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Whirlpool Galaxy, HST:




[Kevhole Nebula

Hubble

Heritage

NASA and The Hubble Heritage Team ( Hubble Space Telescope WFPC2 « STScl-PRC00-06




Gaseous Pillars - M16 ~ HST - WFPC2

PRC95-44a - ST Scl OPO - November 2, 1995
J. Hester and P. Scowen (AZ State Univ.), NASA




Star-Birth Clouds - M16 HST - WFPC2

PRC95-44b - ST Scl OPO - November 2, 1995
J. Hester and P. Scowen (AZ State Univ.), NASA




1000 yr old superneva remmnant

Crab Nebula, WIYN




explosive mass loss

eta Carina, HST




wind-blownibubble: steady mass-loss

NGC 6888 Crescent Nebula - Tory Hallas




No spatial infermation fromi imaging?







Johann Bode, Uranographia
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The Sun at different wavelengths
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Stellar rotation vs. X-ray luminosity
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DISCOVERY OF AN X-RAY STAR ASSOCIATION IN VI CYGNI (CYG OB2)

F. R. HARNDEN, JR., G. BRANDUARDI, M. ELvis,! P. GORENSTEIN, J. GRINDLAY,

J. P. Pye,' R, RosNER, K. Toprka, AND G. S. VArana?

Harvard-Smithsonian Center for Astrophysics, Cambridge, Massachusetts
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ABSTRACT

A group of six X-ray sources located within 0°4 of Cygnus X-3 has been discovered with the
Einstein Observatory. These sources have been positively identified and five of them correspond to
stars in the heavily obscured OB association VI Cygni. The optical counterparts include four of the
most luminous O stars within the field of view and a BS supergiant. These sources are found to have
typical X-ray luminosities L, (0.2-4.0keV) ~ 5 X 10% ergs s~!, with temperatures 7' ~ 1088 K
and hydrogen column densities Ny ~ 10 cm™2, and therefore comprise a new class of low-lumi-
nosity galactic X-ray sources associated with early-type stars.




Chandra X-rays: MEQIIM

M17 - massive star cluster / / /
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THE STRUCTURE OF THE WINDS AND CORONAE OF O STARS DERIVED FROM
He LINE-PROFILE ANALYSES
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A Portion of the Salar Ultrav

iolet Spectrum: Intensity versus Wavelength
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UV telescope
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P-Cygni
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STELLAR WIND OF { PUPPIS

I T T T l T T T

side

‘\emission emission /

W
/) front S/ back .
/ / J/ / / "

/

Residual Intensity

llllllllll!llll'lll]ll

—rlllllllllllllllllll

|
-4000

|
[«
(=]
(=]
o
-~
o
(=}

/
/ / /

/ / / / / /

/ /

/ A roo "
/ / / L. / / /
/abgorption / / ~ occulted

\
s N

s

emission emission

side

P-Cygni

Line Profile Symmetric

Emission
= +
Blue-Shifted
Absorption

v, V=0

<+ Velocity ; Wavelength —»




Tihe momentum in starlight drives massive stellar winds
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Doppler desaturation
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1-D rad-hydros simulation of an; O star' wind
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Shell-shell collisions induced by turbulence at the base of the wind flow

Density

== P
= f"".— ’
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log Temp. (K)

6 7 8910
Eeldmeier, et al. 1997




The clumping in 2-D simulations (density shown
pelow) IS on quite: small scales

Dessart & Owocki 2003, A&A, 406, L1










Chandra launched in 1999 - 50 X better spectral reselution
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Low-mass; star (Capella) for comparison
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key parameters: R, & -

j~ p? forR.>R,

=0 otherwise




[Fitting this moedel to data




C Pup: Fe XVII line at 15.014 A
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Confidence limits on fit parameters




Onset of instability-induced shock structure: B, ~ 1.5

1.5 R. = height of 0.5 R.
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M = 3.0/ X 1056 My, /yr




C Pup: Fe XVl line at 15.014 A - again
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Different lines, different epacities

absorption edges
emission lines
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Vig XII Lyman-o: =1
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O VIl Lyman-or: 7.=3
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Empiricall v trend for' € Pup
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Ry, values for each line are consistent
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Onset of instability-induced shock structure: B, ~ 1.5

1.5 R. = height of 0.5 R.
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What about other stars?




IHDO3129: O2.5 - moest massive (100 My )
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C Ori: ©O9.5 - less massive

o o
=) o
(5] S

o~
|
ot
'U)
%]
=
=
g
L
(1
(a2
=
=
o
@)

8.40 .
Wavelength (A)

Vg Xl Lyman-ao: 7. = 0.1




Dotted line: A/ = 2.5e—6 M /yr
Solid line: A/ = 3.8e—7 M_/yr
Dashed line: 7, = 0.16

r 1
!

;'l

wavelength (angstroms)




Windl shock scenario: consistent with) X-ray: line
profiles...
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What about the overall trends In
massive star X-ray spectra?
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IS this| a temperature/ionization trend?

Multiwavelength Systematics of OB Spectra

Nolan R. WALBORN!

1Spar:e Telescops Science Institute,
3700 San Martin Drive, Baltimore, Maryland 21218, USA

27 Oct 2006

4. X-Ray Systematics

The spectrascopic capabilities of the Chandra (and XMM-Newton) X-ray obeervatories
permit for the first time the extension of morphological techniques as described above
in the optical and UV domains, to the X-ray line spectra of the OB stars. A Chandra
program (PI W. Waldron) to fill gape in the archival HR Diagram coverage has been
conductaed. Although such coverage to date remains sparse, it is now sufficient to
support a preliminary investigation of the X-ray spectral systematics in relation to
the optical spectral types of the stars. To that end, supergiant/(giant) and main-
sequence/(glant) X-ray spectral sequences from Chandra HETGS data are displayed
in Figures 9 and 10, respectively. It should be emphasized that thess stars have
been selected as normal representatives of their spectral types; e.g., the magnetic
stars discussed in the previous section also have peculiar X-ray spectra and must be
omitted from the ssarch for fundamental morphological trends.

The existence of such trends is readily apparent in the figures. First, the strongest
lines migrate toward longer wavelengths with advancing spectral type, which 1s an
ionization effect. Second, the ratias of the close pairs of He- and H-like ionic lines
from 81, Mg, Ne, and O display correlations with the spectral types. For instance, the




Recall the wind opacity.
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L_ittle evidence for' a residual ionization trend
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...but maybe a second-order efifect
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X-ray emitting plasma kinematics: consistent with
Wina-shock model

But line profile shapes indicate mass-loss rates are
lower than expected (~8 X for highest mass stars; up

to 10 times for lower mass stars)

Global speciral trends  also show: the importance of
Wind abserption - guestion: consistent withrlower
mass-loss rates?




