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Abstract. Some of the possibilities created by sub-milliarcsecond astrom-
etry in the study of both nearby and distant star clusters are presented.

1. Introduction

Sub-milliarcsecond astrometry can bring a much larger number of clus-
ters and associations within the range of direct distance determinations,
thus contributing very significantly to the study of star formation (mass-
functions) and stellar evolution. The spatial resolution of some nearby
clusters and associations will create the possibility of observing the 3-
dimensional distributions of mass, radial kinetic energy and angular mo-
mentum. For those clusters it will remove the noise on the HR-diagram
due to spread in distance moduli and make it possible to detect escaped
former cluster and association members on the basis of 3-d positions and
velocities. In the more distant future, sub-milliarcsecond astrometry opens
the way to measuring accelerations in nearby star clusters, thus making it
possible to measure their masses.

2. Distances for clusters and associations

Measuring parallaxes to an accuracy level of 1 to 10 microarcsec brings the

order of 1000 open clusters, several associations and a number of globular

clusters within range of a direct distance determination. Currently, differ-

ences in metal abundances, reddening corrections and age produce serious

uncertainties in cluster distances (Lynga, 1980). Figure 1 shows the impact

of improvements in accuracy on absolute magnitudes at various distances
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Figure 1.  Relations between accuracies in parallax (solid lines), distance moduli

(long—dash lines), the spatial resolution (d) and the distances (D) of clusters and as-
sociations. The 1 mas parallax accuracy is obtained with Hipparcos, 0.01 mas could be
obtained with the revised ROEMER and GAIA concepts.

from the sun. The positions of some clusters and associations are shown in
comparison. It is clear from Fig.1 that even though the impact of Hippar-
cos has been enormous, there is still a considerable improvement needed to
make it possible to use the clusters and associations in the detailed calibra-
tions of the HR-diagram: the HR-diagram constructed from preliminary
Hipparcos results indicates a considerable intrinsic spread in absolute mag-
nitudes for very nearby stars with the same (B—V') colour index (Perryman
and Heger, 1993). ‘

In a concept like the ROEMER or the GAIA satellite (Lindegren et al,
1993, Hgg, 1994), where high accuracy astrometry is combined with inter-
mediate band-width photometry, it will become possible to calibrate the
variations in luminosity as a function of age and metallicity using inter-
stellar reddening corrections obtained from two-colour diagrams, provided
the photometric passbands are carefully chosen and can be reproduced on
the ground. A detailed HR-diagram thus obtained can then be used as the
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observational basis for the study of stellar evolution over ages ranging from
less than a million years in some associations to 15 billion years in some
globular clusters, taking into account fully differences in metallicity.

The nearby younger star clusters and associations will provide data
on the mass spectrum of star formation processes using observed lumi-
nosity functions that include the detection of members in the cluster halo
(Kholopov and Artyukhina, 1972, Van Leeuwen, 1980). Due to mass segre-
gation, even by an age of 10® years a strong gradient in the mass spectrum
may be observed between the cluster centre and the halo. Observations of
the mass spectrum based only on data from the projected cluster centres
can thus lead to wrong conclusions (Taff, 1974). This is further complicated
by the escape of cluster members, for which the pfobability depends on the
mass of the star and its chance of passing through the cluster centre.

Combined high precision astrometric and photometric studies of both
young and old star clusters and associations are essential for filling in the
details in the stellar evolution theories. The same applies for clusters with
different metal abundances. The comparisons between clusters of different
ages can show how their mass functions change due to the dynamical evo-
lution of these systems, and thus also how the clusters and associations
populate the galaxy with new stars.

3. Spatially resolved systems

The nearest clusters are well studied down to magnitude 14 to 16. The limit
is set by the availability of early photographic plates. Accuracies in (rela-
tive) proper motions have reached levels of 0.1 to 0.2 mas/year (Vasilevskis
et al, 1979), allowing the study of internal motions. Two main problems
remain: the relative positions of cluster stars are only known projected
along the line of sight, and for the fainter stars the proper motions are
no longer sufficient to clearly distinguish members from non-members. The
effect of the first problem is that a considerable uncertainty remains in the
interpretation of the kinematics: it is necessary to deconvolve the observed
projected proper motion dispersions with the density distribution of the
cluster, which itself has been derived from differentiation of the projected
density distribution. This would not be too bad if the number of stars in-
volved were large, but in open clusters these numbers are small, leaving
considerable uncertainties in matters like the actual presence of low mass
stars in the cluster centre (Van Leeuwen, 1983). A lively discussion on this
problem in the Pleiades can be found in Kholopov, 1971a, Mirzoyan and
Mnatsakanian, 1971, Kholopov, 1971b and Mirzoyan et al, 1980.

