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he “Quiet” Sun

Hinode XRT 30—-Aug—2009 18:06:21.762
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XMM+Chandra, Lega,oy (5o far...)
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@ Stellar outer atmospheres and X-rays are
crucial for star and planet formation, solar
system evolution and the origin and
sustainability of life



Stellar X-ray Ignition

Class O Class I/II  Class III/MS

10° yr 107 yr

Importance for ionisation
(Ettore’s talk)

Time

Stage 1 Stage 2 Stage 3/4 Stage 5



Stellar X-ray Ignition

Cygnus X
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Stellar X-ray Ignition

Akari 9um

- Cygnus OB2

Albacete Colombo et al (2007) -




Stellar X-ray Ignition
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X-ra,ys a,nd
Protoplaneta,ry Dlsks

ration

McCaughrean & O'Dell et al (1996)




Magnetospheric
A.C CP etiOn (Uchida & Shibata 1984, Bertout et al 1988...)
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Protoplanetary Disks

What’s it all about

04

"The most fruitful approach has been the condensation
of our uncertainties by Shakura & Sunyaev (1973) into a
dimensionless parameter a" Pringle (1981)




Protoplanetary Disks

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

@ “Layered accretion” (cammie 199¢); X-ray-driven MRI
X-ray-dependent ViSCOSItY (e.g. Turner et al 2009)

10-7-1071° Mgun/yr

, =3, A Y
% = ,‘{"r‘
; o L
PR S L]
% Z o4
sn s P ’
& ¥
7 £ %,
v -
(f
= 7
o4
3

0.03 AU 5 AU 200... AU

dead zone



Disk X-ray Heating

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

(difficult: coupled radiative transfer, hydrodynamics, chemistry...)

R =1 AU
Heating OA
Cooling OADOO

A continua
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Disk X-ray Heating

(difficult: coupled radiative transfer, hydrodynamics, chemistry...)
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Protoplanetary Disks

X-ray

@ X-ray driven photoevaporative Photoevaporation

flow depending on Lx

@ Rate can be competitive with

accretion, UV evaporation
(Ercolano et al 2009)
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Protoplanetary Disks

X-ray

@ X-ray driven photoevaporative Photoevaporation

flow depending on Lx

- “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:
Ettores talk next)

0.03 AU 5 AU 200... AU



Coronal Structure and
the Origin and Evolution
of Life



Age - Rotation - Lx

) Sun in Time / Living with a Red Dwarf Age-Rotation Plots
Fitting Equation:
Y=Y, + axb
G-stars M-stars
Y, = 1.865 +/- 1.656 ¥, = 4262.0 +/- 2.446
a=-2.854 +/- 1.668 a =-4263.0 +/- 2.446
b=0.08254 +/- 0.04757 b=0.0001062 +/- 1.057e+8
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Age - Rotation - Lx

Sun in Time Age-Activity Plot

Fitting Equation:
%EK Dra y=y,+ax
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Coronal Structure and the
origin and evolution of life

Lx=1029 erg/s
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Paleoclimate Moderated by
Solar Wmd &e Cosmlo Rays?

(Shaviv,
svensmark...) E



Inferring Coronal Structure

.
AB Dor, KOV, s L
P=0.5d, Chandra p
LETG (Hussain et al

YY Gem, dMl
+dM1, P=0.8d,

XMM EPIC (Guedel
et al 2001) )




Inferring Coronal Structure

Boundary condl’rlons

v
.

for stellar winds

+dM1, P=0.8d,

XMM EPIC (Guedel
et al 2001) )
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Slmula.tlon using solar Wlnd MHD
- code (Cohen et al. 2009) |

A steady-state solution of the mterplanetary
space near the active, early Sun

Created by Ofer Cohen



X-ray surface layer chenustry
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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...
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The Cosmic Sexiness Ladder

Cosmology, Information
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