59683, and (4) HIP 114000. Star (1)
has a double spectrum, and the two companions are
of similar spectral type (Favata et al. 1993), the ob-
served displacement from the main sequence is that
expected for such a binary system. Star (2) is a typi-
cal RS CVn (Favata et al. 1995b), star (3) is AH Vir,
a known W UMa star. While very little informa-
tion is available for star (4), its lithium abundance
is consistent with that of RS CVn's and exclude a
possible PMS nature. None (except for one of the
reddest objects) of our sample stars has a position in
the HR diagram which indicates that they are still
undergoing pre-main sequence contraction.
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4. DISCUSSION

The presence of a high lithium abundance in cool
Pop. I dwarfs is considered an unambiguous indicator
of youth. The lithium present on the stellar surface is
in fact expected to be transported by the convective
motions to the inner regions where the temperature is
higher than the Li fusion temperature (' 2:5�106 K)
depleting the initial lithium with an e�ciency depen-
dent on the depth of the convection envelope and thus
on stellar mass. Wichmann et al. (1996) have used a
criterion based on the equivalent width of the lithium
doublet at 6708�A to select the PMS candidates from
the optical counterparts of the RASS stellar sources
around a number of SFR's. In particular, they have
applied a 100m�A threshold in the equivalent width
to select their PMS candidates at all spectral types
later than F0.

As outlined by Brice~no et al. (1997) and as discussed
by Favata et al. (1997) this choice includes also all
the G and early K stars that have already reached the
main sequence, but which are younger than � 108 yr.
In Figure 3 we plot the lithium abundance for the
sample stars (from Favata et al. 1993, 1995a) ver-
sus the B � V colour. The solid line represents the
100m�A threshold used by Wichmann et al. (1996) to
select the PMS candidates. Four of our sources ap-
pear to ful�ll this criterion, and thus would be con-
sidered as PMS candidates adopting the Wichmann
et al. criterion (they are plotted as �lled squares in
Figure 2 and in Figure 3).

To enlarge the statistics on the behaviour of these
active-high lithium stars we have added to our EMSS
sample 4 stars from the Einstein Slew survey (ESS,
Elvis et al. 1992, Schachter et al. 1996), also with
lithium equivalent width (Favata et al. 1995a) larger

than 100m�A (the �lled diamonds of Figure 2 and of
Figure 3 for which we had the Hipparcos data avail-
able). From their position in the HR diagram we can
assess that seven (three from EMSS and four from the
Slew survey) of these `high lithium' PMS candidates
are indeed main sequence stars, while the remaining
star is on the giant branch.

We conclude that bona �de PMS stars lying on
the Hayashi track are completely absent from our
sample, with the possible exception of one ob-
ject (MS0920.6+7838, for which however no lithium
abundance measurements are available, see also Fa-
vata et al, this volume).

The X-ray luminosities (now based on the accurate
Hipparcos distances) of our main sequence stars are
very similar or slightly smaller than those of Pleiades
stars of similar spectral type (Micela et al. 1990, 1996,
Stau�er et al. 1994). Thus, all the available prop-
erties (their proximity to the main sequence, their
moderate lithium abundances and their X-ray lumi-
nosity) are fully consistent with the hypothesis that
they are young (near) main sequence stars.

To conclude, the data show that in our EMSS and
ESS sample the fraction of PMS stars is negligi-
ble, with most main-sequence stars being young,
Pleiades-like stars. Giant stars are either normal gi-
ants or members of active binaries.
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Figure 3. Lithium abundance versus B-V colour for our

subsample. The solid line is the threshold of 100m�A for

the equivalent width of the lithium doublet used by Wich-

mann et al. (1996) to select PMS candidates. Filled sym-

bols represent stars (squares are stars from the EMSS,

while diamonds are from the Slew survey), which, accord-

ing to the Wichmann (1996) criterion, are probable PMS

stars (while none of them is a true PMS, see their position

in Figure 2).
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