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Motivation

•Multiplicity is a basic imprint 
of SF process

• IMFs can mask multiplicity

•But multiplicity seems to be 
environment-dependent

de Marchi et al. 2008 & Bastian et al. 2010
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~1.9 pc
somewhat higher extinction, and the interface between
the IC 348 cluster and the molecular cloud all along the
southern edge of the image. This interface region includes
numerous signposts of very recent star formation, includ-
ing the HH 211 infrared jet (McCaughrean, Rayner, &
Zinnecker 1994), the enshrouded NIR source deemed the
Flying Ghost nebula (Strom et al. 1974; Boulard et al.
1995), a dark lane suggestive of a flared edge-on disklike
structure, and a number of bright-infrared sources
detected only in the K band.

A few image artifacts can also be seen in this figure. These
include geometric distortions of the stars in the northeast
corner of the image, red and green glint features due to
internal reflections along the southern edge of the cluster,
and coma-like ghosts south-southwest of the cluster center,
resulting from a long time constant in one amplifier of the
HAWAII-2 array. On the other hand, the alternating blue-
green-red source located south-southwest of the cluster
center is not an image artifact but instead is the asteroid
545Messalina.

Fig. 1.—FLAMINGOS JHKs infrared color composite image of IC 348. For orientation, north is up, while east is left, and the field of view is 20<5 ! 20<5.
The bright blue star to the north by northwest is o Persei. The cluster’s interface with the Perseus molecular cloud is clearly outlined by a series of nebular
features and enshrouded or heavily reddened sources along the southern edge of the image. The series of blue-green-red sources to the south by southwest of
the cluster center is the asteroid 545Messalina. Individual images were obtained 2002 February 8 with a resolution of 0>6 pixel"1 and a typical seeing of 1>6.
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~0.8 pc~1.9 pc
somewhat higher extinction, and the interface between
the IC 348 cluster and the molecular cloud all along the
southern edge of the image. This interface region includes
numerous signposts of very recent star formation, includ-
ing the HH 211 infrared jet (McCaughrean, Rayner, &
Zinnecker 1994), the enshrouded NIR source deemed the
Flying Ghost nebula (Strom et al. 1974; Boulard et al.
1995), a dark lane suggestive of a flared edge-on disklike
structure, and a number of bright-infrared sources
detected only in the K band.

A few image artifacts can also be seen in this figure. These
include geometric distortions of the stars in the northeast
corner of the image, red and green glint features due to
internal reflections along the southern edge of the cluster,
and coma-like ghosts south-southwest of the cluster center,
resulting from a long time constant in one amplifier of the
HAWAII-2 array. On the other hand, the alternating blue-
green-red source located south-southwest of the cluster
center is not an image artifact but instead is the asteroid
545Messalina.

Fig. 1.—FLAMINGOS JHKs infrared color composite image of IC 348. For orientation, north is up, while east is left, and the field of view is 20<5 ! 20<5.
The bright blue star to the north by northwest is o Persei. The cluster’s interface with the Perseus molecular cloud is clearly outlined by a series of nebular
features and enshrouded or heavily reddened sources along the southern edge of the image. The series of blue-green-red sources to the south by southwest of
the cluster center is the asteroid 545Messalina. Individual images were obtained 2002 February 8 with a resolution of 0>6 pixel"1 and a typical seeing of 1>6.
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~0.8 pc~0.8 pc
IC348 Muench et al. 2003 ONC McCaughrean
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~0.8 pc ~6.0 pc
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•Duquennoy & Mayor 1991 
measured sep. distribution 
in solar neighbourhood

•High multiplicity in Taurus 
and Ophiuchus 

•Ghez et al. 1993, 
Leinert et al. 1993

•ONC

•Prosser et al. 1994, 
Koehler et al. 2006

Previous Studies



•Spectroscopic Binaries

•Direct Imaging (& speckle 
imaging)

• Interferometry              
& Lunar Occulatations

Where are those binaries?

MAD/ONC
Buoy et al. 2008



•Spectroscopic Binaries

•Direct Imaging (& speckle 
imaging)

• Interferometry              
& Lunar Occulatations

Where are those binaries?

MAD/ONC
Buoy et al. 2008



•Separation ranges probed

•Flux ratio sensitivity

•Different distances

•Small samples

So what’s the problem?
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Our Comparison

•Multiplicity Fraction 
over common sep. range 
32-830 AU

•Density defined within  
0.25 pc of centre

•Taurus, L 1688 (Oph), 
IC348
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Our Comparison

•Multiplicity Fraction 
over common sep. range 
60-600 AU

•Density defined within  
0.25 pc of centre

•Taurus, L 1688 (Oph), 
IC348 and ONC
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• N-body simulations (Parker et al. 2009)

• N=200 - 1500 stars

• Distribute mass in a Plummer sphere 
with characteristic half-mass radii 

• 0,1, 0.4, 0.8 pc

• Primary masses from Kroupa IMF

• Companion mass from flat mass 
ratio distribution

• Assume an initial binary fraction 

• 100% or field-like

• Evolve for 1 Myr...

Simulation Setup



Simulation Results

•Simulations tailored to 
each region

•Number of stars

•1/2 mass radii

•Densities
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•Unknown multiplicity 
can lead to uncertain 
mass estimates

What does this mean for IMFs?
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So what about denser regions?
•We are using X-ray bias 

to probe multiplicity in 
10 High-Mass, High 
Density SFRs

•Probe separation range 
that is unresolved to 
direct imaging 

• <800 AU @ 1.6 kpc



• Denser region -> Fewer Binaries

• Can be explained by stellar encounters

• Not necessarily casual

• Wish list...

• Multiplicity in denser SFRs - On its way!

• Multiplicity at earlier stages (e.g., Duchene et al . 2007)

Conclusions



Range of Galactic SFRs
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