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1-D stratification of the solar atmosphere
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Sun’s magnetic field correlates with
brightness in most atmospheric layers




Photospheric influence of field: variations of

total irradiance

ach Jan 0, 1980)

6000 8000 10000
L L L
— Q
O]
C
> |
=
= |
- n A _
f Q. 1" u |
S fl |
= S i
£ m e
& S -
= <
- ‘:.’ _ |
: 10A4%:-
<1 10 20 30 10 20 '
November 1996 December 1996 I L e

78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08
Year C. Fréhlich, PMOD




Solar brightness_f

985 1990 1993 2000

~—a
~
<)

1990 1995
Yaar




>
I
e
)
-
@)
>
Q
O
©
o)
—
<




Magnetic Field & Brightness Changes

Model:
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Magnetic Field & Brightness Changes

- Model:
based on
assumption
that

brightness
e | changes are
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Chromospheric structure and magnetic field
Spots plages

1998/03/30 20:23:42
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Ca ll K as a magnetic field proxy

Ca ll H and K lines,
the strongest lines
In the visible solar
spectrum, become
brighter with non-
spot magnetic flux.
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Why are magnetic elements bright in the
chromosphere?

Photosphere: energy
enters flux tube through
shaking by convection.
Transported up by
waves, or Is stored as
excess energy in field
(tension forces)

Chromosphere: release
of excess energy
channelled by field to
higher layers (MHD wave
dissipation)







Magnetic canopies

Observational evidence exists
for the presence of horizontal
fields in chromosphere

Can be produced with FT
model if interior of FT is hotter
than surroundings

Pressure scale height H,~ T

T.>T,=» H,,> H,, =» above a
critical height Z_: P,> P,

=>» above Z_field is not confined
& expands horizontally

=» above Z_field fills all corona



Chromospheric structure

m Spicules
= Prominences and filaments




Cartoon of quiet Sun atmosphere
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Prominence material supported by magnetic
field

Density of prominence
material is ~2 orders of
magnitude higher than of
surrounding corona

Prominence gas has to be
supported against gravity

© - Approx. size of Earth

Magnetic field curved e —

upward can provide this
support, since ionized gas
can only flow along field lines



Prominence
models

Kippenhahn-Schluter
(below), Kuperus-Raadu
(below right) and flux tube
(right; 3-D Kuperus-R.) w
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The Hot and Dynamic Corona
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Coronagraphic observations
(LASCO C3/ SOHO, MPS)




The Hot and Dynamic Corona
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EUV Corona: Plasma at Corona
>1 Mio K (EIT 195A)  (LASC




Coronal structures

= Active region (loops)
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Coronal structure: active region loops
TRACE, 1999




Coronal temperature & density

m Different temperatures
& densities co-exist in
the corona

= Range of temps:
<1 MK (Coronal hole)
to 10 MK (act. region)

m e densities (inner
corona):

m Loop: 10" particles cm2

m Coronal hole: 107

; . I
particles cm2 Hinoede XRT: 2-5NVIK gas



Flux Tubes, Canopies, Loops and Funnels

stellar wind regime X-ray corona.
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Energy budget: Open & closed coronal field

magnetically closed magnetically open

FSW:O FSWZO.9

0.1

Frad =/ =0.1

radiation = 100 % of energy input radiation = 10 % of energy input

; Fq = Conductive energy flux; Fg, = Solar wind flux
Assume the same energy input into open and closed regions:

almost ALL emission we see on the disk outside coronal holes
originates from magnetically closed structures (loops) !

kindly provided by Hardi Peter



fast wind

Sources of solar wind

Tu, Marsch et al., 2005



TRACE 171A observations of flare and post
flare arcade near limb

2002—fpr—21 E
00:43:09 |1



Coronal mass ejection (CME)




Plasma B vs. height in solar atmosphere

Gas
dominates

Plasma G:
ratio of
thermal to
magnetic
energy
density:

Selar Wing
Accckration Region

1074 10" T 1g7 !

(Gary 2001)  IENUENEd




Energy input into corona

Random footpoint motions of a loop will lead to a braiding of
the field (first proposed by Parker 1983)

Simple example
Starting from loop-

B<<1 like potential field,
l.e. lowest energy
configuration,
energy in field can
be increased by
moving the loop
footpoints
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Source of footpoint
motion: magneto-
convection




Structure and dynamics at small
spatial scales

Radiation-MHD Simulations of small-scale magnetic fields

Intensity, \/ogler et al. Magnetlc iield
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Magnetic coupling & coronal heating

Gudiksen & Nordlund (2002)

Coronal loops maintained at
MK temperatures by current
dissipation

I

Braiding of coronal magnetic
field lines

[

Emergence of new: flux and
Interaction with convection:
Magnetic foetpoint moetions



Magnetic reconnection (2-D)

Petschek Model Gives Fast Reconnection

Electric current sheet

Supersonic
outflow

Subsonic inflow




Electric Current Sheet at Coronal Base

He |1 10830 A reveals electric current sheet (tangential
discontinuity of magnetic vector) at coronal base

Surface: Mag. Field {He)
Color: Current Density (He)

Solanki et al. 2003, Animation: A. Lagg

Observed in
emerging flux
region

Surface:
magnetic field
strength (note
the valley)

Colour: current
density
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