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starting point is Chandra, XMM-NewtonOs
high spectral resolution observations of
stars

*but*
results limited to brightest stars
(bright=unusual?)

Key Questions

1. How rapidly do stars lose mass and angular
momentum, and how do environment and
mass loss feed back on each other?

2. How do magnetic Pelds shape stellar
exteriors and the surrounding
environment?



Why it matters: mass loss from massive stars
Starburst reglons are shaped by feedback frdm massrve
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1. How r'apidly do stars lose mass and angular
momentum, and how dpo environment and mass loss feed
back om each other?

measurements of mass loss via different
methods differ by up to a factor of 10
(changes evolution of the stars) W AT IR, ke,
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-UV resonance lines -> uncertainties in
lonization balance

+X-ray emission probes wind opacity, He-

like f/i ratios locate X-ray-emitting shocks schematic clumpy wind; Feldmeier et
~al. (2003)
However, large-scale ¢lumps in stellar wind cz re°du‘cQ optical depth of
- . A . .

wind to X-rays s N R B 4
= degeneracy.between amount.of.clumping. &“massfloss rate » . “ -
Smoothness/clumpiness.of winds may introduce f?acto_r of 5oemore " 4t
uncgertainty to ! : P > N

need high SNR spectral line probles to break degenera%y: currently

only a handful of stars are bright enough for such observations with g%
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1. How rapidly do stars lose mass and angular
momentum, and how do environment and mass loss feed
back on each other’P
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O will expand the results of
1andra, XMM-Newton high
olution sPectréscopy of massive
ars o a«[arger sample:

Survey mass loss in dlfferent
Galacﬁ?envwonments

+ F‘xplore X-ray psoductlon o
mechanism inOB stars s.°

.+ Use colliding-wind bmarles as

+ -shock pm/sms Iaboraterles

residuals detected in 50 ks*1XO XMS observation |
afe due to, clumps in stellar wind; can do thjs >

analysis for ~36 stars ' - V
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Why it matters: magnetic fields and stellar exteriors

Magnetic shaping of stellar outer atmospheres
affects X-rayemission in a dynamic manner




Why it matters: magnetic fields and stellar exteriors

Magnetic shaping of stellar outer atmospheres
affects X-rayemission in a dynamic manner

magnetlc reconnectlon macroBares determine
* kinetic energy input into corona, connection to
L coronal heating via microf3ares

* coronal structures accessible through T, EM,

1 density, abundances, length scale diagnostics
-for fast rotators & binaries, diagnose discrete
large-scale closed magnetic loops via Doppler
mapping
-determine how structures change with magnetic
plling factor, down to solar minimum
luminosities (L x=2e26)

g """‘" Iength scale diagnostics available:
'é..~_’~, [3are loop modelling
3  ne(T) + VEM(T)
~ | resonance scattering measurements
| D W ,( . 6. 4 keV Buorescence line
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Why it matters: magnetic fields and stellar exteriors

Magnetic shaplng of stellar outer atmospheres
lon In a dynamic manner

embedded young star (Lx 103! erg/s Nt ne and/or wavelength

at 450 pc) seen'in COUP data . AR &
Pe) - | : glosses&pvemmportant physics
COUP 554 4 ﬂ
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magnetlc reconnectlon macroBareS determine
kinetic energy input into corona, connection to
coronal heating via microf3ares

‘coronal structures accessible through T, EM,

g e T — . density, abundances, length scale diagnostics

-for fast rotators & binaries, diagnose discrete
large-scale closed magnetic loops via Doppler
mapping

-determine how structures change with magnetic
plling factor, down to solar minimum

luminosities (L x=2e26)
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length scale diagnostics available:
[3are loop modelling
Ne(T) + VEM(T)
resonance scattering measurements
6 4 keV Buorescence line
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Why it matters: magnetic fields and stellar exteriors

Magnetic shaplng of stellar outer atmospheres
3S10N In a dynamic manner

embedded young star (Lx 103 erg/s "" 2 e “ ! e and/or Wavelength
at 450 pc) seen'in COUP data : %
: ‘ 3 glosses over |mportant physics
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magnetlc reconnectlon macroBares determine
kinetic energy input into corona, connection to
coronal heating via microf3ares

Tl s

coronal structures accessible through T, EM,

- density, abundances, length scale diagnostics
-for fast rotators & binaries, diagnose discrete
large-scale closed magnetic loops via Doppler
mapping
-determine how structures change with magnetic
plling factor, down to solar minimum
luminosities (L x=2e26)

..;—MLLL.- -

ﬁ”r iy mwlmmﬁr Iength scale diagnostics available:
{ [3are loop modelling
. e(T) + VEM(T)
mew el B0 resonance scattering measurements
' A % 6 4 keV Buorescence line

SR T AR SRR

L “e AL

2




2. How do magnetic belds shape stellar exteriors and

't the surrounding environment?
Observ g Strategy |
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2. How do magnetic Pelds shape stellar exteriors and

. the surrounding environment?
Obserwﬁg Strategy

N ] A

b ,XGS observations needed: 10
"3 binaries, 2 orbital/rotation

b periods per binary (200ks) for
"~ total of 2 Ms
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S N .'5*5 %
X-ray Doppler imaging: separate
contributions of binaries
determine T, VEM, n ¢, A, Ix as a

function of orbltaI/rotatlonaI phase
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2. How do magnetic Pelds shape stellar exteriors and

- . the surrounding environment?
Obserwp‘g Strategy

using XMS, covlstré‘n h ""‘“

VII f/i for a solar minimum sta o “
(L x=2x10 26 ergs) at 5 pc i y
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commenton. ..

angular resolution (150 =50)
good enough for isolated objects, makes
confusion in crowded regions (e.g. LMC,
SMC) difPcult

collecting area + spectral resolution
Increase iIn XMS A eff at low energies good
Increase A eff, dA/ A for XGS?

HXD
good for hard X-ray [3ux from stellar [3ares,
colliding wind binaries



