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Why do we study massive binaries?

Double lined eclipsing systems provide the only way to
empirically measure stellar fundamental parameters such as
masses and radii throgh the simultaneous analysis of radial
velocity and light variations.

Massive binaries are special objects for the analysis of pair
interactions, wind-wind collisions, etc.

Massive binaries have been succesfully used as extragalactic
distance idicators: Guinan et al. 1998, Fitzpatrick et al. 2002,
Ribas et al. 2002, Harries et al. 2003, Hilditch et al. 2005,
Ribas et al. 2005, Bonanos 2008
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Some questions need to be addressed

How massive a star can be? (Oey & Clarke 2005, Figer
2005)

Are massive stars always part of multiple systems?
(Mason et al. 1998, Turner et al. 2008). Analysis of
multiplicity provides clues to the understanding of massive
star formation (Zinnecker & Yorke 2007).
On the other hand, non detected multiplicity will affect the
derivation of stellar parameters and can produce biases in
the estimated IMF (Maíz Apellániz & Úbeda 2005)

Why do masses derived from evolutionary models often
desagree with those calculated via comparison of the
spectrum with model atmospheres? Keplearian masses
should help to �nd the origin of the “mass discrepancy”
(Herrero et al 1992, Massey et al. 2005)

Contifest, Oct. 2008 – p.3/26



Found in massive star forming regions
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HD 93205
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The most massive binaries

NGC3603-A1 (WN6ha) 116 � 31 + 89 � 16 M� (Schnurr
et al. 2008)

WR21a (Of/WNLha) 87 � 6 + 53 � 4 M� minimum masses
(Niemela et al. 2008)

WR20a (WN6ha - O3If*/WN6ha) � 83.0 � 5.0 + 82.0 � 5.0
M� Bonanos et al. 2004, Rauw et al. 2004, 2005

HD93205 (O3.5V + O8V) � 60- 40 + 25 - 17 M�
(Benvenuto et al. 2002) indirect, via investigation of apsidal
motion

R136-MH38 (O3V + O6V) 56.9 � 0.6 + 23.4 � 0.2 M�
(Massey et al 2002)

WR22 (WN7+abs+O) 55.3 � 7.3 + 20.6 � 1.7 M� (Rauw
et al. 1996; Schweickhardt et al. 1999)
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WR20a

P = 3.386 d; K1 = 362.2 km s� 1; K2 = 366.4 km s� 1; i = 74.5�

Bonanos et al. 2004
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NGC3603
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RV orbits for NGC3603 A1 and C

Schnurr et al.'08
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The WNH class: Smith & Conti 2008

Includes the most massive among the previous list with the
addition of R145 in 30 Dor � 120 M� (Moffat 2006).
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Getting close to the predicted mass limit

Arches cluster; Figer 2005
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Favourite massive star in our neighborhood
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Eta Carinae binary

Period: 5.5 years, periastron passage: January 2009!
Augusto Damineli, www.etacarinae.iag.usp.br
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Mass discrepancy

Massey et al. 2008, ApJ submitted

(FASTWIND vs Geneva models)
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What is needed: accurate radial velocity and light curves for
massive eclipsing systems. A good example: LH 54-425 (O3 V
+ O5 V) 47 � 2 + 28 � 1 M� (Williams et al. 2008)

Going-on investigations by Bonanos et al. (OGLE eclipsing
binaries) and Massey et al. (Magellanic Clouds clusters)
should help in clarifying this issue.

The more and more we are running into systems where more
than 2 stellar components are identi�ed.
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More than binaries

Mason et al. 1998, at least 1/3 of the galactic O stars have
close companions

Turner et al. 2008, 40 new discovered companions in 31
systems

Nelan et al. 2004, HD 93129A, HDE 303308, HD 93206

Maíz Apellániz et al. HST-GO-10602 and HST-GO-10898

XMega collaboration: selected targets in the Carina
Nebula Region

Gamen et al. http://ostars.dfuls.cl/ownsurvey
RV survey of O and WN stars for which there is no
multiplicity indication in the “Galactic O Star Catalog”; Maíz
Apellániz et al. 2004
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WR25 radial velocity orbit; P = 208d

Gamen et al. 2006 Contifest, Oct. 2008 – p.17/26



HD93129 ACS/HRC F435W, F850LP

31:000 � 28:006

Maíz Apellániz et al., HST-GO-10898
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HD93129 ACS/HRC F435W

A, B and a single star PSF; 0:0053� 0:0053

Maíz Apellániz et al., HST-GO-10898
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HD93129A FGS

Maíz Apellániz et al., HST-GO-10898 Contifest, Oct. 2008 – p.20/26



Pismis 24-1: visual binary
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Pismis 24-1: individual spectra

Maíz Apellániz et al, 2007
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Pismis 24-1

CASLEO radial velocities of NIV 4058 folded with the photo-

metric period of 2.36088 days from Massey et al
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HD150136: multiple system

Niemela & Gamen, 2005, MNRAS, 356, 974 Contifest, Oct. 2008 – p.24/26



Herschel36: multiple system

Arias et al, in preparation
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You can only con�rm that a massive star is a binary, but never
that it is not.

Virpi Niemela

Many thanks to:
Julia Arias, Rodolfo Barbá, Kathy Eastwood, Roberto Gamen,
Doug Gies, Laura Penny, Jesús Maíz Apellániz, Phil Massey,
Alfredo Sota, Nolan Walborn, Amanda Zangari
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