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Kinetic Physics of the Solar
Corona and Solar Wind

Eckart Marsch

Max-Planck-Institut fiir Aeronomie

e The Sun’s corona and wind - structure,
evolution and dynamics

e lons and electrons - velocity distributions
and kinetics

e Waves and turbulence - excitation, transport
and dissipation



The Sun’s corona and wind -
structure, evolution and
dynamics

e Solar atmosphere

e Coronal plasma state and parameters

e Chromospheric network and corona

o Solar magnetic field and activity

e Coronal temperature distribution

e Origin and types of solar wind

e Sun’'s loss of mass and angular momentum
e Concept of a wind: Parker’'s fluid model

e Multi-fluid models of the solar wind

e Spiral magnetic field and Alfven waves

o Dynamic processes in interplanetary space
o Large-scale structure of the heliosphere
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Magnetic field lines 150
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Model of coronal-heliospheric
fielc

With fieldline motion

Without Hleldline motion

Universily of Bichigan

_Fisk, JGR, 1996
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Solar wind fast and slow streams
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Latitudinal variation of the
heliospheric magnetic field
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Fast solar wind parameters

* Energy flux at 1 R¢: Fc =5 10°erg cm—2s-!
* Speed beyond 10R;: V, = (700 - 800) km s
* Protonfluxat 1AU: n,V,= 2 108cm2s"!
* Densityat 1AU:  n,=3cm™3; n,/n,=0.04
e Temperatures at 1 AU:

T,=310°K; T, =108 K; T.=1510°K

® Heavy ions: Tizm/m,T,; V-V, =V,

_Schwenn and Marsch, 1990,
1991
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On the source regions of the fast
solar wind in coronal holes

Image: EIT
Corona in
Fe XI1 195 A
at 1.5MK

Hassler et al.,
Science 283,
1 811-813, 1999

Insert:
SUMER
Ne VIII 770 A
at 630000 K

Chromosphe
ric

network
Doppler
shifts

Red: down
Blue: up

Outflow at
lane< and 14



Magnetic network loops and funnels

Structure of transition region Magnetic field of coronal funnel

A(z) = flux tube cross sectio

T

)
~10%m ?:.;
N
~10%m
" NETWORK LANE
~10%km L. ,
X [Miml]

=71 COOLER NETWORK LOOPS

[j HOTTER NETWORK LOOPS
(105K < Thax < 108K)

m CORONAL FUNNELS

Hackenberg et al.,

Dowdy et al.,
Solar Phys.,
105, 35, 1986

Space
Sci. Rev., 87, 207, 1999
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Outflow speed in interplume
region at the coronal base

OV intensily ratio vs outflow velocily
D o
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2000
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Solar wind speed and density

Polar

B outward diagram
Vv

Ecliptic Density

n R?

B inward
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_etal., GRL,

25, 1, 1998
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Polar diagram of solar wind
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Polar plot of density and He/H ratio
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Polar plot of mass/momentum flux
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Heliosphere and local
interstellar medium
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Changing corona and solar wind
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Solar wind dropout
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908/06/02 18:31

Note the helical structure of the prominence filaments!
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Speed profile of balloon-type CMEs
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Speed profile of the slow solar wind

Speed profile as determined
from plasma blobs in the wind
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Non-stationary slow solar wind

“....small eruptions at the
helmet streamer cusp
may incessantly
accelerate small amounts

of plasma without
significant changes of the

equilibrium configuration
and might thus contribute

to the non-stationary
slow solar wind....”

Wiegelmann et
_al,, Solar Phys.,
1999

Plasma
flow
{ Magnetic
/- field lines

! eAcceleration of
S EIR ® slow wind above
) 1 cusp (1)

\ e Coronal eruptions
i by magnetic

.\ reconnection

\( inside the streamer

(D

A\ e Interaction of
\ three smaller
streamers forming

adome (2)

\'\ @ Plasmoids form by
\\ reconnection
3,4,5)
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North coronal hole in various lines

1400000 FeXIl 1242
K A

1100000 3 e MgX 624.9
iK A

230000 K 0V 629.7 A
180000 K NV 1238.8 A

Forsyth & Marsch, Space S::s Rev., 8, 7
1998An 1r | SUMER/SOHO 10 Augyst, 1996 0



Electron temperature in the corona

log (Temperature {K}}
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Proton temperature at coronal
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Heavy ion heating proportional to
charge/mass by cyclotron

resonance
Q~7Z/A
Heavy ion
temperature
T=(2-6) MK e Magnetic mirror in
r=1.15R coronal funnel/hole

e Cyclotron resonance
= increase of u

Tu et al., Space
Sci. Rev., 87, 331,
1999

SUMER/SOHO
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Oxygen and hydrogen thermal
speeds in coronal holes
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TEMPERATURE (K)
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Heliospheric temperatures
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Oxygen freeze-in temperature
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Correlations between wind
speed and corona temperature
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The future: Solar Orbiter

A high-
resolution
mission to

the Sun and
inner
heliosphere

ESA
2008 - 2013
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