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WHA T CAUSES THE LOW BINAR Y FREQUENCY
NEBULA CLUSTER?

IN THE ORION

R. Kohler!

RESUMEN

Reportamos los resultados de un censode binarias en la parte externa del Cumulo de la Nebulosade Orion,
ertre 0:7 y 2pc del certro del cumulo. Los resultados seran utiles para decidir si la tasa de formacion de
binarias fue menor en Orion que en Taurus-Auriga, o si seformaron inicialmente muchas binarias que desples
fueron destru das por encuerros estelarescercanos. Encorntramos que la frecuenciade binarias ertre estrellas
de baja masano dependede la distancia al certro del cumulo. La frecuenciade compareras para las estrellas
de masagrandetiende a decrecercon el radio, pero el signi cado estadstico de estatendencia es pequeo.

ABSTRACT

We report on the results of a binary survey in the outer parts of the Orion Nebula Cluster, 0:7 to 2pc from the
cluster certer. The results should help to decideif the binary formation rate waslower in Orion than in Taurus-
Auriga, or if many binaries formed initially , but were destroyed in closestellar encourters. We nd that the
binary frequency of low-massstars doesnot depend on the distance to the cluster certer. The companion star
frequency of intermediate- to high-massstars shaws a trend to decreasewith cluster radius, but the statistical

signi cance of this trend is rather weak.
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1. INTR ODUCTION

Stellar multiplicit y is very commonamongyoung
solar-like stars, with companion star frequencies
closeto 100% for young stars in well-known nearby
star-forming T assciations (Leinert et al. 1993;
Ghez, Neugebauer& Matthews 1993; see Duché&ne
1999 for a review). Therefore, our current under-
standing of star formation is that all or nearly all
stars form in binary or multiple systems. Howe\er,
the multiplicit y of solar-type main-sequencestars
is signi cantly lower, only about 55% (Duquennoy
& Mayor 1991). On the other hand, high binary
frequenciesare not obsened among low-mass stars
in stellar clusters. Binary surveysin the certer of
the young Trapezium Cluster (e.g. Prosser et al.
1994; Petr et al. 1998; see McCaughrean 2001 for
an overview), which is the core of the Orion Neb-
ula Cluster (ONC), and in the young cluster IC 348
(Duchene, Bouvier & Simon 1999), as well as those
in older ZAMS clusters (Bouvier, Rigaut & Nadeau
1997;Patienceet al. 1998)show binary fractions that
are comparable to that of main-sequencestars, i.e.
lower by factors of 2 { 3 than those found in loose
T assaiations.

There are two prevailing theoretical explana-
tions for this discrepancy: Either the initial binary
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fraction depends on the ervironmental conditions
(Durisen & Sterzik 1994),i.e., only a relatively small
fraction of the starsin Orion formed in binaries. The
secondtheory is based on the disruption of bina-
ries through close stellar encourters (Kroupa 1995;
Kroupa, Petr & McCaughrean 1999). In this case
the formation rate of binaries in Orion was as high
asin Taurus-Auriga, but many of the binaries were
destroyed later in the densecore of the cluster.

In order to obtain obsenational support for one
or the other proposed explanation, we carried out
a multiplicit y survey of stars in the outskirts of the
ONC, about 0.7 to 2 parsecfrom the cluster certer.
At these distances from the center, the timescales
for stellar interactions are hundreds of times the age
of the cluster. Therefore, the binary fraction in the
outer parts of the ONC is unlikely to have beenmod-
ied by the dynamical ewlution of the cluster, and
should be the intrinsic value resulting from the frag-
mentation process.

The results presenied here are still preliminary;
a full analysiswill be published elsewhere.

2. OBSERVATIONS AND DATA REDUCTION

Sincethe binaries we are interested in have sub-
arcsecondseparations, we decided to use Adaptive
Optics (AO) to seard for companionstars. AO sys-
tems needa relatively bright (I < 12:5™) star within
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Fig. 1. Fields in the ONC observed for this work. The
numbers are the designations in Jones & Walker (1988)
for the stars usedto guide the AO system, the dots mark
all the stars in their catalog.

about 30%° from the target. We selecteda list of
stars from Jones & Walker (1988) at radii of 5° {
15° (0.7 { 2pc) from the cluster certer that ful ll

this criterion (seeFig. 1). Then we usedthe Two-
Micron All-Sky Survey (2MASS) point source cat-
alog (http://www.ipac.caltech.edu/2mass/ ) to
nd stars within 30°° from these guide stars. Fig-
ure 2 shows the eld around the star JW0971 as an
example, Figure 3 shows one of our AO-corrected
imagesof this eld.

The larger part of the obsenations was carried
out in three nights in Decenber 2001 at the ESO
3.6m telescope on La Silla. We used the adaptive
optics system ADONIS with the SHARP || camera
to obtain nearly-di raction limited imagesin the K-
band. In February 2002,eleven elds were obsened
in one half night at the Keck |l telescope. We used
the adaptive optics system (Wizinowich et al. 2000),
and the NIRC 2 camerawith the K, lter.

