


The winds are the site and energy source of the X‐rays 



HD 93129A (O2If*) 

The Carina Complex  



Chandra Carina 
Complex Project 
(Townsley) 











Self‐excited instability  Excited by turbulence imposed at the wind base 





Emission lines should be Doppler 
broadened 



Bound‐free absorption in the other 
~99% of the wind 



ζ Pup – as prototypical (and nearby at ~400 pc) – 
O star X‐ray source 





Ne X  Ne IX  Fe XVII 



Ne X  Ne IX  Fe XVII 

~2000 km/s ~ vinf 



Vinf 



Vinf 

Kinematics conclusions: consistent with X‐rays 
arising in the stellar wind 



Vinf 

What about the distinctive profile shape?  
blue shift 
asymmetry 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Chandra HETGS 

Opacity from partially ionized metals 



Fe XVII

Fe XVII 



Fe XVII

Fe XVII  τ* = 2.0 





Results from the 3 line fits shown previously 







τ*(λ) trend consistent with κ(λ) 




CNO processed


Solar


τ*(λ) trend consistent with κ(λ) 




τ*(λ) trend consistent with κ(λ) 


M becomes the free parameter of 
the fit to the τ*(λ) trend 



τ*(λ) trend consistent with κ(λ) 


M becomes the free parameter of 
the fit to the τ*(λ) trend 



Traditional mass‐loss rate:  
8.3 X 10‐6 Msun/yr 
From Hα, ignoring clumping 

Our best fit:  
3.5 X 10‐6 Msun/yr 



Fe XVII Traditional mass‐loss rate:  
8.3 X 10‐6 Msun/yr 

Our best fit:  
3.5 X 10‐6 Msun/yr 









The embedded wind shock (EWS) mechanism should 
occur in all O stars 

But other mechanisms can 
dominate, especially in 
young clusters/SFRs 

Like colliding wind 
shocks (CWS) in η Car 



Corcoran et al. 2005 

η Car RXTE X‐ray light curve 



Parkin et al. 2011 

Hydrodynamics simulations of 
the colliding wind shock 
mechanism explain much of 
the observed X‐ray properties 

•  hard emission (~5 keV) 
•  Lx ~ 1035 erg/s 
•  orbital modulation of X‐rays 



HD 93129A (O2If*) 
is the 2nd brightest 
X‐ray source in Tr 14 



From H‐alpha, assuming a 
smooth wind 



There is an O3.5 companion with a 
separation of ~100 AU 

Non‐thermal radio measurements 
indicate wind‐wind interactions 

But the vast majority of the X‐rays come 
from embedded wind shocks in the O2If* 

primary 



kT = 0.6 keV *wind_abs*ism 
add 5% kT = 2.0 keV*ism 

Typical of O stars like ζ Pup 

small contribution from 
colliding wind shocks 

Chandra ACIS (low‐res, CCD) spectrum of HD 93129A 



Mg XII  Mg XI Si XIII Si XIV 
ζ Pup


HD 93129A 



H‐like vs. He‐like 

Mg XII  Mg XI Si XIII Si XIV 

HD 93129A 



HD 93129A 





Ro = 1.8 R* 
τ* = 1.4 M‐dot ~ 8 x 10‐6 Msun/yr 



Ro = 1.8 R* 
τ* = 1.4 M‐dot ~ 8 x 10‐6 Msun/yr 



kT = 0.6 keV *wind_abs*ism 
add 5% kT = 2.0 keV*ism 



kT = 0.6 keV *wind_abs*ism 
add 5% kT = 2.0 keV*ism 

Typical of O stars like ζ Pup 

τ*/κ = 0.03 (corresp. ~ 8 x 10‐6 Msun/yr) 

small contribution from 
colliding wind shocks 











ζ Pup


θ1 Ori C 



ζ Pup


θ1 Ori C 

Si XIII 





Zeeman magnetic field measurements 

R. Townsend 









MHD simulation of θ1 Ori C reproduces the 
observed differential emission measure 
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g.s. 1s2 1S 

1s2s 3S 
1s2p 3P 

1s2p 1P 

resonance (r) 

intercombination (i) 
forbidden (f) 

10-20 eV 

1-2 keV 



1s2s 3S 

1s2p 3P 
1s2p 1P 

resonance (r) 

intercombination (i) 
forbidden (f) 

g.s. 1s2 1S 

UV 



1s2s 3S 

1s2p 3P 
1s2p 1P 

resonance (r) 

intercombination (i) 
forbidden (f) 

g.s. 1s2 1S 

UV 



Rfir=1.2 R* 

Rfir=4.0 R* 

Rfir=2.1 R* 



Conclusions 

•   Shock processes in O star winds convert kinetic 
energy to heat and X‐rays 

•   Three different mechanisms can operate 

•   Harder and stronger emission from CWS and MCWS 

•   But significant and sometimes moderately hard X‐ray 
emission from EWS too 

•   Wind absorption effects are significant and can be used 
as a clumping‐independent mass‐loss rate diagnostic: 
mass lass rates are lower (factors of 3 to 5) than 
previously thought 