The uncertainty in the number of faint members and their masses causes
problems in the determination of the mass-function and therefore also in the
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potential energy function of the cluster. The difficulties currently existing
for fainter cluster members are illustrated by the discrepant results between
proper motion surveys of the Pleiades halo and flare star studies (Jones,
1980).

With the improvement of parallax accuracies to a level of 1 to 10 uas
the positions of individual stars in a nearby cluster or association can be
mapped in 3-dimensions, eliminating partly the need for a selection of mem-
bers on the basis of proper motions only. Within the area of an open cluster
there will always be a few tens of stars (comparable to the number of stars
within 10 pc from the sun) that are not cluster members, but simply passers
by. These can be distinguished on the basis of their relative space velocity.
Assuming radial velocities can be obtained at accuracies of 0.1km/s, the
three positional and three velocity coordinates of each cluster star can be
obtained. This also applies of course to all other stars in and around the
cluster. Members which are in the process of escaping fast as the result of
three body interactions or which are slowly drifting away as the result of
interactions with much heavier members can also be located, thus making
the reconstruction of the mass function more complete. The improvement
of parallaxes will also remove the intrinsic spread in distance moduli which
at the moment still confuses the Pleiades HR-diagram with a noise of 0.015
magnitudes.

The space density distribution of the cluster stars can be translated
into a potential energy distribution, provided all the mass in the cluster is
known. It is thus important that membership probabilities are obtained as
far as possible down the mass spectrum. An additional problem, as well as
a unique source of information on pre-main sequence stellar evolution, is
that the faintest stars of a cluster have often not yet evolved into main se-
quence objects, causing uncertainties in the mass-luminosity relations. The
observed velocities and the potential energy distribution provide an esti-
mate of the total kinematic energy of the star, and thus of the distribution
of energy over stars of various masses. Comparisons between different mass-
groups should reveal the extent to which exchange of energy has taken place
in older systems, or for very young systems, whether there are differences
in the energy distribution for stars of different masses that would reflect
differences in primordial conditions. This information is supplemented by
the energies from the escaping stars, where some of the fast escaping stars
might possibly pinpoint the binary system they left behind.

The angular momentum of a cluster star determines the chance of stars
paying a visit to the cluster centre, and exchange a little energy. The radial
energy determines how frequently this will happen. As was shown by Van
Leeuwen (1983) and Terlevich (1984), the angular momentum dispersion
for stars in the cluster halo increases with time due to the galactic gravity
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Figure 2. The radial potential energy distribution (dotted line) for a star with a trans-
verse velocity of 0.44km/s at lpc from the centre in an open cluster of 1000 solar mass,
compared with the radial distribution of B and A type stars in the Pleiades (dashed line).
The vertical line starting from the minimum of the effective potential energy distribu-
tion compares the radial kinetic energy per unit mass with the observed squared velocity
dispersion in the cluster centre, 0.49(km/s)?> (Van Leeuwen, 1983)

gradient over the cluster. This leads, together with mass segregation in the
cluster centre, to under—population of the cluster centre in low mass stars
and makes the distribution of these stars, after a while, almost unaffected
by short distance interactions with other members in the cluster centre.
In this (temporary) state of quasi—equilibrium the observed density distri-
bution of the low mass stars and their observed angular momentum and
kinetic energy distribution are related through the potential energy distri-
bution function. The agreement between the potential energy distribution,
as derived from the total density distribution and as derived from the faint
stars, should indicate whether the total mass distribution in the cluster is
determined entirely by the known cluster stars, or whether there is the need
for additional (dark) matter.
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4. Accelerations

If it were possible to measure the radial accelerations in a star cluster, then
the distribution of mass in the cluster could be measured. Figure 2 shows
that accelerations (the derivative of the solid line) in the halo of the Pleiades
are expected to range up to 107'1m/s? (equivalent to 6 x 10~8AU/yr?).
Much higher accelerations will be found close to the centre of the cluster,
but these do not reflect the cluster’s mass distribution but rather are the
result of pericentre accelerations in the stellar orbits.

It can be shown that given observations with positional accuracy op,
spanning an interval T and evenly spaced at intervals of At, the accuracy
of the acceleration measurements approximates:

Oace = 13.40, T~ 25 A0S

For a 5-year GAIA mission, this could lead to accuracies of 0.6uas/yr?.
However, the main gain will be later in the next century, when the full
effect of the factor T2 is felt. This is similar to the situation that started
100 years ago: the positions in star clusters and associations recorded from
that time onwards on photographic plates enable us today to study the
kinematics of these systems. A mission such as GAIA or ROEMER can act
as a first epoch for the determination of accelerations in the next century
and thus lay the basis for direct measurements of masses of stellar systems,
in a way comparable to the current use of the earliest photographic plates
in studies of cluster dynamics. Until such a project is properly finished,
however, the study of the dynamics of star clusters, and to some extent
associations also, will depend on the availability of (old) photographic ma-
terial.
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