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Radiative force vs. gravity
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Stellar Luminosity vs. Mass

 

L ~ M 3.5
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Eddington Standard Model (n=3 Polytrope)
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Humphreys-Davidson Limit
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LBVs
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Mass loss and stellar evolution:
    Luminous Blue Variable (LBV) winds/eruptions

Ib/c

GRBs?

Possible fates:
LBV  WR  SNIbc
LBV  WR  GRB
BH
Pair Instability
Type IIn
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Line-Driven Stellar Winds

• For normal (sub-Eddington stars) wind is 
driven is by line scattering of light by 
electrons bound to metal ions

• This has some key differences from free 
electron scattering...

8



Driving by Line-Opacity

Γ thin ~QΓe ~ 1000Γe

Optically thin
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Driving by Line-Opacity
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CAK model of steady-state wind

inertia gravity CAK line-force
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How are such winds
affected by (rapid) 

stellar rotation?
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Gravity Darkening

increasing stellar rotation 

F(θ) ~ geff (θ)
M
•

~ F(θ)

higher at pole!
V∞ ~ g(θ)
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Smith et al. 2003

Wind is faster & denser 
over the poles!
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How are winds affected by a 
(large-scale)

 stellar magnetic field?
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MiMeS
Magnetism in Massive Stars

http://www.physics.queensu.ca/~wade/mimes/
MiMeS__Magnetism_in_Massive_Stars.html

P.I.:  Gregg A. Wade, Royal Military College
50+ Co-Is,  2008-2012, CFHT Allocation: 640 hours
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Rigid Field - Hydro Dynamics
for η★  >>1  
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Rigid Field - Hydro Dynamics
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EM +B-field
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Angular Momentum Loss &  Spindown
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Stellar spindown time

20
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1976
2004-8
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Line-driving intrinsically unstable at small-scales

Velocity 

log(Density) 

CAK
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Wave leakage through sonic point
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equilibrium
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Turbulence-
seeded clump 

collisions

Feldmeier et al. 
1997

Enhances Vdisp 
and thus X-ray 

emission
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Dessart & Owocki 2005

In 2D sims, RT instabilities break shells into clumps
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WR Star Emission Profile Variability
WR 140
Lepine & 

Moffat 1999
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3D
“patch”
model

Dessart & 
Owocki 

2002

patch size 
~3 deg

WR Star Emission Profile Variability
WR 140
Lepine & 

Moffat 1999
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HD64760 Monitored during
IUE “Mega” Campaign

Monitoring campaigns of P-Cygni 
lines formed in hot-star winds often 
show modulation at periods 
comparable to the stellar rotation 
period.

Discrete Absorption Components: 
evidence for large-scale wind structure

27



HD64760 Monitored during
IUE “Mega” Campaign

Monitoring campaigns of P-Cygni 
lines formed in hot-star winds often 
show modulation at periods 
comparable to the stellar rotation 
period.

 These may stem from large-scale 
surface structure that  induces spiral 
wind variation analogous to solar 
Corotating Interaction Regions. 

Radiation hydrodynamics
simulation of CIRs in a hot-star wind

Discrete Absorption Components: 
evidence for large-scale wind structure
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Radial pulsations in BW Vul
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Wind variations from base perturbations in density and brightness

log(Density)

Velocity

Radius

wind base
perturbed by
δρ/ρ ~ 50

radiative driving
modulated by

brightness variations

kinks”

velocity “plateaus”

shock
compression
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July 30, 2001 IAUC 185 17

Dynamic spectra

C IV
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July 30, 2001 IAUC 185 17

Dynamic spectra

C IV Model line
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Pistol Star  (Figer et al. 1999)

HD 168625
(Smith 2007)

SN1987A
(courtesy P. Challis) Eta Car

Sher 25
(Brandner et al. 1997)

Massive, Luminous stars:

Several M of circumstellar 
matter resulting from brief 
eruptions, expanding at 
about 50-600 km/s.

IRC+10420

P Cygni

VY CMa
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60 M

120 M
LBV

WR

WNH

Luminous Blue Variables 
& the Eddington limit
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Fe-bump can inflate envelope
Log Γ

Γ > 1

Γ < 1

Prad

Pgas
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Rout
Rin

=
1

1−W  
W  Rin

GM
ΔP
2ρmin

RinRout

1 / ρmin (Γ,Z )
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Envelope Inflation-Dissipation Cycle
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Envelope Inflation-Dissipation Cycle
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Envelope Inflation-Dissipation Cycle

Menv ~ 10-6 M*

35



Envelope Inflation-Dissipation Cycle

Menv ~ 10-6 M*

T ↓⇒κ ↑⇒ M
•

↑
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& the Eddington limit
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Eta Carinae
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Eta Car’s Extreme Properties
Present day:
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Eta Car’s Extreme Properties
Present day:

1840-60 Giant Eruption:
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Eta Car’s Extreme Properties
Present day:

1840-60 Giant Eruption:

=> Mass loss is energy or “photon-tiring” limited
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Stagnation of photon-tired outflow
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Photon Tiring & Flow Stagnation 
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Fluidized Bed
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Spiegel 2006
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Summary
• Massive star winds driven by line-scattering
• Strong Line-deshadowing instability

– small-scale clumping & embedded soft X-rays
• Large-scale structure from NRP or bright spots
• Rapid rotation => faster denser polar wind
• Eddington limit => LBV & Eruptions

• Wind magnetic channeling + rotation
– centrifugally supported magnetospheres

• Magnetic spindown over 1 Myr
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