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X-rays from Magnetic Massive Stars

motivated by the MiMeS Delawareland meeting and preparation of the ipod paper



1. X-ray luminosity: over-luminous? 
2. Harder X-rays: hotter plasma from MCWS?
3. Emission lines: narrower due to confinement?
4.  Variability: rotational modulation plus stochastic?

are magnetic O stars distinct from magnetic B stars?

X-ray Properties: are magnetic stars distinguished 
from non-magnetic stars?



All magnetic O stars are overluminous 
(compared to the Lx ~ 10-7 Lbol relationship seen in normal O stars)

1. X-ray Luminosity

Nazé et al., 2007, MNRAS, 375,145

Can we put the 
other ~5 magnetic O 

stars on this plot? 



1. X-ray Luminosity

Petit et al., 2009, ASPC, 405, 547

Some B stars are overluminous 
(but the behavior of “normal” B stars’ Lx/Lbol is complex; 

steeply declining from 10-7 with decreasing Teff)



Some B stars are overluminous 
(but the behavior of “normal” B stars’ Lx/Lbol is complex; 

steeply declining from 10-7 with decreasing Teff)

1. X-ray Luminosity

Cohen, Cassinelli, & MacFarlane, 1997, ApJ, 487, 867

What Lx or Lx/Lbol is 
required for a B star to 

be considered 
overluminous in X-rays?



Cohen, Cassinelli, & MacFarlane, 1997, ApJ, 487, 867

τ Sco
θ Car

ξ1 CManote: magnetic; could have been predicted 
from X-rays. What’s up with θ Car?

Is this star more likely than the 
others to turn out to be magnetic? 
(Not likely, as it’s a Be star, μCen.)



Some B stars are overluminous 
(but the behavior of “normal” B stars’ Lx/Lbol is complex; 

steeply declining from 10-7 with decreasing Teff)

1. X-ray Luminosity

Oskinova et al., 2011, MNRAS, 416, 1456



Some B stars are overluminous 
(but the behavior of “normal” B stars’ Lx/Lbol is complex; 

steeply declining from 10-7 with decreasing Teff)

1. X-ray Luminosity

Oskinova et al., 2011, MNRAS, 416, 1456

see these values 
plotted on the 

next slide



Cohen, Cassinelli, & MacFarlane, 1997, ApJ, 487, 867

τ Sco
θ Car

ξ1 CMa

β Cep

V2052 Oph

ζ Cas

NU Ori
V1046 Ori

HR 3089

σ Ori E

LP Ori

HR 5907

data from ipod paper? 

diverse behavior



What do we know about the Lx and Lx/Lbol values 
of the confirmed magnetic OB stars? 

1. X-ray Luminosity

Maybe only the O stars are consistently over-
luminous in X-rays



naive MCWS expectation is for stronger shocks, 
higher temperatures, and hard X-rays

1I. X-ray Hardness & Plasma Temperature

θ1 Ori C: prototype magnetic O star

temperature emission measure

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

hotter than seen in EWS
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Mg XII

Mg XI

θ1 Ori C: hotter plasma than prototypical EWS source

Mg XII / Mg XI is proportional to temperature



other magnetic O stars (Of?p stars) have softer 
spectra, but still harder than EWS sources

Nazé et al., 2007, MNRAS, 375, 145



and a small but measurable amount of high-temperature plasma 

Nazé et al., 2007, MNRAS, 375, 145

lines from plasma with
T > 107 K



Some hotter plasma in HD 191612, but it 
dominates in θ1 Ori C

1I. X-ray Hardness & Plasma Temperature

HD 191612: few million K θ1 Ori C: 40 million K

Nazé et al., 2007, MNRAS, 375, 145

Zhekov & Palla, 2007, MNRAS, 375, 145

plasma with
T ~ 20 million K



plasma temperature distributions of selected OB stars

Wojdowski & Schulz, 2005, ApJ, 627, 953

even τ Sco’s 
magnetospheric 

plasma is not nearly 
as hot as θ1 Ori C’s



Oskinova et al., 2011, MNRAS, 416, 1456

some magnetic B stars have low plasma temperatures 
though there may be some hotter plasma present



current status: rather diverse behavior among 
magnetic massive stars; but some degree of 

enhanced hot plasma in many objects.

