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MASSIVE BINARIES IN THE R 136 CLUSTER
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RESUMEN

En el marco de un extenso estudio destinado a la bisqueda y seguimiento de sistemas eclipsantes masivos en
cumulos y asociaciones estelares jévenes, hemos obtenido imagenes CCD en la banda V del cimulo R136 en
30 Doradus, y espectroscopia de alta resolucién de algunas de las estrellas variables alli encontradas. Aqui
presentamos nuestro andlisis preliminar de las variaciones de luz y velocidad radial observadas en 4 sistemas
miltiples masivos del cimulo R136.

ABSTRACT

As part of a large project aimed to the discovery and follow up of massive eclipsing systems in young clusters
and stellar associations, we have obtained V-band CCD imaging of the R136 cluster in 30 Doradus, and high
resolution spectroscopy of several among the variable stars we found there. Here we summarize our preliminary
analysis of light and radial velocity variations for 4 massive multiple systems in the R136 cluster.
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1. INTRODUCTION

This is part of a large project devoted to the
search and subsequent study of massive eclipsing sys-
tems in young OB associations and clusters in the
Galaxy and the Magellanic Clouds.

The results of this study will hopefully help to a
better understanding of

e the “mass discrepancy” first pointed out by
Herrero et al. (1992) and recently rediscussed by
Massey et al. (2005)

e the upper limit of the Initial Mass Function
(IMF), if there is one, as has been claimed for exam-
ple by Oey & Clarke (2005) and Figer (2005)

e the apparent tendency of OB stars to form
in multiple systems (see for example, Mason et al.
1998)

e the way in which unnoticed multiplicity affects
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the parameters derived for massive stars, as dis-
cussed by Walborn et al. (1999), and Nelan et al.
(2004) among others

e the physics of individual multiple systems con-
taining massive stars.

2. R136 IN 30 DORADUS

One of our favorite targets in the above men-
tioned project is the R136 cluster which harbors
the largest known concentration of 02-3 stars (those
which are expected to be the most massive) as deter-
mined by spectral classification works published by
Melnick (1985), Parker (1993), Walborn & Blades
(1997), and Massey & Hunter (1998, hereafter MH).

The relatively moderate distance of R136 (LMC)
allows imaging with 1 m class telescopes, and high
resolution spectroscopy with modest exposure times.
Moreover, some very massive binaries have succes-
fully been studied there, as for example MH38,
which, having an O3 primary of 57 Mg (cf. Massey,
Penny, & Vukovich 2002) showed the highest mass
ever measured for a component of an eclipsing binary
system at that time.

3. OBSERVATIONS

Direct imaging in the V band is carried out at
the 1 m Swope telescope at Las Campanas Obser-
vatory, and at the CTIO/Yale 1.0 m telescope, op-
erated by the SMARTS collaboration in service ob-
serving mode.

Spectroscopic observations of selected targets are
obtained at Las Campanas Observatory making use
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Fig. 1. Low resoltuion spectra of MH08, MH15, MHO7
and MH25. Spectral types are taken from MH.

of the Magellan II (Clay) telescope with the Mag-
ellan Inamori Kyocera double echelle spectrograph
(MIKE) and the du Pont telescope and its echelle
spectrograph. Typical resolution is R = 28,000 and
22,000 for the blue and red side of the MIKE spec-
trograph, respectively; and R = 45,000 for the data
obtained with the du Pont echelle.

4. RESULTS

The photometric observations provided informa-
tion on dozens of new variables among the R136
stars.

We will summarize here preliminary results from
4 of them, namely MHO07, MHO8, MH15 and MH25.
All these targets belong to the earliest spectral types,
exhibit photometric variations larger than 0.2 mag-
nitues in our V band observations, and their position
in the cluster is not too crowded thus allowing imag-
ing with ~ 1 " seeing. They all count among the
brightest variables found in this cluster (V ~ 13.0).

In Figure 1 we present low resolution spectra of
these four stars obtained with the Boller & Chivens
spectrograph at the Clay telescope in Las Campanas
Observatory, in Nov. 2003.

MHO07: The photometric variations show a proba-
ble period of 6.8282 days, while radial velocity vari-
ations with an amplitude of 55 kms™! are observed
for the NIV 4058 A narrow emission line, suggesting
a somewhat longer period. On the other hand, the
radial velocities measured for the He Il absorption
lines seem to favor shorter periods, of the order of
5 days. If the two different periods are confirmed, we
should be dealing with a multiple system consisting
of 4 stars at least.

MHO08: No obvious periodicity is found from the
photometric variations, although the radial velocities
obtained to date seem to vary in a period around 8
days, with an observed radial velocity amplitude of
60 kms~—! for the NIV 4058 A emission line. Hell
lines have complicated profiles that might be multi-
ple.

MH15: The radial velocities for NIV 4058 A and
NV 4604 A and 4620 A are in good agreement with
the 4.6977 days period derived from the light vari-
ations. The observed velocity amplitude is ~200
kms~'. No features from the secondary star have
been so far identified in the spectra.

MHZ25: The Hell absorption lines show triple pro-
files, with a stronger component which exhibits low
amplitude radial velocity variations (~50 kms~™!)
and two fainter components wich seem to follow very
well the period of 1.806 days, found from the photo-
metric observations, with radial velocity amplitudes
near ~700 and ~1000 kms™!, respectively. This
points to at least 3 stars in the system.

The radial velocity observations of these and
other MC stars, are still in progress and the informa-
tion here provided has to be regarded as very prelim-
inary, pending verification through nextcoming ob-
servations, as our present-date database only counts
between 7 and 10 high resolution spectra per target.

This research is based on data gathered with the
6.5 m Magellan Telescopes at Las Campanas Ob-
servatory, Chile. The authors are indebted to the
Carnegie Supernova Project (CSP) team for kindly
targeting R136 with the Swope telescope during ob-
serving nights allocated to CSP. The authors ac-
knowledge support from NSF through the following
grants: AST-0506577 to P. Massey, AST-0506749 to
K. DeGioia-Eastwood, and AST-0453611 to E. Dar-
nell.
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DISCUSSION

N. Walborn - In addition to the important binary results that these systems will provide, they are important reminders
of the incidence of multiplicity among the bright MC OB unresolved population, which affects their analysis and inter-
pretation.

N. Morrell - Indeed. Multiplicity has been confusing us for a long time, and still does.

Atsuo entertains Agustin (and father Roberto, too) pulling out some magic threads.



