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ABSTRACT

We have used the newly available Hipparcos precise
parallaxes to study the evolutionary status of a num-
ber of high-lithium, high-activity late-type dwarfs
found in X-ray based surveys, the Einstein Extended
Medium Sensitivity Survey and the Einstein Slew
Survey. The sample stars are placed on evolution-
ary tracks thus estimating their age.
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1. INTRODUCTION

Samples of activity-selected stars have been shown
to contain a large fraction of cool stars with pho-
tospheric lithium abundance higher than the average
�eld population. Such lithium-rich stars are common
in high Galactic latitude X-ray surveys from the Ein-
stein observatory (Favata et al. 1993; 1995), from
the EXOSAT observatory (Tagliaferri et al. 1994)
as well as in samples selected on the basis of their
EUV emission, from the ROSAT Wide Field Cam-
era survey (Je�ries 1995). These activity-selected
lithium-rich stars from wide-�eld surveys do not ap-
pear to cluster around known star-forming regions
(SFR), thus raising the question of their age and ori-
gin. While their relatively high lithium abundance
seems to point toward their being quite young, with
some of them possibly still in the pre-main sequence
phase, the complex picture presented by the available
data on lithium evolution in cool stars is such that
lithium alone cannot be used as an age indicator.

Optical identi�cation of a number of ROSAT All-
Sky Survey (RASS) stellar sources (see for example
Alcal�a et al. 1995 and the following works) around
known star-forming regions (and thus in general at
low Galactic latitude) have produced samples of stars
with similar characteristics as the stellar samples de-
rived from the high latitude X-ray surveys discussed
above.

The origin of these potentially very young stars is
currently the subject of a debate. If they are still

on the Hayashi track, i.e. with ages of a few million
years at most, they pose the problem of their origin,
as many of them are far from obvious sites of recent
star formation. On the other hand, if they are close
to the Zero-Age Main Sequence (ZAMS), and thus
with ages of tens of million years (perhaps up to 108

years), their origin is much less problematic.

The availability of precise parallaxes from the Hip-
parcos Catalogue (ESA 1997) for a number of
activity-selected cool dwarfs allows us to accurately
place these stars on state-of-the-art evolutionary
tracks, and thus determine their evolutionary age.

2. THE SAMPLE

We have used, as starting point, a sample of X-ray
selected stars (from the Einstein Extended Medium
Sensitivity Survey, EMSS, and the Einstein Slew Sur-
vey, ESS) for which we were granted early-access Hip-
parcos data. While this sample is not complete, due
to the selection criteria of the Hipparcos Input Cat-
alogue, it still allows useful insight in the character-
istics of the EMSS and ESS stellar populations. The
biases present in the sample are discussed in detail
by Micela et al. (1997).

We have extracted, from the full sample of X-ray se-
lected stars three groups. The �rst sub-sample con-
tains the stars which have photospheric lithium abun-
dance (for their spectral type) higher than the typ-
ical abundance of �eld stars. Use has been made
of the Li measurements of Favata et al. (1993,
1995). All of these stars also have high activity lev-
els (LX � 1028:6 erg s�1). These stars, given their
lithium abundance, are expected to be `young', and
the aim of the present work is essentially to help
qualify the meaning of `young' in the context of ac-
tivity selected samples of stars. The second sub-
sample contains stars (from the same parent sample)
with low lithium abundance (i.e. comparable to �eld
stars of the same spectral type). These stars all have
lower activity levels than the �rst sub-sample. The
third sub-sample contains stars for which the lithium
abundance is not known, and which do not have any
known peculiarity. The samples are presented in Ta-
ble 1. In all cases, we have removed known binaries
from the samples.
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Table 1. The sample of X-ray selected stars.

Name N(Li) B � V V � I MV LX

High-lithium, high-activity sample
HD 105 3.4 0.60 0.67 4.49 29.2
HD 48189 3.3 0.62 0.69 4.47 29.8
HD 17925 2.9 0.86 0.91 5.97 28.6
HD 36705 (AB Dor) 3.1 0.83 0.94 6.01 30.1
GJ 182 1.8 1.39 1.84 7.92 29.8

Lower-lithium, lower-activity sample
SAO 63275 1.2 0.85 0.85 6.37 29.6
HD 10360 < �1:0 0.88 0.93 6.21 27.5
SAO 182743 < 0:0 1.08 1.04 6.79 29.1
GJ 698 < �0:2 1.18 1.18 7.41 28.3

Sample with unknown lithium abundance
HD 80388 { 0.59 0.66 4.75 29.1
HD 155674 { 1.15 1.25 7.22 28.5
GJ 659 B { 1.26 1.42 7.74 28.5
GJ 900 { 1.33 1.65 8.16 28.7
HIP48899 { 1.40 1.53 7.77 29.0
HIP12787 { 1.42 1.67 8.35 29.4
HD 80389 { 1.60 1.21 4.87 29.2

3. METHODOLOGY

We have used the latest evolutionary tracks from
D'Antona and Mazzitelli (in preparation), computed
for solar metallicity. These tracks cover the mass
range 0.02{3.0M�, and follow the evolution of stars
all the way from the birth-line into the early post-
main sequence phase. They are computed with the
latest updates to the input physics, including opaci-
ties and convection theory.

