Outflows from Massive Stars
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Introduction: UV evidence of massive stars outflows
SilV.1394,1403 B CIV]548,1551
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Morton D. C. 1967, ApJd, 147,1017
UV spectrograph (A>1200A, AA=3 A) onboard an Aerobee rocket.

Both £ Ori (O 9.5 Ib) and ¢ Ori (BO la) display absorption + emission of the SilV and CIV
doublets, with shifts of 1800 — 3800 km/s

Stars are spectroscopically normal: Outflows shall be common among hot supergiants



Introduction: massive star winds

Z = 0.020

....................................

Tracks from Meynet &
Maeder, paper X
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Residual Intensity

UV Spectral Morphology: O supergiants
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UV Spectral morphology:O supergiants
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massive stars winds: link to the early Universe

: . T . T T . T : : v
cB58 2=2.723, 3.5 A Resolution, 3600 s
Keck,/LRIS May 19986

20 -

Comparison of UV spectra
of NGC 4214, a local star-
forming galaxy and cB58
at z= 2.723

(Steidel et al., 1996)

£, (dy)

.‘

The UV spectrum of massive stars Is a key
tool In our Interpretation of the early Universe

E Wind dominated UV

' spectrum of a B
supergiant in M33
(Urbaneja et al., 2002)
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massive star winds: link to the early Universe

Abundances at High Redshift (z = 3)
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Normalized Flux

UV spectral morphology: metallicity effects

Galaxy LMC SMC
T T T [ T T T T ] 1 5 T T T [ T T T T ] 1 5 T T T [ T T T T ] 1
03V 03 III(f*) 03 III(f*)
e W

05V W
W
I AN T N A B A AN N T T A T N N M AN TN T A A N A B

9525 1550 1575 10525 1550 1575 10525 1550 1575
Wavelength (A)

05 V((f))

06.5 III (f)




Radiatively driven winds: origin of massive stars outflows

In the wind, photons are
absorbed and reemitted
by matter moving towards or
away from the observer

Final result:
*Blue absorption and red emission: P-Cygni profile

«AMin corresponds to the maximum wind velocity
*The emission peak is slightly red shifted




Radiatively driven winds: origin of massive stars outflows

*When photons are absorbed, both energy

and momentum are gained by atoms a0 |
*No impact in an isotropic radiation field . /
In a strongly directional radiation field, this 4 (.« 7 ¢
means a net force f o
*In the stellar atmosphere, matter is ] \ \
. ¢

accelerated outwards

SERRE

In the wind, photons are
absorbed and reemitted
by matter moving towards or
away from the observer

Final result:
*Blue absorption and red emission: P-Cygni profile
«AMin corresponds to the maximum wind velocity
*The emission peak is slightly red shifted




Radiatively driven winds: origin & importance of UV
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*\Winds are initiated by photon
absortion in spectral lines

In hot stars, radiative energy
concentrates in the UV

*High ionization stages of metals
have many spectral lines
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Radiatively driven winds: basic theory

A simple estimation of the acceleration in one line:
Tk Njk (]ka
Njx Ny mp |

L
= — B, (T,
9r — fLﬂ_ y( )

— \ g A
atomic line density of
absorption momentum absorbing
coefficient atoms

A more sophisticated calculation gives (Castor, Abbott & Klein, 1975, CAK theory):

L v dv/dr \©
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Radiatively driven winds:
The WLR, a strong test of the radiatively driven wind theory

WLR (Vink et al., 2000, 2001)
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Radiatively driven winds: derivation of v_

V(r)= V. (1.- bR/r)B
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Radiatively driven winds: derivation of M

Mass-loss rate from Hao
(also from UV, IR or radio)

3.00
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M= 30, 10, 5, 2.5, 0.01 x 106 Mg, /yr



How to calculate Ta
a model atmosphere 2

(according to
Adi Pauldrach)

Model Atmosphere Equations

hydradynanies

mass-loss

(radiatively driven winds)
» Mass conservation
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Massey et al., 2004, 2005 Mokiem et al., 2006, 2007

Effective Temperature (1000 K)

Parameters of massive blue stars:
A new Teff scale for O stars in the Magellanic Clouds
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Model atmospheres: effects of line-blanketing

* Why do we obtain lower temperatures when including sphericity, mass
loss and metal line opacities?

higher (lower) HD 15629 O5V

lonization | .

