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Goals

In the context of the VLT/FLAMES Tarantula Survey
our Goals are:

What is going on in the O-WN transition region?

Which role has the mass-loss rate for the evolution?
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Goals

Mass loss close to the Eddington Limit:

WR-star wind models
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Gräfener et al. 2008

Winds of super massive stars

Fig. 3. The predicted terminal wind velocities versus Γe for models ap-
proaching the Eddington limit. Symbols are the same as in Fig.1.

models with Γe <∼ 0.4. Analogous to the results from the standard
Vink et al. (2000) recipe, Fig. 1 suggests that there exists an addi-
tional mass-loss dependence on mass, as for fixed Γe the higher
mass stars have larger mass-loss rates. This finding confirms that
mass-loss rates cannot solely be described by a dependence on
luminosity or Eddington factor. This will be discussed further in
Sect. 4.2.

When comparing columns (8) and (11) from Table 1, it can
be noted that our new high Γe mass-loss predictions tend to
be larger than those determined using the standard Vink et al.
(2000) recipe. In order to quantify these differences, we divide
the new mass-loss rates over those determined using the Vink
et al. (2000) recipe (using the derived terminal wind velocities
as input), and show the results in Fig. 2. For the range Γ e <∼0.7,
the differences are small. However, for values of Γ e exceeding
∼0.7, the new and the old results diverge sharply. The maximum
difference reaches a factor of five, which is similar in magnitude
as reported previously for LBVs (Vink & de Koter 2002) and
WR stars (Vink & de Koter 2005). We note that although these
prior results were based on global energy consistency with fixed
!∞/!esc, where the velocity stratification was adopted, the reason
for the differences revealed in Fig. 2 is that we probe a different
part of parameter space.

We now turn our attention to the wind velocity structure. We
first inspect the associated terminal wind velocity predictions.
Figure 3 shows the behaviour of terminal wind velocity versus
Γe. The highest values are reached for the highest mass stars
and exceed 5000 km/s. As expected: !∞ drops with Γe. In the
Γe range 0.4-0.95, the terminal wind velocity divided over the
escape velocity is of the order 3-4, which is similar to the values
for common O-type stars (Muijres et al. 2011b), where T eff is in
the range 30-40 kK, and the wind velocities are closer to 3000
km/s (see Sect. 4.4).

We next turn our attention to the other wind velocity struc-
ture parameter, β, which describes how rapidly the wind acceler-
ates. The predicted values of β are depicted in Fig. 4. β does not
show a significant dependence on stellar mass. For Γe up to 0.7, β
values are of order unity, in accordance with the dynamical con-
sistent models of Pauldrach et al. (1986), Müller & Vink (2008)
and Muijres et al. (2011b). However, when Γ e exceeds 0.7 and
approaches unity, β steadily rises to values of about 1.7. These
larger β values have been suggested to be more commensurate in
Wolf-Rayet stars (see e.g. Ignace et al. 2003) and it is reassuring

Fig. 4. The predicted wind velocity structure parameter β versus Γe for
models approaching the Eddington limit. Symbols are the same as in
Fig.1.

Fig. 5. The predicted mass-loss rates divided by M0.7 versus Γe for mod-
els approaching the Eddington limit. The dashed-dotted line represents
the best linear fit for the range 0.4 < Γe< 0.7. The dashed line represents
the higher 0.7 < Γe< 0.95 range. Symbols are the same as in Fig.1.

to find that our models naturally predict this transition, without
the use of any free parameter.

In all, our results suggest a natural extension from O-type
mass loss to more extreme WR behaviour for increasing Γe. An
upturn in the Ṁ behaviour is found at Γe ∼0.7. Inspection of our
models reveals a change from optically thin to optically thick
wind models at the position where we obtained the kink in the
mass-loss versus Γ relationship. Closer scrutiny of our model
output also revealed that here the character of the Fe line driving
changes in its nature. Whilst various ionization stages of Fe con-
tribute at all Γe models, we find that for the optically thin models
at the low Γe end, just one ionization state of Fe dominates the
relevant part of the wind driving domain (from just below the
sonic point to about half the terminal velocity). By contrast, for
the optically thick models at the high Γe end, two or more ion-
ization stages of Fe contribute to the primary driving regime.

Vink et al. 2011

Mass-loss dependency on Γe
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Spectral Analysis

Non-LTE code CMFGEN

time intensive

3D grid of models (clumped and unclumped):

temperatures (Teff)
mass-loss rates (Ṁ)
helium abundances (Y )

fixed parameters:

luminosity (L)
terminal velocity (v∞) and β
log g

≈ 2000 models
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Spectral Analysis: Luminosity

L?: match the observed SED with the model SED
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Spectral Analysis: Luminosity
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Spectral Analysis: Luminosity

Ks = 11.78
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Spectral Analysis

Fitting Non-LTE CMFGEN models to observations:

optical (VLT/FLAMES) and near-IR (VLT/SINFONI)

Teff (optical diagnostics)

Ṁ (near-IR and optical diagnostics)

He (near-IR and optical diagnostics)
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Spectral Analysis: mass-loss rate
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Spectral Analysis: Helium abundance

mass fraction of Helium: __ 25% __ 47.5% __ 70%
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Spectral Analysis: Temperature

effective temperature: __ 37.5kK __ 42kK __ 47kK
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⇒ may lead to wrong Y or/and Ṁ
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Upper mass limit of massive Stars

Crowther et al. 2010:

R136 contains several stars
with M? > 150M�

Bestenlehner et al. 2011:

VFTS 682 ∼150M�
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Results: Solitary Superstar VFTS 682
DM=18.49 mag
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Runaway?

Formed at its current
location?

Bestenlehner et al. 2011
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VFTS 542 (O2 If*/WN5) preliminary result
DM=18.49 mag
Mv  =  -6.53 mag
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HR-Diagram preliminary result
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Ṁv∞ − log L/L� preliminary result comparison
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Ṁ − Γe preliminary result
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Summary

Luminosity depends mainly on the near-IR photometry

Near-IR spectroscopy solves contradictions in the optical

Ṁ − Γe relation regarding to the theoretical predictions by
Gräfener et al. 2008 and Vink et al. 2011

Possible ”Kink” at the transition to Of/WN stars (Vink et al.
2011)

Results are preliminary
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