LOW-MASS STARS: A SHARPER VIEW OF THE SOLAR NEIGHBORHOOD
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ABSTRACT

GAIA will see the bulk of the (mostly faint) stars in the
solar neighbourhood (listed in the Gliese-Jahreiss Cata-
logue). Brown dwarf candidates still remain out of direct
reach. For a good study of the solar neighborhood, GAIA
should have the best possible limiting magnitude, and
include a near-infrared channel. Simultaneous measure-
ments of metallicities and radial velocities would greatly
enhance the value of GAIA for solar neighbourhood stud-
ies.
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1. INTRODUCTION

The well-known series of ‘Catalogues of Nearby Stars’
(Gliese; Gliese & Jahreiss) summarize our present knowl-
edge of the stars which surround the Sun (closer than
25 pc). Hipparcos will very soon sharpen this picture, but
it could only see our brightest neighbours, while GAIA
will sample the bulk of the luminosity function. GAIA
will also reach the fainter stars which will be discov-
ered or recognized as such by the new infrared photomet-
ric surveys (DENIS, now just starting observations; and
2MASS, in construction). These surveys should reach a
new class of very cold and faint objects, for which accu-
rate parallaxes will be most desirable.

Here we only discuss some of the benefits to be expected
from GAIA; the very important kinematic and dynamical
aspects are only mentioned briefly.

2. A BETTER LUMINOSITY FUNCTION

The successive versions of the Catalogue of Nearby Stars
(Gliese (1957, 1969) and Gliese & Jahreiss (1979; 1991,
hereafter designated as CNS3)), have shown more and
more clearly that the Sun is mostly surrounded by red
dwarfs, much fainter than the Sun itself.

The solar neighborhood luminosity function, as derived
by Wielen et al. 1983 from the Catalogue of Nearby Stars,
has its peak at an absolute magnitude My ~13 mag.
With its limiting magnitude of V ~12 mag, Hipparcos
can therefore only study the dominant stellar population

Hipparcos | GAIA GAIA GAIA
V <12 V<15 | V<16 | VL17

My =13 6.3 pc 25 pc 40 pc 63 pc
My =16 1.6 pc 6.3 pc 10 pc 16 pc
My =19.5 1.2 pc 2 pc 3.2 pc

Table 1: Maximum distance for faint stars

of the galaxy up to a distance of about 6pc. The Hip-
parcos Input Catalogue only contains 36 M dwarfs with
My >12 , and 11 with My >13. Most of the latter
are in fact physical companions to brighter stars, and
take benefit of its parallax; the faintest one is LP 12-304
(My=16.4 mag). The distances reachable with Hippar-
cos and GAIA are given in Table 1, for My = 13 mag
(maximum of luminosity function, mass of about 0.2 so-
lar mass), 16 mag (star of about 0.1 solar mass), and
19.5 mag (value for the few present brown dwarf candi-
dates).

The spectral energy distribution of these cold objects
peaks in the infrared, and the usual V band only contains
a tiny fraction of their total luminosity: a 0.2M, star has
V — I = 2.8 mag, and V — K = 5.2 mag (Legget 1992).
Including an infrared channel (or at least an I channel)
would greatly increase the volume in which GAIA can
measure intrisically faint stars. The photometry would
also be much more useful, as ‘...optical colours are poor
luminosity estimators for very low mass stars (below 0.2

Mg)...” (Tinney et al. 1993).

On third of the stars in CNS3 have no trigonometric par-
allax, and many more have poor ones. These are mostly
the fainter dwarfs (V' >11) which haven’t been mea-
sured by Hipparcos either. An important ground-based
effort is being made to measure parallaxes for selected
nearby stars (Monet et al. 1992 and reference therein),
and the CCD program of the USNO Flagstaff station now
routinely measures parallaxes accurate at the milliarcsec
level, for stars as faint as V = 19.5 mag. These labour-
intensive programs, however, remain restricted to small
lists of severely selected targets,

The CNS3 is only regarded as complete up to
My ~8 mag (Jahreiss 1995). With a suitable input
catalogue, GATA could complete it up to the peak of
the luminosity function at My ~13 mag (Table 1), or
even beyond with an infrared channel. The NLTT Cat-
alogue (Luyten 1979) is the main existing reservoir of
those ‘missing’ nearby stars. This proper motion selected
catalogue (¢ > 0.18 arcsec/y) reaches R= 19.5 mag.
Only a satellite program however could obtain parallaxes



V<12 V<151 VLS16 | V<17 | Total

CNS3 2527 3609 3724 3766 3802
NLTT | 13000 30000 38000 45000 | 58000

Table 2: Number of stars in the CNS3 and the NLTT up

to various limiting magnitudes

for its 58000 stars. Hipparcos has observed its brighter
part, with a fuzzy cutoff between V = 11 mag and
V' = 12 mag, and new stars within 25 pc should soon be-
come public. The total number of CNS3 and NLTT stars
accessible to GAIA is given in Table 2. The NLTT stars
should be given high priority in a GAIA Input Catalogue,
despite the large proper motion which complicates their
tracking. By its very definition however, the NLTT has an
inherent kinematic bias and any sample tracing back to
it must be used with some care for dynamical studies. It
can however be complemented /replaced by the photomet-
rically selected catalogues which will be produced from
the on-going near-infrared surveys (DENIS and 2MASS),
and which will not suffer this problem.

Many of the M dwarfs belong to the dMe class and have
chromospheric activity, which is strongly related with age,
mass and rotation rate (see Liebert 1995; Stauffer 1995).
GAIA’s 5-years accurate photometric survey will detect
the often irregular photometric variability associated with
this activity.

