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starting point is Chandra, XMM-Newton’s
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
ma.ss loss feed back on each other?

&. How do magnetic fields shape stellar
exteriors and the surrounding
environment?



Why 1t ma,tters mass loss from massive sta,rs

Sta,rburst reglons are shapeca by feedba,ck‘ from ma,sswe

. sta,rs .

., 9" M -the key feedback agent
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1. How rapidly do stars lose mass and angular =
momentum, and how do envmon ment and mass-loss feed
ba,ck on each other?

measurements of mass loss via different
methods differ by up to a factor of 10
(changes evolution of the stars):

.' . .' / i :/ . -_': __-:_ . X=r
-radio free-free, Ha xne® -> degree of Bl S R T e
: ‘: “ . ."':.' ':- 1_' N ,._“'. j—l‘ _;* ‘_ll slar (8)

clumping only gives upper limit to M (Puls
et al. 2006)

-UV resonance lines -> uncertainties in
ionization balance

+X-ray emission probes wind opacity, He- : .
like f/i ratios locate X-ray-emitting shocks s’chéma'tic clumpy wind; Feldmeier et :
. al. (2003)

However, large-scale elumps in s*tella,r wvind*can reduce optica,l depth of
wind to X-rays " ey '

= degeneracy between amount-of clumpmg 8e mass -loss rate - : - >
Smoothness/clumpiness of winds may 1ntrqduce factor of 5 OrfmoRe *
uncertainty to M : .

R

need 'high SNR spectral line profilesto break degengracy currently”

only a handful of stars are bmg'ht enough for such observations wﬁ% B/ ;
Cha,ndra, XMM- l\Tewton A W o




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

» i »

1§51on line Doppler widths are =
1000 km/s:need large Acsr
primagily .

O Vill Ly a : simulated non-porous data with best-fit porous e " i =
»

'_Obse.rv:'.ng stra,ﬁegy ,'

0 will expand the results of
landra, XMM-Newton hlgh
lutlon. Spectroscopy of massive,
e rs to a la,rger sample:

Surve;y mass loss in dlfferent
Ga,lac’t‘é environments |

+ plore X-ray productlon ~
-Inecha,msm in OB stars .*

.+ Use colliding- vymd binaries as

+ -shock pgysms laboratorles
residuals detected in 50'ks IX0 XMS observation .

are due to clumps in stellar wind; can do this g° -
analysis for ~36 stars . : ’



Why it.matters: magnetic fields and stellar exteriors

Magnetic shaping of stellar outer atmospheres
ISsion in a dynamic manner




Why 1t matters: magnetic fields and stellar exteriors

Magnetic sha,pmg of stellar outer atmospheres
affects X-rayemission in a dynamic manner

magnetic reconnection macroflares: determine
b kinetic energy input into corona, connection to
" | coronal heating via microflares

i coronal structures accessible through T, EM,

| density, abundances, length scale diagnostics

' -for fasst rotators & binaries, diagnose discrete
large-scale closed magnetic loops via Doppler
mapping
-determine how structures change with magnetic
filling factor, down to solar minimum
luminosities (Lx=2e26)

length scale diagnostics available:
flare loop modelling
ne(T) + VEM(T)
resonance scattering measurements
6.4 keV ﬂuorescenoe line
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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

i?iﬁgd:f) X, nggS;‘ ;2,:; EGE averaging in time and/or wavelength
™~ " : glosse*s over 1mportant physms
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Rt m SRR e % R
ma,gnetlc reconnectlon macroflares: determine
kinetic energy input into corona, connection to
coronal heating via microflares

COUP 554
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: 0 180 g 2 ‘coronal structures accessible through T, EM,

T 1 density, abundances, length scale diagnostics

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

-determine how structures change with magnetic
filling factor, down to solar minimum |
luminosities (Lx=2e26)
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| length scale diagnostics available:

™ flare loop modelling

| (T + VEM(T)

resonance scattering measurements
6 4 keV ﬂuoresoence 11ne

T L : TEAT.
-l .“' *.". .‘.‘.l‘




Why itimatters: magnetic fields and stellar exteriors

Magnetic shaping of stellar outer atmospheres
J affects Xr LZEIISSION in a dynamic manner

embedded young star (Lx 10% erg/s E o g .' ‘av Y . " S i 3 tlme and/or wavelength
at 450 pc) seenin COUP data o _
‘ N p glosses over 1mportant physms

COUP 554

oM i L B i o 8 - — \'
P E j magnetic reconnectlon ma,croﬂares determine
‘ kinetic energy input into corona, connection to

coronal heating via microflares

coronal structures accessible through T, EM,

- density, abundances, length scale diagnostics
-for fasst rotators & binaries, diagnose discrete
large-scale closed magnetic loops via Doppler
mapping
-determine how structures change with magnetic
filling factor, down to solar minimum

3 | el o - luminosities (Lx=Re206)

'. fﬂ“ﬁ‘ F#I'.-.. W‘WM"WW g length scale diagnostics available:
i ) flare loop modelling
. 1ne(T) + VEM(T)
Enerey [_keﬂ A— ?" resonance scattering measurements
: % ;‘} 6 4 keV fluorescence line

TN T EAETS
L “e AL

1 2




<. How do magnetic fields shape stellar exteriors and

. the surrounding environ:
Observ ng Strategy

shifted

component is 10%
EM of stationary
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<. How do magnetic fields shape stellar exteriors and

the surrounding environment?
Observ g otrategy

N 1] A

- ,XGS observations needed: 10
‘A binaries, 8 orbital/rotation
.. periods per binary (200ks) for
~ total of 2 Ms
A

X-ray Doppler imaging: separate
contributions of binaries
determine T, VEM, ne, A, 1x as a
function of orblta,l/rota,tlonal phase
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<. How do magnetic fields shape stellar exteriors and

the surrounding environment?
Observ g otrategy

using XMS Gonsfi'a'i ""“

VII f/i for a solar murimu

(Lx=28x10%€¢ ergs?!) at 5 pc ¥

ks; 20 stars in 1 Ms to span I.x, st ;: e
Tx, FB 0 e et -




commenton...

angular resolution (157=5")
good enough for isolated objects, makes
confusion in crowded regions (e.g. LMC,
SMOC) difficult

collecting area + spectral resolution
increase in XM®S Aesr &t low energies good
increase Aerr, dA/A for XGS?

HXD
good for hard X-ray flux from stellar flares,
colliding wind binaries