1I. X-ray Hardness & Plasma Temperature

hypothesis: weaker winds have weaker shocks, 
perhaps related to cooling lengths



θ1 Ori C shows narrow lines compared to ζ Pup

III. X-ray emission line widths and 
plasma kinematics
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θ1 Ori C shows narrow lines, at least for those 
lines formed in the hotter (> 107K) plasma

III. X-ray emission line widths and 
plasma kinematics

Gagné et al., 2005, ApJ, 628, 1005

closer to widths 
seen in e.g. ζ Pup

but those lines are weak 
in the Chandra spectrum, 
due to ISM attenuation



HD 148937 (Of?p) Chandra + XMM grating spectroscopy

III. X-ray emission line widths and 
plasma kinematics

Nazé, Zhekov, & Walborn, 2012, ApJ, 746, 142
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XMM: broader lines from 
cooler plasma

Chandra: narrower lines 
from hotter plasma

ζ Pup level



III. X-ray emission line widths and 
plasma kinematics

Cohen et al., 2003, ApJ, 586, 495

EWS

magnetic

late-type



B (and even late O main sequence) stars may generally 
show narrow lines, independent of magnetism, so beware.

III. X-ray emission line widths and 
plasma kinematics

Cohen et al., 2008, MNRAS, 386, 1885

β Cru (B0.5 III)
no field down to very low limit

line narrower 
than τ Sco, 

even



Grating spectroscopy is expensive, and current data quality 
is sparse and poor; this will not be a mode of discovery. 
But detailed study of a few stars may prove fruitful. The 

current challenge is for models and simulations to 
reproduce even the meager observations. 

III. X-ray emission line widths and 
plasma kinematics

The focus should probably be on O stars, given the overall 
narrowness of X-ray lines in most/all B stars. 

HWHM ~ few 100 km/s for lines coming from T > 107 K 
plasma; some contamination by EWS broad-line emission 

must be accounted for. 



Rotational modulation may be expected, stochastic 
variability could also be present

IV. X-ray Variability



θ1 Ori C: rotationally modulated X-ray emission

IV. X-ray Variability
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data imply just few tenths R★
2-D model has X-rays form a little farther out



IV. X-ray Variability
τ Sco: variability at the 99.99% level 

is it short-term or is there an underlying 
few-10 ks trend? 



If there are fewer sites of emission in the MCWS 
scenario, compared to EWS, then we might expect 
more X-ray variability from the former.  Perhaps on 

post-shock cooling timescales. 

IV. X-ray Variability



Summary and Future Prospects

Low-resolution (CCD) spectroscopy is the only X-ray discovery mode of new magnetic 
stars for the foreseeable future. High Lx/Lbol, especially for O stars, may be a good 
indicator. Hardness may be too, but high S/N might be required to identify small amount 
of harder emission from magnetic processes. X-ray variability may also be a partial 
indicator of magnetic fields, but the level of variability seems rather low. 

Detailed study at high resolution will be possible using archival X-ray grating data and 
also potentially newly aquired spectra from ASTRO-H. But only of the handful of X-ray 
bright magnetic OB stars in the sky (and Chandra and XMM archives). 

On the next slide is the correlated ROSAT catalog of pointed 
observations and OB stars in the Bright Star Catalog, ranked by 

ROSAT count rate. This is a good reflection of X-ray flux and thus 
which sources have the potential to provide useful X-ray datasets. 

There are not many magnetic stars on the list. 



HD 150136

HD 59635

V1036 Sco

prospects 
for high S/N 

X-ray 
spectroscopy

ROSAT/
Bright Star 
Cat. sorted 
by X-ray 

count rate