The study of these objects would also enormously benefit
of the simultaneous availability of multi-colour photome-
try, for ages, metallicities, and future calibration of pho-
tometric parallaxes of the many objects that will remain

too faint for GAIA.

3. SUBDWARFS

If the NLTT contains most of the missing stars in the
CNS3, however most of its stars are beyond 25 pc, with
an important fraction of halo subdwarfs.

GAIA represents a unique opportunity for studies of halo
stars. Observationnaly these objects are mostly charac-
terized by their high velocity with respect to the LSR
(and thus to disk stars), and by their low metallicity.
Some of them are found in the CNS3, while most of the
nearby ones, recognized or not, are in the NLTT. Re-
cently Monet et al. 1992 and Dahn et al. 1995 used new
accurate parallaxes, measured at the USNO Flagstaff sta-
tion for very faint stars, to determine the local density of
halo stars and the Population II luminosity function. It
seems to have a maximum near My = 12.5 mag, followed
by a rapid fall-off. The well-defined sample of Dahn et
al. 1995, however only contains 114 stars, so this conclu-
sion is subject to considerable sampling noise. It would
be extremely desirable to extend this sample, to ascer-
tain whether disk and halo stars have or or do not have
the same luminosity function, mass function and IMF
(D’Antona 1995). GAIA will settle these points.

As most of the stars involved have My between 10 and
18, the best possible sensitivity for GAIA will again be
most desirable. The addition of tools for measuring at the
same time the metallicity and the radial velocity would
be extremely desirable to characterize the objects, and to
study their individual and collective kinematic behavior
as a function of metallicity.

4. BROWN DWARFS

Brown dwarfs have long been predicted by theory, but no
such object has yet been firmly identified, though a few
good candidates do exist. With a firm lower limit to their
absolute magnitude My of at least 18 (Henry and Mc-
Carthy 1993), and more probably 19.5 (Ianna and Freder-
ick 1995), these objects are beyond direct reach for GAIA
(Table 1) and could only be found as companions to more
massive stars. With its maximum magnitude difference
for a companion of about 3, GAIA will rarely (if ever) be
able to detect the secondary light. An infrared channel
would have a more favourable contrast, but could proba-
bly still not directly compete with on-going programs us-
ing ground-based speckle imaging (Henry and McCarthy
1992) or coronographic adaptive optics (Beuzit et al., pri-
vate communication).

Companions will thus mostly be detected through the
reflex motion of the primary, and the systems as astro-
metric binaries. GAIA could detect Jupiter (0.001 M)
orbiting the Sun up to distances of the order of 30 pc (Lin-
degren and Perryman 1994 page 14), and the much heav-
ier brown dwarfs (0.08 M) will be detectable to much
larger distances around their generally lighter primaries,
provided that the mission covers half an orbital period.
GAIA will thus detect many astrometric binaries, hope-
fully including some brown dwarfs. It will provide much
needed (Reid 1995) information on stellar multiplicity
in the solar neighbourhood, complementary to on-going
radial velocity work Duquennoy and Mayor 1991, and
Marcy and Butler 1995). Follow-up radial-velocity work
(and/or a ground-based determination of the relative or-
bit) will be needed to determine masses and ascertain
the brown dwarf status of the companions. All stellar
parameters will then be available, providing strong con-
straints on theoretical models of internal structure and
atmospheres (Baraffe et al. 1995).

5. CONCLUSION

GAIA’s expected accuracy will allow for the first time
direct distance measurements outside our own Galaxy.
Only the brightest objects however will be accessible
there, and we will somehow be in the position of seeing
only the kings of far-away countries. Due to unavoid-
able sensitivity limitations, the fainter stars which make
up the bulk of the stellar population will still have to be
studied in a small sphere around the Sun, and the the
faintest ones will still be missed even with GAIA’s im-
proved sensitivity.

M dwarfs dominate the solar neighbourhood by numbers,
but our inventory of these faint red stars is incomplete.
Hipparcos parallaxes have sufficient accuracy for those
stars at their maximum detectable distance, but will only
be available for the brightest and closest ones. Ground-
based measurements can now be as accurate, but only for
very small samples. GAIA will for the first time produce
parallaxes to large numbers of M dwarfs, and reach at
least to the peak of the luminosity function. The number
of parallaxes, and more importantly the faintest acces-
sible luminosity, strongly depend on the limiting magni-
tude of the instrument, and on available the photometric
channels. A near-infrared channel, or at least an I band
channel, is highly desirable.



This large sample of stars with extremely accurate paral-
laxes would allow for the first time:

(a) the study of the luminosity function, mass function
and IMF, separately for disk and halo stars;

(b) a much improved knowledge of stellar structure and
evolution at the bottom of the main sequence, and the
fine details in this part of the HR diagram. Age effects
in particular become important for very low mass stars,
whose pre-main-sequence time becomes a significant frac-
tion of the Hubble time, and they have up to now been
largely ignored, for lack of available data.

(c) many new studies and general galactic modeling tak-
ing into account the various kinematic aspects, provided
metallicities and radial velocities are known.

GAIA will also detect many nearby multiple systems as
astrometric binaries and produce much needed mass de-
terminations of low mass stars. For the best progress
in the field of low-mass stars, the following instrumental
requests should be fulfilled: (a) as high a limiting magni-
tude as possible; (b) a near-infrared (or at least I-band)
channel; (c) complementary measurements of metallici-
ties and radial velocities.
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