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Key differences between hot vs. cool 
star winds and magnetospheres 

• hot stars have cool winds, T~Teff; no hot coronae
– driven by radiation not gas pressure
– become supersonic near surface R*

– closed loops not hydrostatic, 
– supersonic upflow leads to shocks near loop apex

• some hot stars have rapid rotation
– lead to centrifugally supported magnetospheres

• field is large-scale, and stable
– fossil, not from dynamo activity cycle
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Ṁ v1

RA / ⌘1/4?



Magnetic 
confinement

log Density

� =
B2/8⇥

⇤v2/2

�(RA) ⌘ 1

Alfven radius

ud Doula+ 2008

2D MHD, η★=100, no rotation

⌘? ⌘ B2
? R

2
?
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Radial Distribution of Equatorial Mass
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Spindown Time
Results from MHD sims for dipole field (n=2)

Magnetic confinement parameter =>
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Spindown age

30

P = Poe
t /τ spin Po ≈ f Pc

τ age = 2.3 (LogPday − LogPo,day ) τ spin

Pc = 0.21 d R R
M ⇒ Po ~ day

e.g. HD191612, with Po = 0.5 to 1 day:

τ age ≈ 6.3→ 6.9 τ spin ≈ 2.5→ 2.9 Myr
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n=1  monopole
  =2   dipole
  =3   quadrupole
... etc.

=> Spindown weaker for more complex fields?

If so, hard to explain tau Sco by spindown??

Need 3D MHD sims to test this!
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Lx vs. Mdot 
 observations vs. XADM theory

Naze + 2014



Magnetic trapping 
reduces 

net mass loss  

MNRAS 466, 1051
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T0=
Equipartition 
temperature
where 
Pmag = Pgas

macroturbulent speed inferred from observed line broadening

NGC 1624-2    B=20 kG!
Sundqvist+ 2013

Magnetic inhibition of macroturbulence

Iron opacity bump

~Teff
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Summary

•  Traps wind into magnetosphere
– alt channel for high-mass b.h. detected by GW?
– Centrifugally supported vs. Dynamically suspended
– MHD vs. RFHD vs. RRM models
– explains Hα  emission vs. rot. phase 
– X-rays from MCWS

• Wind-magnetic rotational braking
– Spindown of stellar rotation
– Can be directly measured by photometry 

• B-field can inhibit macroturbulence 

Magnetic field + hot-star wind:
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