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* 120 Msun ZAMS, O star with the strongest wind!?

* The X-ray spectrum is hard because of wind absorption

* The broadband X-ray spectrum confirms low temperature
plasma and wind absorption

» X-ray line profiles from embedded wind shocks

* profiles, broadband: two mass-loss rate measurements
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Fig. 13. Observed Ha profile (solid) compared with the calculation
assuming a mass loss of 18x107® My /yr (dashed). Note that the blue
narrow emission peak originates from the H II-region emission.
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Fig. 13. Observed Ha profile (solid) compared with the calculation
assuming a mass loss of 18 x 10™® M /yr (dashed). Note that the blue
narrow emission peak originates from the H II-region emission.
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* What is the role of binarity in the X-ray emission!?
* What is the role of wind attenuation of the X-rays?
* What is the actual mass=loss rate of HD93|29A?

* How does the embedded wind shock (EVVS)
mechanism operate in such a powerful wind!?






Chandra ACIS spectra of A & B

:\
I
>

5
i
T
N
N
—
=
=
O
)
N
)
—
<
a7
—
=
=
®,
O

I_th—




H-like vs.

Si XIvi Mg Xi
HD 93129A (02 If%)
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6! Ori C (O7V)

magnetically channeled wind: strong shocks,
high temperatures, hard X-rays
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H-like vs.

Si XIvi Mg Xi
HD 93129A (02 If%)
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— (O star solar abundance model
— = tbabs neutral ISM




— (O star solar abundance model
— = tbabs neutral ISM




abundance effects
CNO processed
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abundance effects do not matter much in the Chandra bandpass

CNO processed
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e~ " (wabs/tbabs)
— windtabs
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— Wwindtabs, . =0.03gcm—?
' tbabs, = = 0.03g cm ™2
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— Windtabs, =, =0.03gcm 2
' tbabs, = = 0.03g cm ™2

but not as extremely as e’
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resolving power R ~ 30
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thermal spectral
model with wind
and ISM absorption

»
7
St
=
-
o
Q.
S’
L
—
<
a4
e
-
-
o
O

| | | | I | | | | l | | | | I | | | | I |

0.01

0.00 AWNMWMVOW“‘-: 000 o oL g o o o

—-0.01

2 3 4
Energy (keV)




The Spectral Model

(apec*windtabs + apec)*tbabs

A

A

wind attenuation

A

|

ISM attenuation

thermal emission (bremsstrahlung + emission lines)



kT = 0.6 keV (7 million K)
94 % of the emission measure

>+ =0.052 g cm?

kT2 = 3.3 keV (35 million K)
6 % of the emission measure

N (ISM) = 4.1 X 102! cm?2
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kT =0.6 keV (7 million K)
94 % of the emission measure

>+ =0.052 g cm?

kT, = 3.3 keV (35 million K)
6 % of the emission measure

N (ISM) = 4.1 X 102! cm?2
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same model,
no wind attenuation
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2+ =0.052 g cm

where this mass column parameter

2k = M/‘I‘Tl' RV oo

this fitted value corresponds to:

M =52 X 10 Meunlyr



What do the individual X-ray emission line profiles tell us
about the mass-loss rate?

...and about the wind-shock origin of the X-ray emission!?



Line Asymmetry




Line Asymmetry
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Wind Profile Model

Increasing 7.
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C Pup for comparison
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M — 2 X IO-S Msun/yr // "/
from unclumped Ha
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C Pup for comparison
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Two independent X-ray absorption mass-loss rate
diagnostics give consistent results:

:line profiles
:broadband

Factor of 3 or 4 reduction with respect to traditional
(unclumped) HX diagnostics
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Vshock ~ 300 km/s: T ~10° K
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Shocked wind plasma is decelerated back down to the local CAK wind velocity




Lower mass-loss rate: consistent with Hx?



Lower mass-loss rate: consistent with HX?

Yes! With clump volume filling factor of f = 0.08



clumping f = 0.08,
onset at Rq = |.05 R
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* What is the role of binarity in the X-ray emission!?
* What is the role of wind attenuation of the X-rays?
* What is the actual mass=loss rate of HD93|29A?

* How does the embedded wind shock (EVVS)
mechanism operate in such a powerful wind!?



*Embedded Wind Shocks (EVVS) dominate X-ray
emission

*VWind attenuation is very important

*Mass-loss rate is reduced by factor of 3 to 4

*Shock onset radius is consistent with LDI
simulations...but clumping onset is closer to the

photosphere



Extra Slides



- -
o (-
w w
[Tp) gl
u )
< <
od o4
[h ar
- -
=} (=]
= =
= =
o 8
2, =

-1000 -500 ] 500 1000 -1000 -500 0] 500 1000
radial velocity { km/s ) radial velocity ( km/s )
0.014 0.020

ooz
0.010

0.008
0.006

0.004 0.005
8886 0.000

4670 4680 46380 4700 4840 4850 4860 4870 4880
1.20 1.4

1.15 1.3
1.10 1.2
1.05 1.1

1.00
0.95 e
4670 4680 4690 4700 4840 4850 4860 4870 4880
wavelength ( A ) wovelength ( A )

dispersion
dispersion

mean profile




A

ft(R ZR*) .
' p;orf‘t(R> OR*)~

sl
s
—
c
-
Q
Q
SN
D
—
5™
a's
—
a
-
o
O

Wavelenoth (A)




Incidentally, you can fit the Chandra line profiles with a
porous model

A

But, the fit
requires a
porosity length of

5 R.!
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