0 Helll
degree of key
lonization

Hell

stages at the line
formation depth
(Repolust, Puls,
Herrero, 2004)

on fractions (Hel,IlIll)
i

Solid: cooler, blanketed

Dashed: hotter, unblanketed
Dotted: cooler, unblanketed
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Model atmospheres: from UV to IR
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Nll - LC Q oD "* -. -ll" :
(CHO/LO):. S5 THe ElaAMERR ey OF

ll Observe massive OB stars in the MW and MC
B with FLAMES (R~ 25000) (some with FEROS)
j Main goals

-Test the WLR

-Test evolutionary models

-Test the Vrot — metallicity dep

Observations in:
NGC 3293 (99 B stars)
NGC 4755 (98 B)

8 NGC 6611 (13 O, 40 B)

{ NGC 2004 (1 WR, 4 O, 107 B)

LH 9/10 (44 O, 76 B)
NGC 330 (6 O, 109 B)
NGC 346 (19 O, 86 B)

ol Total 1 WR, 86 O, 615 B, 101 AFG &

s F



M ~c 7 0-83:0.16

kiem thesis. Mo clumping. Shaded areas are 1 sigma
et al.

Dotted lines: Vink et al., 2001, A&A 369, 574
Shaded: Mokiem et al., 2007 (submitted)
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Parameters of massive blue stars: Teff from UV
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Parameters of massive blue stars: Teff from UV
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RELATIVE FLUX

Parameters of massive blue stars: abundances
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Parameters of massive blue stars: abundances

Taresch et al., 1997
Z determination in
the SMC

P-Cygni (IUE)
(Najarro, 2001)

Blue: iron blanketing

Red: + Ni, Co
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Winds of massive stars: open guestions- clumping

*Discrepancies with predicted WLR (Herrero et al.,
DISCORDANT MASS.LOSS 2002; Repolust et al., 2004; Massey et al., 2005)

T B P v abundances in the O stars (Crowther et al.,
[t as IR 2002; Hillier et al. 2003; Massa et al., 2003, 2004,
orL, 'i*f # ] *Wind ionization fractions for B-supergiants by
s | o ] Prinja et al., 2005
El: : egend E *Radio observations
i 1 L
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log M q(P*)
UV lines o« p , ,
; < P> #£#< > 1
Hal, radio o p? P P
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<pt > ]
Ja= 5 21
<p> o6 | ]
M%), = V) Mi(n? 45 50 55 60
(%) = (1) M(p7), 10g(L/L gyn)

i Puls et al., 2006 Dotted lines: Vink et al., 2001, A&A 369, 574
" f~1-10. with radial dependence Shaded: Mokiem et al., 2007 (submitted)
Ho mass-loss lower by 1 — 3




Winds of massive stars: open guestions- X-rays
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Winds of massive stars: open guestions

The WLR of mid B supergiants

I I I I I I
—-- A Blanketed Galactic B-type stars (Urbaneja 2004)

30— —— @ SMC B-type stars (Trundle et al. 2004,2005) i —

Unblanketed Galactic B—type stars (Kudritzki et al. 1999)
Theoretical predictions (Vink et al. 2000)

29—

1log(Dyo)

28 [~

27—

5.0 5.2 54 5.6 5.8 6.0
log(L,/Le)
Trundle et al., 2005 *DACs

*Rotation ?
Magnetic fields?



Winds of massive stars: open questions- thin winds

e Herrero, Puls, Najarro (2002) obtain a very low value for the mass-loss rate of
10 Lac (09.5V)

o Bouret et al. (2003) and Martins et al. (2004) show that this is more general
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Solid circles: Bouret et al. objects in NGC 346  Blue stars: Martins et al. objects in N81

See also poster by M. Garcia et al.



Conclusions

Present model atmospheres for blue massive stars are able
to reproduce the observations

Open guestions are probably linked to our understanding
of the UV radiation

The UV plays a central role in such models and offers a
large number of possibilities for the study of these stars in
the Milky Way and nearby galaxies

Massive stars offer a key tool for research in Astrophysics,
particularly if we understand them at all metallicities



Parameters of massive blue stars:
A new Teff scale for O stars in the MW
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