The accurate Hipparcos parallaxes, together with the
photometry included in the Hipparcos Catalogue, al-
low the determination of the absolute magnitude with
small (and well-determined) error bars. The deter-
mination of the e�ective temperature of the sam-
ple stars is problematic, given the uncertainty in the
colour-temperature calibrations in the cooler stars as
well as the lack of homogeneous photometry for many
stars. We have, after some experimenting, decided to
use the B�V colour, as available from the Hipparcos
Catalogue, as temperature indicator.

While the V � I colour is in principle a better choice
in terms of its quasi-independence from metallicity
and surface gravity e�ects in cool stars, the heteroge-
neous nature of the V �I values provided in the Hip-
parcos Catalogue, together with the uncertainty in
the available transformations from colour to temper-
ature, make it a less appropriate choice in the present
context.

The metallicity-dependence of the temperature cali-
bration of the B � V index should contribute to the
total uncertainty, in the present sample, only at a
modest level, given that the sample appears to have
a metallicity close to the solar value. This has been
veri�ed, on a randomly selected sub-sample, using
spectroscopic data (Favata et al. 1997).

For the purpose of determining the evolutionary sta-
tus of the sample stars we have converted the evo-
lutionary tracks (which are expressed in the physical
space Te� , Lbol) onto the observational plane B � V ,
MV. For this, we have used the recent calibration of

B � V versus Te� and bolometric correction (BC) as
a function of e�ective temperature of Flower (1996).

The e�ective temperature and bolometric luminosity
for each sample star allow in principle to place it on
the evolutionary tracks and determine its evolution-
ary status with well determined and in general small
uncertainty. For example, for a star at 25 pc, the
typical uncertainty in the absolute magnitude com-
ing from the uncertainty in the Hipparcos parallax
is ' 5 per cent, or only ' 0:05 mag. To this uncer-
tainty one has to add the typical statistical uncer-
tainty of the bolometric correction, which typically
is ' 0:1 mag. This translates, for a typical K0 star
close to the ZAMS, into a negligible age uncertainty.

The uncertainty in colour is more di�cult to assess
because, among other things, of the possible inuence
of star-spots in the more active stars, which would
change their `true' colour in a di�cult to determine
way. Neglecting this systematic e�ect, however, the
typical uncertainty in the colour is � ' 0:02 mag,
which, again for a near-ZAMS K0 star, is equivalent
to an uncertainty of � ' 10 Myr.

A much more signi�cant source of uncertainty is the
recent evidence, coming from the Hipparcos determi-
nations of cluster distances (Mermilliod 1997), of a
large di�erence in the position in the HR diagram
of the main sequence of a number of open clusters.
These recent results show that the main sequence of
di�erent clusters can have absolute luminosities dif-
fering by up to 0.4 mag, in a way apparently uncorre-
lated with the photospheric metallicity. Such a range
in absolute magnitudes at a given colour is likely to
be present also in �eld stars. Given that the evolu-
tionary tracks have been computed assuming the ex-
istence of a uni-parametric main sequence, this new
observational fact adds a further, large uncertainty to
the process of dating individual objects. Under the
assumption that the tracks are still valid and that
the `hidden parameter' which causes the shift in the
main-sequence position only causes a rigid shift in
the tracks, the additional uncertainty has the e�ect
of making it impossible to distinguish a ZAMS K0
star from a star of the same colour but with an age
of ' 50 Myr.

4. RESULTS

The evolutionary HR diagram for the objects in our
sample is shown in Figure 1. The horizontal error
bars of the di�erent data points are related to the ac-
curacy indicated in the Hipparcos Catalogue for the
B�V colour, which for some objects is relatively low,
presumably, at least in some cases, because of intrin-
sic source variability, which is not unexpected in the
redder and more active stars. The high-lithium ob-
jects are shown with �lled symbols, the lower-lithium
ones with empty square symbols, while object with-
out known lithium abundance are indicated by the
empty circles.
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Figure 1. The evolutionary HR diagram for the stars in

our sample. The continuous lines are the evolutionary

tracks at di�erent masses (indicated by the label on the

main sequence), while the dashed lines are the isochrones

at (going downwards) 107 and 108 yr. The lithium-

rich sample stars are indicated by the �lled symbols, the

lithium-poor stars are indicated by the empty square sym-

bols while objects without known lithium abundance are

indicated by the empty circles. For HD 80389 (the only

object on the Hayashi tracks) the B{V colour is derived

from the V{I colour.

