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Introduction

Wolf Rayet Stars (WR)

• evolved massive stars
→ initial masses > 20M�

• dense and fast stellar
winds (up to ≈ 5000 km/s)

• strong mass loss
(10−5M�/yr =̂ 109Ṁ�)

• spectra with strong broad
emission lines

• helium and nitrogen
⇒ WN sequence

• carbon and helium
⇒ WC sequence

WR 6 – Credit: J. Toala et al. (2012)

R. Hainich The metallicity dependence of WR winds 2 / 13



Sample

WR populations: the effect of the metallicity
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WR populations:
• properties change depending

on the environment
• WC/WN ratio
• sub-type distribution
• spectral characteristic
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Sample

Andromeda Galaxy Large Magellanic Cloud Small Magellanic Cloud
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Palomar STScI DSS Magellanic Cloud Emission-Line Survey
(Smith et al. 2005)

Magellanic Cloud Emission-Line Survey
(Smith et al. 2005)

• Z ≈ Z�
• 92 WN stars known
• WNL stars analyzed
• analysis of the

WNE is under way

• Z ≈ 1/2 Z�
• nearly complete WN

population
• single stars analyzed
• analysis of the

binaries is under way

• Z ≈ 1/4− 1/7 Z�
• complete WN

population
• 7 single WN stars
• 4 binary systems

Sander et al. (2013);
Hainich et al. (in prep.)

Hainich et al. (2014);
Shenar et al. (in prep.)

Hainich et al. (2015);
Shenar et al. (2016)
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Analysis

PoWR

Potsdam Wolf-Rayet model code for expanding stellar atmospheres

• non-LTE population numbers
• radiative transfer in co-moving frame
• complex model atoms

(H, He, C, N, O, Ne, Mg, Al, Si, P, S, Ar, ...)
• self-consistent treatment of the

quasi-hydrostatic regime
• iron-line blanketing (super-level approach)
• wind inhomogeneities (micro-clumping) PoWR
• usable for any hot star (WR, O, B, LBV, CSPN, ...)

PoWR models: www.astro.physik.uni-potsdam.de/PoWR
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Analysis

WN stars: Spectral characteristics at different Z
Milky Way

WR 18

log Ṁ = −4.8 T∗ = 100 kK log L/L⊙ = 5.3Z ≈ Z⊙
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Spectral analysis
For each individual star find one model atmosphere which:

• reproduces the whole line spectrum & spectral energy distribution

⇒ comprehensive set of stellar parameters – T∗, L, Ṁ, v∞, ...
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Analysis

WN stars: Spectral characteristics at different Z
Large Magellanic Cloud

BAT99 82

log Ṁ = −5.2 T∗ = 100 kK log L/L⊙ = 5.5Z ≈ 0.5 Z⊙
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Analysis

WN stars: Spectral characteristics at different Z
Small Magellanic Cloud

SMC AB 12

log Ṁ = −5.8 T∗ = 112 kK log L/L⊙ = 5.9Z ≈ 1/4 − 1/7 Z⊙
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Wind mass-loss

Wind momentum luminosity relation
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MW: Hamann et al. (2006), Martins et al. (2008),
Liermann et al. (2010), Oskinova et al. (2013)

Modified wind momentum:
• Dmom = Ṁv∞R1/2

∗

• Ṁ ∝ Zα ⇒ Dmom ∝ Zα

Wind-momentum luminosity
relations: Dmom = D0 · Lm

• LMC: Dmom = 23.4 · L1.0

• SMC: Dmom = 22.9 · L1.0

⇒ α = log D0+m log(L/L�)
log Z + C

• evaluate at: log(L/L�) = 5.9

• or assume: Dmom ∝ L1.0
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∗
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Wind mass-loss

Ṁ-Z relation for WN stars

Dmom ∝ Z1.2± 0.1
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Mass-loss rate
metallicity relation:

Ṁ ∝ Zα

α = 1.2± 0.1
Hainich et al. (2015)

Low Z environments:
• less angular momentum loss
• higher SN progenitor masses
⇒ larger black holes
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Wind mass-loss

Galactic metallicity gradient
Gradient of the XFe abundance:

Hayden+ (2015)

Cunha+ (2007), Najarro+ (2009), Ryde+ (2015)
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Wind mass-loss
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Wind mass-loss

Ṁ-XFe relation
Wind momentum luminosity relations: Ṁ-XFe relation:
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Wind mass-loss

M 31: Preliminary results
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Andromeda Galaxy:
• very luminous WN stars are

missing in M 31
• 〈Dmom〉 lower than in the MW

• H ii regions: super-solar XO

• XO/XO,� ≈ 1 . . . 2
(Sanders+ 2012, Zurita+ 2012)

• XFe/XFe,� ≈ 1
(Venn+ 2000, Chen+ 2016)

Spectral analysis reveals characteristic differences
between the WN populations in M 31 and the MW
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Conclusions

Summary:

Sample
• WN populations in M 31, SMC, & LMC analyzed

• all together more than 200 objects

Metallicity dependence of the WN winds
• stronger dependence on metallicity and iron abundance than expected:

• Ṁ ∝ Z 1.2 & Ṁ ∝ X 1.5
Fe

• implications: less angular momentum loss and potentially higher BH
masses at low metallicities

Outlook
• corroboration by atmosphere models that account for hydrodynamics
→ talk by Andreas Sander
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