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Abstract. We present a proper-motion program that we have developed at ESO to measure,
for the first time, proper motions of members of the nearby (125 pc), very young (4 × 105 yr)
infrared ρ Ophiuchi cluster. Repeated imaging over an extended period will allow us to measure
the global proper motion of the cluster and its velocity dispersion and will provide access to the
∼ 1 km s−1 velocities for objects as faint as K = 15.7 mag. Access to the velocity field of such
an extremely young cluster is of crucial importance to investigate the origin and early evolution
of open cluster systems.
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1. Introduction
Stars are believed to form predominantly in associations, and young stars are observed

in infrared (IR) clusters still embedded in nearby molecular clouds (e.g., Lada et al.
1991; André et al. 2007). These extremely young clusters (1–2 Myr) appear to be the
precursors of the visible open clusters and/or of dispersed Galactic stellar streams. While
OB associations have recently been surveyed by Hipparcos for detailed proper-motion
studies (de Zeeuw et al. 1999), no IR clusters have yet been studied in this sense.

Studying proper motions in IR clusters is the only way to determine if these clusters
are gravitationally bound and therefore stable, or unbound, i.e., already in the process of
dispersing. Indeed, embedded clusters are young enough to be still associated with a large
amount of molecular gas, which may keep the system of young stars and gas still bound.
Proper-motion investigation is also an excellent and classical way to significantly improve
the completeness of the known cluster members and can be applied to IR clusters. They
are young enough to not yet have lost any stars and therefore constitute excellent cases
to investigate the fundamental issue of the shape and origin of the initial mass function
(IMF).
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For these reasons, searching for proper motions in embedded IR clusters is unique and
should shed light on two crucial issues in star-formation studies, i.e., the origin/early
evolution of young stellar clusters and the IMF observed directly at the stellar birth
place.

The ρ Ophiuchi IR cluster is unique in its proximity (125 pc), its richness in young
stars and protostars, and its extreme youth (the youngest cluster known, ∼ 0.5 Myr old;
André et al. 2007). It is certainly the best target presently accessible from the ground
to measure, for the first time, internal stellar motions in an embedded IR cluster. In
addition, we can use various surveys that have studied this cluster (Bontemps et al.
1998; Duchêne et al. 2004; Stamatellos et al. 2007), which have achieved a census of the
population of young stars with IR excesses. This allowed these authors to discuss, for the
first time, the mass function in such a young cluster down to masses of less than 0.1 M�.

2. The project
2.1. Selection of the field

We have selected (from Bontemps et al. 1998) the subcluster ρ Ophiuchi F, which exhibits
a clear association of young stars with the Ophiuchi F molecular dense core (see Motte
et al. 1998; André et al. 2007). This dense core/IR cluster is roughly a 0.1 pc-radius sphere
containing 15 − 30 M� (Motte et al. 1998) of gas and 5 − 10 M� of stars. The typical
Keplerian velocity in such a system is then vK = (2GMtot/R)1/2 , or 1.3 and 1.7 km
s−1 for, respectively, 20 and 40 M� spheres with a radius of R = 0.1 pc. The typical
differential velocity between two stars can reach 3 km s−1 , i.e., 5 mas yr−1 at a distance
of 125 pc. The systematic proper motion of the ρ Ophiuchi IR cluster can be estimated
from the proper motion of the associated, nearby Upper Scorpius OB association recently
measured by de Zeeuw et al. (1999) with Hipparcos. They found a global proper motion
of 25.8± 0.1 mas yr−1 . Such a large proper motion with respect to the background field
stars can easily be measured with our observational technique. We plan to investigate
the proper motion of stars down to Ks = 15.7 (signal-to-noise ratio = 33 for individual
images), which corresponds to a 0.02 L� (for AV = 30), or 0.045 M� i.e., a young brown
dwarf. We will be able to recognize all members, irrespective of their nature (protostars,
young stars with or without IR excess, brown dwarfs). Our completeness will therefore
be limited only by our ability to recognize systematic proper motions of the members
(which, in principle, is not significantly flux dependent). This is extremely important
for addressing the issue of the shape and origin of the IMF in this cluster, since we
will get a membership census based on an unbiased technique. Additional spectroscopic
observations of kinematic members will confirm their nature.

2.2. Binarity
We have investigated, through Monte Carlo simulations, the effects of binarity. The data
for the simulation were taken from Bontemps et al. (1998; IMF), D’Antona & Mazzitelli
(1994; L–M relation), Duquennoy & Mayor (1991; binary-period distribution). Orbital in-
clinations were taken as random and component masses considered uncorrelated. Several
thousand systems were simulated and analysed in terms of proper motion. We normalize
the results, for presentation purposes, to 100 binary systems (assuming that all young
stars belong to binary systems). The simulation results in 65 unresolved and 35 resolved
couples for 0.7 arcsec seeing. We thus have 135 ‘objects’ (65 unresolved binaries and
2×35 resolved-system components). Only nine unresolved binaries have a proper motion
of their photocenter due to orbital motions in excess of 0.5 mas yr−1 . These stars (7%
of the simulated population) will affect the results slightly. Twenty six components of
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Figure 1. NTT/SOFI selected fields in the ρ Ophiuchi E–F dark core.

resolved binary systems also exhibit a measurable proper motion due to orbital motion.
However, the separation of these 26 binaries with proper motions μ > 0.5 mas yr−1

appears to be very small and essentially always less than 2 arcsec. Since the typical sepa-
ration of young stars is much greater than 2 arcsec (on the order of 1 arcmin), this ensures
that we will always recognize these pairs. They will be put apart for special analysis. It
is therefore clear that binarity does not significantly affect our first goal, determination
of the internal velocity dispersion of the forming cluster. It does not hamper either our
second important goal, i.e., using proper motion as a cluster-membership criterion. This
motion is much larger than any orbital motions and internal velocity dispersion (25 mas
yr−1 ; from Hipparcos).

2.3. Astrometry

The astrometric objective of this program is to measure individual proper motions with
an accuracy of σμ = 0.5 − 1 mas yr−1 in a young IR cluster.

The first observational epochs were acquired in April 2001, 2002, 2003 and 2004. Fig-
ure 1 presents the observed dense core with the 10 overlapping fields. Data have been
measured and reduced using software developed in Bordeaux (see Ducourant et al. 2007).
We have derived preliminary proper motions for 89 stars in the zone covered by our ob-
servations with an accuracy of σμ = 1 − 3 mas yr−1 (Figure 2).

The known problem of field distortions of the SOFI instrument had to be addressed.
Much effort was dedicated to correct our measurements for these distortions. To minimize
residual effects, we also included (in the global reduction) photometric images (SOFI large
field) that suffer from less distortion, to average the effects.

The combined problem of field distortion, which has a significant impact on the astrom-
etry, and the poor numbers of stars present in each field led us to extend the program,
acquiring a new set of observations in May 2009. With the addition of an additional
epoch 8 years after the first observations, the astrometric precision should be improved
by a factor of 2–3, i.e., enabling a precision of σμ = 0.5−1 mas yr−1 and thus allowing us
to measure the largest expected differential velocities within the cloud and the expected
atypical velocities greater than that of the cloud (due to, e.g., binary ejection, . . .). Data
are being reduced and will be presented soon.
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Figure 2. Histogram of the precisions of proper motions σμ derived from a preliminary global
overlap solution of the 10 overlapping fields including the first four observational epochs.
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