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THE PRIMORDIAL BINARY POPULATION IN OB ASSOCIATIONS

M. B. N. Kouwenhoven,1 A. G. A. Brown,2 A. Gualandris,1 L. Kaper,1 S. F. Portegies Zwart,1,3 and
H. Zinnecker4

RESUMEN

Presentamos los primeros resultados de nuestro sondeo con óptica adaptativa de 200 estrellas principalmente de
tipo A en la asociación OB cercana Sco OB2. Estos resultados, junto con datos de la literatura y simulaciones
detalladas de cúmulos jóvenes, serán utilizados para determinar la población primordial de binarias.

ABSTRACT

We present the first results of our adaptive optics survey of 200 (mainly) A-type stars in the nearby OB
association Sco OB2, which we will use, together with literature data and detailed simulations of young star
clusters, to determine the primordial binary population.

Key Words: BINARIES: GENERAL — GALAXY: OPEN CLUSTERS AND ASSOCIATIONS (SCOR-

PIUS OB2)

1. INTRODUCTION

For understanding the process of star formation
it is essential to know how many stars are formed
in binary and multiple systems, as a function of en-
vironment and binary parameters. This requires a
characterization of the primordial binary population
(PBP), which we define as the population of binaries
that is present just after star formation has ceased,
but before dynamical and stellar evolution have sig-
nificantly altered its characteristics. From a model-
ing point of view, this occurs at the time when star
formation simulations such as those of Bate, Bonnell
& Bromm (2003) end, and when N-body simulations
such as those of Portegies Zwart et al. (2001) begin.

Characterizing the PBP is also important for un-
derstanding the formation and evolution of OB as-
sociations, the origin of the field star population and
OB runaway stars, as well as the production and
evolution of binary stars. For reviews on different
aspects of this issue, we refer to Blaauw (1991), Mer-
milliod (2001) and Zinnecker (2003).

Sco OB2 is a young (5 – 20 Myr), low-density
(≈ 0.1 M� pc−3) stellar clustering and therefore the
binary population is expected to be relatively un-
evolved. Moreover, Sco OB2 is nearby (120 – 140
pc), has a fully populated IMF and has been cleared
of the gas out of which the stars have formed, which
facilitates a detailed and comprehensive study. This
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makes Sco OB2 an ideal place to determine the PBP.
We carried out an adaptive optics survey of 200

(mainly) A-type stars in the three subgroups Upper
Scorpius (US), Upper Centaurus Lupus (UCL), and
Lower Centaurus Crux of Sco OB2 (see Table 1).
These stars were selected from the Hipparcos mem-
bership study of de Zeeuw et al. (1999).

2. OBSERVATIONS AND DATA REDUCTION

The observations were done in the near-infrared
with the adaptive optics instrument ADONIS on the
ESO 3.6m telescope on La Silla. The adaptive optics
observations bridge the observational gap between
the wide visual and close spectroscopic binaries, and
infrared observations have the advantage over optical
observations that the luminosity contrast between
primaries and companions is strongly reduced.

The camera field of view is 12.8 × 12.8 arcsec.
Each star is observed four times in order to maximize
the available field of view for study (≈ 19.2×19.2 arc-
sec). All stars are observed in the KS band, while
several stars are also observed in the J and H bands.

After selecting the best images we applied a stan-
dard data reduction procedure and find that the typ-
ical Strehl ratios are ≈ 5%, 10% and 25%, in J ,
H and KS , respectively. The instrumental magni-
tudes of all visible components were determined us-
ing Starfinder (Diolaiti et al. 2000), and were cali-
brated to the 2MASS system. We find a total of 151
stellar components in the fields around the 200 tar-
get stars. For each visible component the projected
distance, position angle, and relative magnitude are
calculated.
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Fig. 1. The fraction of stellar systems which are multi-
ple, vs. the spectral type of the primary, for the three
subgroups of Sco OB2 (only Hipparcos members). The
47 new companion stars that are presented in this paper
are indicated with the dark gray extensions of the bars.

3. BINARY STATISTICS

Since for most stars we only have KS band ob-
servations, we are unable to distinguish between
companions and background stars using the color-
magnitude diagram. However, secondaries must lie
on the main sequence or above. For this prelimi-
nary study we follow Shatsky & Tokovinin (2002)
and consider all components fainter than K = 12
as background stars. Applying this criterion to our
data we find 73 probable background stars, and 78
candidate companion stars. A thorough study of the
detection limits is required to see if we missed faint
and red brown dwarfs with this selection criterion.

The list of candidate companions thus obtained
is cross-checked with spectroscopic, astrometric and
visual binary data in literature, including the com-
plementary study of B-type stars in Sco OB2 by
Shatsky & Tokovinin (2002). This results in 47 new
candidate companions (14 in US, 20 in UCL, and
13 in LCC). The results are displayed in Figure 1
and Table 1, where the number of single stars, bina-
ries, triples, and multiples of order larger than 3 are
denoted by Ns, Nb, Nt and Nm, respectively. The
distances (in pc) and ages (in Myr) for the subgroups
are taken from de Zeeuw et al. (1999).

Brown (2001) pointed out that the observed num-
ber of multiple systems with A- and late B-type pri-
maries is relatively low due to observational biases.
Part of this selection effect is now removed with our
new adaptive optics observations.

TABLE 1

MULTIPLICITY IN SCO OB2(a)

D Age Ns Nb Nt Nm fs
(b) fc

(c)

US 145 5 63 46 7 3 0.47 0.67

UCL 140 13 128 70 18 4 0.42 0.62

LCC 118 10 112 55 12 0 0.37 0.56

all 303 171 37 7 0.42 0.62

(a)Only Hipparcos members are considered.
(b)fs = (Nb + Nt . . . ) / (Ns + Nb + Nt + . . . ),

the fraction of multiple systems.
(c)fc = (2Nb + 3Nt . . . ) / (Ns + 2Nb + 3Nt + . . . ),

the fraction of stars in multiple systems.

4. FUTURE WORK

The ultimate goal of this project is to determine
the PBP. We will achieve this by combining the re-
sults described here with literature data and detailed
numerical models of OB associations. These mod-
els are N-body simulations including state of the
art stellar and binary evolution (see Portegies Zwart
et al. 2001). Simulated observations of model OB as-
sociations will be produced to characterize in detail
the selection effects for the different binary surveys.

These cluster simulations will also be used to in-
vestigate the impact of dynamical and evolutionary
effects that may have altered the binary population
over the lifetime of Sco OB2. With knowledge about
the selection effects, the primordial binary popula-
tion can be reconstructed, giving binary characteris-
tics as a function of environmental properties.
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