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OutlineOutline::

     X-rays from the Sun

      Stellar X-ray astronomy:
         X-ray emission throughout the HR-diagram
      Stellar X-ray astronomy :
         Plasma diagnostics of hot plasmas
      (Some) Open problems



B. Edlen, MNRAS, 1945, 105, 323



The SOHO Sun



50 Years of X-ray Astronomy TRACE



X-ray emission is a good proxy for magnetic flux  !

Why study X-ray emission ?



Pevtsov et al. (2003)

L x ~ Φ 1.1

Quiet Sun

Stars



  X-ray emission diagnoses magnetic flux

  Magnetic flux is difficult to measure  for stars

  What about X-rays from stars ?



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

Only nearby sources detectable ?

at solar max !



Capella (Apr 5 1974)!



Pre-Einstein review by R. Mewe (1979)



First First revolutionrevolution
in stellar in stellar X-ray astronomyX-ray astronomy

Soft X-ray imaging !



Einstein Observatory

1978 - 1981

Launch: Nov 13 1978



Vaiana et al. (1981)

First X-ray HR-diagram

with 143 stars !



Sun

ROSAT all-sky 

survey



Sun

0.01 LSun

Wright et al. (2010)



Main Main resultsresults::
     X-ray emission from all stars with
kkkouter convection zones
     Minimal flux
     Rotation-activity relation
     Activity-age relation
     Solar phenomena on stars (cycles,
kkkflares)



Which stars do we see as X-ray sources ?



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

Schmitt & Liefke (2004)
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What is the meaning of the minimal flux  ?



Solar Irradiance Reference Spectrum  (Woods 2009)

Taken in April 2008 during extended solar minimum ! 



In PSPC-band pass: FX = 9000 erg/cm2/sec

LX,tot,min = 5.5 1026   erg/sec 

SIRS Solar spectrum

Schmitt (2011)



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

Schmitt & Liefke (2004)

    F     G      K                   M

Minimum
Sun in 2008

MV

L
og

 F
X



Age-activity connection



Hyades cluster (Stern et al. 1994)
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X-ray luminosities of  solar-like stars

Field stars < 7pc

Field stars <
25pc

Sun

Hyades

Pleiades

IC 2602



Rotation-activity connection



First X-ray activity vs.
rotation diagram by
Pallavicini et al. (1981)!



Pizzolato et al. (2003)

Solar level

Saturation limit

Hot stars

Rossby number



Solar phenomena on stars:

Flares

Cycles



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

Consistent with

thermal emission



COUP 331 (Czesla et al. 2008)

12 days



COUP 331 (Czesla et al. 2008)

Fe 6.4 kev fluorescence 

line appears for the 

first 20 ksec of flare 2 !



Sun

HD81809

61 Cyg A

61 Cyg B

Baliunas et al (1995)

0.165



61 Cyg A:  A full X-ray cycle covered !

Minmax:  Factor 4 

Robrade et al. (2011)



Second Second revolution revolution in stellarin stellar
X-ray astronomyX-ray astronomy

High-resolution X-ray
spectroscopy



ASCA (CCD) :  Algol                      1996
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50 Years of X-ray Astronomy

carbon edge

detector artefact

 LETGS raw spectrum (of Algol 80 ksec)            2000

128.79 Å



Diagnostic capabilitiesDiagnostic capabilities::
     Plasma temperature
     Plasma density
     Elemental composition
     Optical depth effects
     Doppler effects



Chandra LETGS:

OVIII Lyα

OVII
triplet

hot

cool



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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New Topics:

   Stellar X-ray jets 

   Extrasolar planet host stars



Guedel et al. (2008)

The X-ray jet of the CTTS DG Tau



Schneider et al. (2008)

The inner X-ray jet of DG Tau



Extreme levels of X-ray irradiation on Hot Jupiters around 

active stars !



 LX,host  (cgs) a (AU) FX   (cgs) Teff    (K) 

Earth 10
27

 1 0.35 300 

Jupiter 10
27

 5.2 0.013 120 

51 Peg b 5 10
26

 0.052 65.4 1250 

CoRoT 2b 4 10
29

 0.028 1.8 10
5
 1800 

 

A little comparison …… 

X-ray irradiation on solar system and extrasolar planets

CoRoT 2b is the planet with the largest known X-ray irradiation !



((SomeSome) Open ) Open issuesissues::

    Nonthermal X-ray emission ?
 Energetic particle production ?
     Dopplershifts ?
     Line profiles ?
     Jets and accretion spots ?
     ……………


