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L, up to ~1034 ergs s’

X-ray temperatures:
few up to 10+ keV (10s to
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Orion; Chandra (Feigelson et al. 2002)




1. Young OB stars produce strong hard X-rays in
their magnetically channeled winds

2. After ~1 Myr X-ray emission Is weaker and
softer: embedded wind shocks in early O
supergiants

3. X-ray line profiles provide evidence of low
mass-loss rates
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Chandra ~10° seconds, sub-arcsec resolution
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Color coding| of x-ray energy: 1keV < E < 2.5keV,




Brightest X-ray sources are OB stars

L

oL Ori C (07 V)
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0" Ori C: hotter plasma, narrower emission lines
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C Pup (O4 |): cooler plasma, broad emission lines




ratio Is temperature sensitive
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The young O star— 6" Ori C — is hotter
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Sample hot-star DEMs

HD [20826TA-08.5V(({)): T CMa:081L; « Ori:08I
¢ Ori'A:08.51% ¢ Ori A:09.71b
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01 Ori C:

peak near 30 million K

evolved O stars, peak

at a few million K
T Sco:BOZY

107 108
Temperature (K)
Wojdowski & Schulz (2005)




Dipole magnetic field
(> 1 kG) measured on
0! Ori C

o3
FHABE {F=15.422 d)

Wade et al. (2006)

Magnetic field obliquity,
B~ 45°




temperature emission measure

simulations by A. ud-Doula; Gagne et al. (2005)

Channeled collision is close to head-on —
at 1000+ kms': T =107+ K




Emission measure

contour encloses T > 108 K




contour encloses T > 108 K




Sample hot-star DEMs

| HD[206267A:06.5V(()): T CMa:0BIL; 1 Ori:09l |
é :08.511; ¢ Ori A:08.7b
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A 100k
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Temperature (K)

~ 40 1= 1470 km s, t=375 ks
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MHD simulation of 81 Ori C
reproduces the observed
differential emission measure
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Young O stars have only
modestly broad

(few 100 km s7) X-ray
emission lines

But mature O stars have
broad (> 1000 km s,
asymmetric emission
lines
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Radiation line driving is inherently unstable:

shock-heating and X-ray emission
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continuum; absorption in the bulk wind preferentially absorbs red
shifted photons from the far side ofi the wind




key parameters: R, & 7-

j~ p?forrR.>R,,

= 0 otherwise




¢ Pup: Fe XVII line at 15.014 A - Chandra
0121
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Onset of instability-induced shock structure: R, ~ 1.5

1.5 R. = height of 0.5 R.
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for t.= 2

O K-shell
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Waldron et al. (1998)

1.5 X 106 M, /yr

A factor of 4 reduction in mass-loss rate over the
literature value of 6 X 10° M,./yr




 literature best-fit: low
- mass-loss mass-loss rate
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best-fit model, with , IS preferred over the
model with >99.999% confidence




The porosity associated with a distribution of optically thick
clumps acts to reduce the effective opacity of the wind

Owocki & Cohen (2006)

The key parameter is the porosity length,
h = (L3/92) = UIf




[@ montage-star.mov

h = (L3/42) =
/I
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The optical depth integral is modified according to the
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The Chandra line profiles in € Pup can be fit by a
porous model...
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Two models from previous slide, but
with perfect resolution

r.=8: h_=3.3 |
7.=2; h,=0.0

/

relative flux




Joint constraints on 7. and h,




There is NO evidence from X-ray line
profiles for significant wind porosity.

However, the profiles indicate reduced
mass-loss rates, which imply significant
small-scale clumping (f~ 0.1)




The required degree of porosity Is not expected
from the line-driven instability.

The clumping in 2-D simulations (below) is on quite
sSmall scales.
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Dessart & Owocki 2003, A&A, 406, L1




Dessart & Owocki 2003, A&A, 406, L1




Many young (< 1Myr) O stars produce strong and hard
X-ray emission in their magnetically channeled winds

As they age, softer and weaker X-ray emission is
produced via embedded wind shocks in a spherically
expanding wind

The X-rays themselves provide information about
the wind conditions of O stars, including more
evidence for reduced mass-loss rates




Chandra Images - evolution of X-ray hardness

MA7: NGC 6611: \

courtesy Marc Gagné




