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      The solar corona 
      Einstein and ROSAT:  X-ray 
iiiiiiemission throughout the HR-
iiiiiidiagram 
      XMM-Newton and Chandra: 
iiiiiiPlasma diagnostics of stellar 
iiiiiicoronae 
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CN Leo: M6.5: Schmitt et al. (2001) 

Ti II 3887.7 Å 

Fwhm = 0.09 Å Fe XIII  3388.1 Å 

Fwhm = 0.53 Å 



H. Friedman R. Giacconi 



Skylab 1973 



The X-ray Sun 

Skylab 



The SOHO Sun 
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Existence Heating problem 

Structure Magnetic field 

Energy loss Thermal emission 

Variability 
(flares, active region 
evolution, cycles) 

Instability of field 
configuration 

Is the Sun a prototype for other stars/other astrophysical 
systems ? 



      X-rays 
      radio 
      optical 



The Sun as an X-ray source 

Lx = 2 x 1027 erg/sec 

Placed at a distance of 10 pc: 

fx = 1.8 x 10-13 erg/sec/cm2 

Sensitivity limit of ROSAT all sky-survey: 

fx,lim ~ 2 x 10-13 erg/sec/cm2 



CCD X-ray spectrum of the Sun (it is actually Altair) 

Robrade et al. (2009) 

OVII 



Capella ! 



Vega ! 



Pre-Einstein review by R. Mewe 



Einstein Observatory 

1978 - 1981 

Launch: Nov 13 1978 



G.S. Vaiana R. Rosner 





Vaiana et al. (1981) 



R. Harnden (and the Crab Pulsar) 

Note the ultramodern computer equipment ! 



ROSAT Satellite  

1990 - 1998 

Launch:  Jun 1 1990 





Hertzsprung-
Russell-
Diagram of 
X-ray 
detected stars 



Sun 



Onset of convection 
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Detection rates of bright stars in RASS (flux limited sample) 
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vB 10 

LHS 2065 

LHS 2924 

(upper limit only) 

HR-diagram of X-ray 
detections of low 
mass stars 

Chandra detection 

XMM-Newton detection 

Fully convective objects 



Schmitt & Liefke (2004) 

Volume-limited sample of F,G,K,M dwarfs: LX  vs. MV  
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Volume-limited sample of F,G,K,M dwarfs: FX  vs. MV 

Schmitt & Liefke (2004) 
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Coronal formation (= hot plasma) 
is a universal process for cool stars 

But … 

What determines the X-ray 
luminosity of a given star ? 

What do stellar coronae look like ? 





Pizzolato et al. (2003) 

Solar level 

Saturation limit 

Hot stars 

Rossby number 



X-ray luminosities of  solar-like stars 

Field stars < 7pc 

Field stars < 
25pc  

Sun 

Hyades 

Pleiades 

IC 2602 



Phase:    0.42                0.45                0.5            0.55 

Algol:  B8V+K2III         Eclipse Geometry 

X-ray 
dark 



Giant X-ray flare on Algol observed with BeppoSAX 
(Schmitt & Favata 1999) 

1 day 

exponential decay 

eclipse at phase 0.5 



2-10 keV 

17-30 keV 

30-50 keV 

50-100 keV 



exponential decay 

Rectified light curve 



Algol A 

Algol  B 

Flare Region 

Phase: ϕ = 1.45 



Algol Flare Energetics 

  Tmax = 108 K 
  EM = 1055 cm-3 

  Etot
 > 1037 erg 

  Vmax < 1033 cm3 

  Magnetic Field 
Annihilation 

  Magnetic confinement of 
heated plasma 

  Photospheric magnetic 
field 

Pgas = 2 n k T 

n = (EM/V)½ 

Bannih  > 500 G 

Bconf > 260 G 

Bphot ~ 1500 G 

Bcor > 560 G 

Observables 

Assumptions 



Schmitt & Kürster  

(1993) 



 α CrB: Reconstruction of intensity structures from eclipse 

Güdel et al. 2003 



 α CrB: Reconstruction of intensity structures from eclipse 

Güdel et al. 2003 



      PSPC :    E /ΔE  ≈  2.3         @1 keV  X    
      CCD:      E /ΔE  ≈  8.3         @1 keV  X 
      LETGS:  E /ΔE  ≈  400        @1 keV  X 
      UVES:    E /ΔE  ≈  45000    @3.64eVO 



ROSAT PSPC 
spectrum of Algol 

(Proportional counter) 

1990 

Carbon edge 



ASCA (CCD) :  Algol                      1996 
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  Chandra  (NASA) 
•  Launch: July 1999 
•  Orbit: 64 hours 

  Transmission gratings  
•  LETGS 
•  HETGS 

  XMM-Newton  (ESA) 
•  Launch: December 1999 
•  Orbit: 48 hours 

  Reflection Grating  
  Spectrometer (RGS) 

XMM-Newton and Chandra  
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Chandra LETGS Spectrum of Capella 
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carbon edge 

detector artefact 

 LETGS raw spectrum (of Algol 80 ksec)            2000 

128.79 Å 



Capella 

Chandra 
LETGS 
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HETGS spectrum of Capella Ness et al. 2003 



      Plasma temperature 
      Plasma density 
      Elemental composition 
      Optical depth effects 
      Doppler effects 



Chandra LETGS: 

OVIII Lyα 

OVII 
triplet 



Ness et al. (2004) 

Robrade & Schmitt (2007) 

€ cTTS 
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LETGS spectra of OVII 



RGS 1 

X-ray spectrum of TW Hya (CTTS): OVII triplet 

RGS 1 

forbidden line almost absent ! 

XMM-Newton: 

TW Hya 

Stelzer & Schmitt (2004)  TW Hya 

Schmitt  et al.  (2005)     BP Tau 
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Schmitt & Ness (2002) 
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Schmitt & Ness (2002) Plasma with cosmic 
abundances Temperature 
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Ness et al. (2003) 



VW Cep:  Huenemoerder et al. (2006) 



     Magnetic activity is ubiquitous 
iiiiiiamong late-type stars  
   The Sun shows (atypically ?) weak 
iiiiiiactivity phenomena 
      X-ray spectra are thermal 
      High-resolution spectra otained 
iiiiiiChandra and XMM-Newton have 
iiiiiiopened a new world 
      Plasma diagnostics of stellar   

 iiiiiicoronae 





EV  Lac 
RGS 

Ness et al. (2003) 


