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Summar y

Using adaptive optics we study the binary population in
the nearby OB association Scorpius OB2. We present the
�rst results of our infrar ed adaptive optics survey among
199 (mainly) A- and B-type stars in the three subgroups of
Sco OB2: Upper Scorpius (US), Upper Centaurus Lupus
(UCL) and Lower Centaurus Crux (LCC).

In total 151 components other than the target stars are
found. A simple brightness criterion is used to separate
background stars from companion stars. Our �ndings are
compared with data collected from literatur e. Out of the
remaining 78 candidate physical companions, 47 are new (14
in US;20 in UCL; 13 in LCC).

The principal aim of our study is to characterize the primor -
dial binary population (as a function of binary parameters
and environment). The prime candidates for this study are
OB associations. We study the current binary population in
Sco OB2 becauseof the association's proximity and young
age.

N-body simulations will be used to (a) investigate the
observational biases,since they can affect the interpr etation
of the data signi�cantly , and (b) study the impact of dynami-
cal and evolutionary effects that may have altered the current
binary population. Knowledge of the primor dial binary pop-
ulation is of fundamental importance to our understanding
of the star formation process.

1 The Primor dial Binar y Population

The primor dial binary population is the population of binaries which is
present just after star formation has ceased, but before dynamical and
stellar evolution have signi�cantly altered its characteristics. From a
modelling point of view, this occurs at the time when the star formation
simulations such as those of Bate et al. (2003)end, and when the stellar
and dynamical evolution simulations such as those of of Portegies Zwart
et al. (2001)begin. In reality, the processesof star formation and binary
evolution may overlap.

Characterizing the primor dial binary population is a key ingredient
for our understanding of:


 Star formation

 The formation and evolution of OB associations

 The origin of the �eld star population and OB runaway stars

 Production and evolution of binary systems

For reviews on dif ferent aspects of this study, we refer to Blaauw
(1991),Mermilliod (2001)and Zinnecker (2003).

2 The nearb y OB association Scorpius OB2

OB associations are ideal sites for the study of the primor dial binary
population:


 Young stellar systems( ���
��� Myr)
. � effectsof stellar and dynamical evolution modest


 Low stellar density ( ����� ������� ��� �"! # )
. � limited effectsof dynamical evolution


 Cleared of gasby stellar winds and supernova explosions
. � stars can be studied in detail


 Full IMF: B stars to brown dwarfs
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The threesubgroups of ScoOB2. The $ Oph star forming region is visible
in the upper-left corner in grey scale(IRAS 100 % m).


 ScoOB2 is the closestyoung OB association(120- 140pc)
. � facilitates the detection of closeand faint companions
. � the interstellar extinction is small


 Membership and stellar content has beenestablished
. with Hippar cos(de Zeeuw et al. 1999)


 Well-studied association

3 Adaptive optics obser vations
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The 199 target stars are observed with the adaptive optics instrument
ADONIS on the ESO3.6m telescopeat La Silla. Each object is observed
in &(' , while several target starsarealso observed in ) and * . We �nd 151
components other than the target stars, of which 78 are candidate physi-
cal companions. Out of these,47 are new candidates. & ' -band observa-
tions of several new companions of ScoOB2 member stars. Eachframe is

��+,� -/.0��+,� - arcsec.

4 The Colour -Magnitude diagram

.
A colour-magnitude diagram is constructed using the stars for which we
obtained both ) - and &

' -band observations. All components with a mag-
nitude fainter than &

'
1
��+ , are considered as background objects. This

limit corresponds to an M5 star at 140pc; see,e.g., Shatsky & Tokovinin,
2002. The colour-magnitude diagram for the subset of stars for which
multi-colour observations areavailable. The main sequenceis represented
by the purple curve. Given the young ageof ScoOB2 (5 – 10Myr), not all
stars are on the main sequence.

5 Angular Separation of the companions

The number of objects as a function of angular separation. Objects with
separations lessthan 23�,� � ” are too deep in the PSFhalo of the primary to
be detectable. Angular separations larger than 24��� ” cannot be detected
due to the limited �eld of view of ADONIS. The angular separation distri-
bution of the presumedbackground stars (yellow) is clearly dif ferent from
that of the companion stars (blue).

6 Binar y statistics

We combine our observations with literatur e data of:

 Visual binaries (adaptiveoptics;speckle;directimaging;Hipparcos)

 Astrometric binaries (Hipparcos)

 Spectroscopicbinaries (radial velocitystudies)

 Eclipsing binaries

Multiplicity among Hippar cosmembers of ScoOB2:
57698;:38;<=8?>@8;ACB�:DB�E

Upper Scorpius 145 5 63 46 7 3 �,� F,GH��� I,G

Upper Centaurus Lupus 140 13 128 70 18 4 ��� FJ+K��� IJ+

Lower Centaurus Crux 118 10 112 55 12 0 ��� L,GH��� �"I

all 303 171 37 7 ��� FJ+K��� IJ+
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7 Obser vational biases

Brown (2001) predicted that the observed number of multiple systems
with A- and late B-type primaries is relatively low due to observational bi-
ases.Part of this selection effect is now removed with our high-r esolution
adaptive optics observations, which bridge the gap between the wide vi-
sual and closespectroscopic binaries.

The fraction of stellar systems which is multiple versus the spectral type
of the primary , for the threesubgroups of ScoOB2 (only Hippar cosmem-
bers). The result of our new adaptive optics observations is indicated with
the darker colours. The spectral types of the companions (not included in
the plot) are always later than those of the primaries.

8 Future Work

 Additional multi-colour follow-up observations
. � Better discrimination between companion stars
. . and background stars


 Simulations of evolving OB associationswhich include stellar
. and dynamical evolution using the STARLAB package
. (e.g.,PortegiesZwart et al. 2001).Thesesimulations
. will be used to:
. � Simulate observations in order to characterize
. . observational biases
. � Establish how the evolution of the cluster (i.e. stellar
. . and dynamical) affects the primor dial binary population.
. � Find the primor dial binary population by application of inverse
. . dynamical population synthesis techniques
. � Test theories of star and cluster formation

A simulated cluster (Plummer model,
Salpeter IMF) for W

1
� , 3, 5 and 10 Myr .

The six most massive stars are plotted in
red, and the following 24 most massive
stars in green. This plot illustrates the effect
of masssegregation in the cluster.
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