Stellar and mass-loss properties of young embedded O-type stars
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ABSTRACT

The impact of stellar mass-loss during the earliest phases of massive star evolution is a crucial part of the puzzle
toward the understanding of massive star formation. Occurring behind large amounts of extinction, inside their
natal molecular cloud, these evolutionary stages can only be observed at near-infrared wavelengths.

Recent investigations by Lenorzer et al. (2004a) and Repolust et al. (2005) showed that the near-infrared lines
present in the spectra of O-type stars can be used to determine their stellar and wind parameters in a similar
fashion as in the optical. We make use of this important advance and carry out the first investigation of the wind
properties of some of the potentially youngest massive stars of our Galaxy. We present results for two early O-type
stars, analysed with FASTWIND (Puls et al. 2005): an 05.5V star showing the presence of a low density disk;

an 05 star that turns out to have already evolved to the supergiant phase.

INTRODUCTION

The wind properties of recently formed massive stars is still unknown. Martins et al. (2005a) suggest that some low
luminosity field O-type stars displaying anomalous weak winds could be in an early stage of evolution, although
these stars are no longer inside their natal molecular cloud. Likely in an earlier stage, near-infrared surveys of
star-forming regions have revealed a new class of objects displaying only emission lines mostly from hydrogen and
helium (Bik et al. 2006, Blum et al. 2004). These massive stars, sufficiently hot to ionize hydrogen and helium, are
surrounded by a large amount of circumstellar material probably distributed in a disk. The origin of this circumstellar
material is however still unclear and it cannot be excluded that some of them are from stellar (mass-loss) origin
(Lenorzer et al. 2004b). In the same star-forming regions some hot massive stars display a K-band spectrum similar
to that of field O-type stars. These are therefore likely more evolved than the ones showing only emission lines but
should still represent the earliest phase of massive star evolution for which we can observe the atmosphere. Detailed
investigation of their stellar and wind properties should help us make evolutionary links between the different class
of objects mentioned above. In this purpose, we have obtained medium resolution VLT/ISAAC H-, K- and L-band of
a few embedded O-type stars and present our results for two stars.

IRAS 18060-2005 is one of the two extended HII regions of the giant molecular cloud W31. Kim & Koo (2001) extensively
studied this bipolar HII region at radio wavelengths, they estimate the dynamical age of the region as 1 Myr.
18060nr1733 (denoted by an arrow) is located close to the projected center of the bipolar HII region. The NTT/SOFI
near-infrared colour composite of the region is presented below (left) with a Spitzer GLIMPSE composite image (right).

IRAS18507+0110 is a young starforming region located in the Sagitarius-Carina arm at some 2.5 kpc from us. Part of the
NTT/SOFI survey of IRAS sources with UCHII colours (Kaper et al. in prep.), this region has already revealed the presence
of four OB-type stars among which IRAS18507nr262 (indicated by an arrow) is the hottest (Bik et al. 2005). Below left is
displayed the NTT/SOFI near-infrared colour composite of the region; below right one built from Spitzer GLIMPSE images.
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The strength of emission lines is small and a near-infrared excess due to free-free emission from the disk is insignificant;
restricting the disk to be of low density. A weak double peaked emission is also present in the profile of the Hel line

at 1.7 microns as expected in a circumstellar disk close to such a hot star.

Both the stellar and the circumstellar lines originating close to the star (Brl1, Br10 and Hel at 1,7 microns) indicate a
projected rotational velocity of 250 ki/s; while the break-up velocity as given by the model parameters is of 650 km/s.
We therefore conclude that if the viewing angle is < 25 degrees (from pole on), this star is rotating at velocities close to
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3. Modeling the near-infrared spectrum of O-type stars

Lenorzer et al. (2004b) and Repolust et al. (2005) showed that the few near-infrared lines present in the spectra of
O-type stars are sensitive to their stellar and wind properties and that current state-of-the-art model atmosphere
(CMFGEN (see Hillier 1990) and FASTWIND (see Puls 2005)) are able to reproduce the formation mechanisms for
most of these lines. These studies show that it is now possible to determine the stellar and wind properties of the
young massive stars located in starforming regions.

Although the K-band has been extensively studied for near-infrared spectral classification purposes (Hanson et al.
1996, 2005), this band does not contain the best diagnostics lines to retrieve the stellar and wind parameters. The

H-band has proven to be more adequate to infer stellar parameters , while the (L-band) Bra line is confirmed to
be a fairly good mass-loss indicator (e.g. Hanson(2007)).

break-up.

The presence of a weak disk around a hot star could also be due to an asymmetry in the wind caused by a difference of
temperature between pole and equator. However, the modelled temperature for this star is well above the temperature
range where this is situation is expected to happen, the so-called bi-stability jump being predicted at about 21kK.

WIND CLUMPING: As illustrated by the case of 18060nr1733 a new challenge is arising: the inclusion of wind clumping
in the analysis. Most of the near-infrared lines being formed over the transition zone between photosphere and wind
are very sensitive to clumping. This necessary refinement in the analysis (mass-loss rates might be overestimated by
up to a factor of 10 or more, drastically changes our view on their evolution see e.g. Hirschi (2007)) adds 3 parameters

Another possibility is that it is the final remnant of an accretion disk. This hypothesis is however problematic due to the
very short timescale on which such a weak disk would be dispersed by the wind and ionization flux of an early-O star.
Other possible origins include magnetic fields or the presence of a companion star (although no evidence of a companion
has been found by Apai et al. (2007).

CONCLUSIONS

We conducted a first analysis on the wind properties of some embedded O-type stars.

Aged of about 1 Myr, 18507nr262 is an 05.5 V star surrounded by a low density circumstellar disk.

The origin of this disk could be that the star is rotating close to its break-up velocity although this
requires a viewing angle rather pole on (< 25 degrees) that we cannot confirm with the present analysis.

The second star presented in this poster is well fitted by a model corresponding to an 05 supergiant.

The main wind diagnostic line, Bro., cannot be reproduced without the inclusion of clumping in a rather
narrow region close to the photosphere, where the wind is being accelerated. Once clumping is accounted
for, the mass-loss required to produce such a strong emission line is reduced to 2E-6 Mo/yr. Very similar
to CygOB2 #8C, this star is already too evolved for the purpose of this study.

to the analysis: clumping factor, starting and end point of the clumped region. Moreover these parameter have a
significant influence on the derivation of other parameters when only near-infrared lines are available to conduct
the analysis.

STELLAR RADIUS: Another major complication in the analysis of obscured O-type stars is the absence of accurate
determination of their luminosity due to the degeneracy of near-infrared colours. It is impossible to constrain the
stellar radius from near-infrared photometry alone.
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