The data were reduced following standard
infrared-imaging techniques, i.e., sky subtraction,
at- elding and bad-pixel correction. We then used
DAOPHOT within IRAF to nd starsin the result-
ing images. Most companion stars are too closeto
their primaries to be discovered by automatic proce-
dures; they were found by visual inspection.

Fig. 2. Quicklook image from the 2MASS database of
the region around JW0971. The eld of view is about
70°°  70° North is up and East to the left.

Fig. 3. AO-corrected image of the two stars southeast of
JW0971. The star to the southwest has a companion at
0:3% separation. The eld of view is about 12° 12

3. RESULTS

In total, we obsened 229 stars in 52 elds (see
Fig. 1). We are sensitive to companions at sepa-
rations in the range 0°43 { 1°41 or 60 { 500AU.
The lower limit is the diraction limit of the 3.6m
telescope in K; the outer limit was chosento limit
the number of chancealignments of unrelated stars.



IAU Colloquium 191 - The Environment and Evolution of Double and Multiple Stars (© Copyright 2004: 1A, UNAM)

Editors: C. Allen & C. Scarfe

106 KOHLER

I I
r A Petr 1998 A
ol !
s T e this work -
[%p]
o [ 1
c | ]
< .
5 | Main—sequence T |
R
c o | N
0
= L |
o
[ [ E il
O - —
L. Ll \ Ll Ll
0 0.5 1 1.5 2
Distance from cluster center [pc]
Fig. 4. Frequency of binaries among low-mass stars

(mass range 0.1 { 1:4M ) as function of the distance
to the cluster certer. The dashed line shows the com-
panion star frequency among solar-type main-sequence
stars (Duquennoy & Mayor 1991).

These limits are identical to those used by Petr et
al. (1998) for their binary survey in the certer of the
ONC.

We obtained massesfor many of our targets
from Hillenbrand (1997), and massestimates based
on infrared colors from 2MASS. According to these
sources,we have 113 low-masssystems(in the mass
range 0:1 { 1:4M ), with 88 massesfrom Hillen-
brand (1997) and 25 from 2MASS. Six of thesestars
have companions,which is equalto 5:3 2:2%. This
is not signi cantly higher than the result of Petr et
al. (1998), who found 5 2% binaries among low-
massstars in the cluster core. Figure 4 shows the
binary frequencyat three distancesfrom the cluster
certer. There is no signi cant tendency for a higher
binary frequencyin the outer parts of the cluster.

Our sample contains 40 systemswith massesor
massestimates larger than 1:4M (35 from Hillen-
brand 1997,5 from 2MASS). Howewer, there is only
one star with a massof over 10M , the lower limit
of the high-mass subsamplein Petr et al. (1998),
which makesa comparisonwith this high-masssam-
ple meaningless.Instead, we wert bad to the orig-
inal data in Petr (1998) and courted intermediate-
to high-mass stars in their target list. There are
17 systemswith four companions(two binaries, one
triple) at separationsin the range0°43{ 1°41,i.e. a
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Fig. 5. Frequency of binaries among intermediate to
high-mass stars (masses> 1:4M ) as function of the
distance to the cluster certer. The dashed line shows
the companion star frequency among solar-type (i.e. low-
mass) main-sequencestars (Duquennoy & Mayor 1991).

companionstar frequencyof 24 12%. In the outer
parts of the cluster, we nd 4 companions, which
yields a companion star frequencyof 10 5%. Fig-
ure 5 shaws the results as a function of the distance
from the cluster certer. Although the companion
star frequenciesin the cluster core and the outskirts
di er by afactor of morethan 2, the errors are large,
sothis is just barely a1 result.

4. CONCLUSIONS

We nd no tendency for the binary frequency of
low-massstarsto changewith distancefrom the clus-
ter certer. This can be explained in two ways:

Either the initial formation rate of binaries was
much lower in Orion than in Taurus-Auriga, and
dynamical disruption played only a minor role,

or the Orion Nebula Cluster was much denser
in the past, sothat stars that are now at more
than 1pc distancefrom the certer went through
enoughcloseencourters to reducethe compan-
ion star frequencyto the level obsened.

We nd that binaries are more frequert among
intermediate- to high-mass stars than among low-
mass stars. We also nd that the companion star
frequency of intermediate- to high-massstars tends
to decreasewith distance from the cluster certer.
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Howewer, this result is hardly statistically signi cant
due to the small samplesizes.