Figure 2. An enlargement of the evolutionary HR dia-

gram for the stars in our sample, focusing on the early K

stars. The continuous lines are the evolutionary tracks at

di�erent masses (indicated by the label on the main se-

quence), while the dashed lines are the isochrones at (go-

ing downwards) 107 and 108 yr. The lithium-rich sample

stars are indicated by the �lled symbols, the lithium-poor

stars are indicated by the empty square symbols.

5. DISCUSSION

While the high-lithium dwarfs in our X-ray selected
sample tend on average to be located on slightly
younger isochrones with respect to stars in the sam-
ple with low lithium and with unknown lithium, there
is not a clear separation between the groups.

The two K-type high-lithium dwarfs (two well-known
objects, AB Dor and HD 17925) are very close to the
main sequence, with AB Dor lying on the nominal
108 yr isochrone (i.e. essentially on the ZAMS) and
HD 17925 nominally on an isochrone of some 50 Myr
(but with error bars overlapping with AB Dor). Nei-
ther of them thus shows any evidence for being a `pre-
main sequence' object in the sense of lying sensibly
above the main sequence or of being in a contract-
ing phase. Also, while all the available age indicators
would point at HD 17925 being signi�cantly older
than AB Dor (it has much lower activity level, rota-
tional velocity and slightly lower lithium abundance),
its position on the evolutionary tracks points at their
being coeval.

The high-lithium M-dwarf GJ 182 also lies somewhat
above the main sequence, on an isochrone implying
an age of ' 50 Myr. Given its high lithium abun-
dance, very unusual for a �eld M-dwarf, GJ 182 was
expected to be young. However, standard evolution-
ary models predict that a ' 0:7 M� object should
have essentially depleted its lithium already at an age
of' 107 yr, thus raising some questions related to the
lithium depletion mechanisms (or alternatively indi-
cating that the nominal evolutionary tracks do not
correctly describe the age of GJ 182).

The only object in the sample with indication of ex-
treme youth is HD 80389, an otherwise unknown M2
star (never quoted in the literature), whose position
in the colour-magnitude diagram implies a nominal
age of only ' 2 Myr. Its available colours are some-
what inconsistent, with the B � V colour implying a
very red object, too red for its absolute magnitude.
The temperature derived from the V � I index ap-
pears more `realistic', and it has been scaled back to
the B � V index for positioning the object on the
evolutionary tracks. Such anomalous colours could
be indicative either of heavy reddening or of a pecu-
liar spectrum. Given its position in a region of sky far
from known SFRs, HD 80389 deserves further study.

6. CONCLUSIONS

While the coverage of the complete X-ray selected
sample observed by the Einstein observatory is at
best spotty, due to the selection e�ects present in the
Hipparcos Input Catalogue, the limited sample for
which accurate data are available allows some con-
clusions to be drawn:

� X-ray selected, lithium-rich solar-type stars are,
as expected, young, but not exceedingly so. The
objects studied here are, with characteristic ages
of >� 50 Myr, well past the Hayashi tracks (with
a single exception, HD 80389);
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� solar-type stars with very similar mass and evo-
lutionary state, can have very di�erent charac-
teristics. HD 17925 and HD 36705 (AB Dor)
are on the same evolutionary track and with age
estimates overlapping at the 1� level. Yet they
di�er widely in terms of lithium abundance, X-
ray emission level, and rotational velocity. This
shows the danger of attributing individual ages
by using `proxies';

� the recently shown spread in the position of
the ZAMS makes the age determination of in-
dividual objects using their position on uni-
parametric evolutionary tracks much more un-
certain than previously thought. The observed
spread of up to 0.4 mag in the main sequence lu-
minosity could produce an uncertainty of a fac-
tor of ' 2 for a K0 star close to the ZAMS. This
implies that relative age determinations (such as
the one for HD 17925 and HD 36705 discussed
in the above paragraph) have to be taken with
caution;

� some isolated, rare young red objects are
present in the samples studied. GJ 182, at
' 50 Myr (with the above caveats) shows a much
higher lithium abundance than expected, while
HD 80389, at only ' 2 Myr (i.e. a PMS still in
its contracting stage) with its position far from
known star-forming regions, is a puzzling object.
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