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Kelu-1 AB L2/3 0.06Msun LX=3x1025 erg/s
Audard et al (2007)
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- temperature structure
- plasma densities
- abundances (anomalies)



Stellar outer atmospheres and X-rays are 
crucial for star and planet formation, solar 
system evolution and the origin and 
sustainability of life



(visible) Stellar X-ray Ignition

Class 0 Class I/II Class III/MS

X-rays

Importance for ionisation
(Ettore’s talk)
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Cygnus X

Akari 9µm Albacete Colombo et al (2007)

Cygnus OB2

ONC
Cyg OB2



X-rays and 
Protoplanetary Disks

UV photoevaporation

McCaughrean & O’Dell et al (1996)
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Magnetospheric 
Accretion (Uchida & Shibata 1984, Bertout et al 1988...)

Romanova et al (2004)

Long et al (2008)

ZAMS

WTTS

Schmitt et al (2005) Argiroffi et al (2007)MP Mus

Robrade et al (2007)

RU Lup

Guenther et al (2006)



Protoplanetary Disks


 “The most fruitful approach has been the condensation 
of our uncertainties by Shakura & Sunyaev (1973) into a 

dimensionless parameter ” Pringle (1981) 

What’s it all about



Protoplanetary Disks

dead zone

Importance of X-ray heating/ionization pointed out 
by Al Glassgold and co-workers (Igea & Glassgold 1999....)

“Layered accretion” (Gammie 1996); X-ray-driven MRI, 
X-ray-dependent viscosity (e.g. Turner et al 2009)

0.03 AU 5 AU 200... AU

10-7-10-10 Msun/yr
X-rays

MHD
turbulence



Disk X-ray Heating 
(difficult: coupled radiative transfer, hydrodynamics, chemistry...)

Fixed gas density;
Ercolano et al (2009)

Unbound gas



Disk X-ray Heating 
(difficult: coupled radiative transfer, hydrodynamics, chemistry...)

Fixed gas density;
Ercolano et al (2009)

Unbound gas
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HSE gas density;
Ercolano et al (2009)

Unbound gas
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Protoplanetary Disks

X-rays

dead zone

0.03 AU 5 AU 200... AU

X-ray driven photoevaporative 
flow depending on LX

Rate can be competitive with 
accretion, UV evaporation   
(Ercolano et al 2009)

10-7-10-10 Msun/yr

X-ray
Photoevaporation

- ~50% of late-type stars emerge with
  debris disks
- ~6%+ emerge with gas giant planets

Likely controlled largely by X-rays 
(+initial disk conditions + UV environment: 

Ettore’s talk next) 



Coronal Structure and 
the Origin and Evolution 

of Life
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Coronal Structure and the 
origin and evolution of life

0.01 Gyr 1.0 Gyr 4.5 Gyr
LX=5x1030 erg/s LX=1029 erg/s LX=1027 erg/s



Paleoclimate Moderated by 
Solar Wind & Cosmic Rays? 

Svensmark (2007)

cosmic 
ray flux biomass

(Shaviv, 
Svensmark...)



Inferring Coronal Structure

AB Dor, K0V, 
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Boundary conditions 
for stellar winds



Simulation using solar wind MHD 
code (Cohen et al. 2009)



Future

IXO: more detailed 
coronal structure, 
proplyd-hosting TTS, Fe 
K fluorescence, much 
wider range of 
sources...

ALMA, JWST 
revolutionise 
protoplanetary disk 
studies; X-ray-induced 
chemstry...

Semenov et al (2004)
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