I wish to thank my collaborators on this
project, Monika G. Petr-Gotzens, Mark McCaugh-
rean, Jerome Bouvier, Gaspard Duch&ne, and An-
dreas Quirrenbach. | also have to thank Friedrich
vom Stein since Hans Zinnedker thinks that | al-
ways do. This work is based on obsenations ob-
tained at the European Southern Obsenatory, La
Silla, proposal number 68.C-0539,and at the W.M.
Keck Obsenatory, which is operated as a scierti ¢
partnership among the California Institute of Ted-
nology, the University of California and the National
Aeronautics and SpaceAdministration. The Obser-
vatory was made possibleby the generous nancial
support of the W.M. Keck Foundation. The author
wishesto recognizeand adknowledge the very sig-
ni cant cultural role and reverencethat the summit
of Mauna Kea has always had within the indigenous
Hawaiian community. | am most fortunate to have
the opportunity to conduct obsenations from this
mountain. This work hasbeensupported in part by
the National ScienceFoundation Scienceand Ted-
nology Certer for Adaptiv e Optics, managedby the
University of California at Sarta Cruz under cooper-
ative agreemen No. AST-9876783,and by the Euro-
pean Commission Researt Training Network \The
Formation and Evolution of Young Stellar Clusters"
(HPRN-CT-2000-00155).

REFERENCES

Bouvier, J., Rigaut, F., & Nadeau, D. 1997, A&A, 323,
139

Duchéne, G. 1999, A&A, 341,547

Duchéne, G., Bouvier, J., & Simon, T. 1999, A&A, 343,
831

Duquennoy, A., & Mayor, M. 1991, A&A, 248, 485

Durisen, R. H., & Sterzik, M. F. 1994, A&A, 286, 84

Ghez, A. M., Neugebauer,G., & Matthews, K. 1993,AJ,
106, 2005

Hillenbrand, L. A. 1997,AJ, 113,1733

Jones, B. F., & Walker, M. F. 1988, AJ, 95, 1755

Kroupa, P. 1995, MNRAS, 277, 1491

Kroupa, P., Petr, M., & McCaughrean, M. 1999, New
Astronomy Reviews, 4, 495

Leinert, Ch., Zinnecker, H., Weitzel, N., Christou, J.,
Ridgway, S. T., Jameson, R., Haas, M., & Lenzen,
R. 1993, A&A, 278,129

McCaughrean, M. J. 2001, in The Formation of Binary
Stars, proc. IAU Symp. No. 200, eds. H. Zinnecker &
R. D. Mathieu (San Francisco: ASP), 169

Patience, J., Ghez, A. M., Reid, I. N., Weinberger, A. J.,
& Matthews, K. 1998, AJ, 115,1972

Petr, M. G. 1998, PhD Thesis, University of Heidelberg

Petr, M. G., Coude du Foresto, V., Beckwith, S.V. W.,
Richichi, A., & McCaughrean, M. J. 1998, ApJ, 500,
825

Prosser, C. F., Stau er, J. R., Hartmann, L., Soderblom,
D. R., Jones,B. F., Werner, M. W., & McCaughrean,
M. J. 1994, ApJ, 421,517

Wizinowich, P., Acton, D. S., Lai, O., Gathright, J., Lup-
ton, W., & Stomski, P. 2000, Proc. SPIE, 4007, 2

Rainer Kohler: Max-Planck-Institut fer Astronomie, Konigstuhl 17, 69117 Heidelberg, Germany (koehler@

mpia.de).



IAU Colloquium 191 - The Environment and Evolution of Double and Multiple Stars (© Copyright 2004: 1A, UNAM)
Editors: C. Allen & C. Scarfe

108 KOHLER

DISCUSSION

Sterzik { What are the masses/sgctral typesof the \higher masssample" and how do they compareto the
Petr et al. samples?

Kohler { The stars in our \higher masssample" have an averagemassof about 3 Mg, . The Petr et al.
sample consistsonly of O and B-stars. Soit is possiblethat we do not seea dependenceof multiplicit y on
radius, but on primary mass.

Abt { Did | understand you to say that there are no short-period binaries in this cluster?

Kohler { We used adaptive-optics obsenations to seart for binaries. This meansthat we are limited
by diraction limit of the telescope (0.13 arcsec). We cannot nd binaries with smaller separations/shorter
periods. | am surethere are short-period binaries in the cluster, but we just cannot nd them with our survey.

Kaper { That at least one massiwe binary hasbeendisrupted in the past ( 2.4 Myr age)is demonstrated
by the two OB runaway stars Col and AE Aur that originate in the Trapezium clusters.

Kohler { 1 am sure disruption of binaries plays a role in the trapezium cluster. The question we are
trying to answer is whether it is the dominant processthat causesthe low binary frequencycomparedto other
star-forming regions.

Clarke { | think that destruction of binaries at these separationscan only have happenedif the cluster was
much denserin the past. In this caseyou would not expect a star's presert location to re ect its conditions
at birth and one would not expect a gradiert in binary fraction. This hypothesis can only be tested through
proper motion experiments that do not factor out any net expansionof the cluster.

Helmut Abt and Kam-Ching Leung.



