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Manifestation: Aurora
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Space Weather: consequences

Galactic
Cusmlc/ Computer and Memorny .
Upsels and Failures }
Surfaceand  Fa¥® /

Interior M cmmcleo oids  Solar Cell A s Flare . B
Charging Damags 7¥  potons ¥ Astronaut
Safety

Magnetic
Attitude
Control . Atmospheric Drag

ARE
¥
S O > ‘” -
S e
% Rainiall

Radic Wave | signal &. % Water Vapo

Disturbance +/ Scintillation
/ Airline Passenger

Electricity Grid
Disruption

Telecommunication
Cable Disruption

Outline

What is ,,Space Weather: Manifestation, consequences,
action at Earth and in space

How does it work ? - Main scenarios of plasma heating
and patticle acceleration by attists‘s movies

MODELING AND SIMULATION APPROACHES:
Force free magnetic fields -> lowest order solar fields
Ideal MHD -> large scale motion in the corona
Resistive MHD -> reconnection in the transition region
Kinetic simulation -> dissipation, structure formation
State of the art global simulation and outlook
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Actlon in Space
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How does it work?
Solar Wind and Magnetic Substorms
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Source: motion of solar plasmas

(0.5-1) 104 W m-2
Quiet S 300 W m
Coronal holes 800W m? <08

® Dynamo effect -> magnetic fields

m Flows -> upward Poynting flux
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Typical values

Paramcter Laboratory! Magnetosphere?  Solar Corona3 Solar Interior?
L (global scale)  10-1 m 107 m 105 m 108 m
n 1020 m3 105 m3 1015 m3 1029 m3
A 105 K 107 K 1006 K 106 K
B 10! tesla 108 tesla 102 tesla 101 tesla
Tion-gyro /L 102 102 109 1012
Lomfipick 101 109 104 10-16

R, >1 >>1 >>>1
Ep/E 4 101 10-11 107 107
IMRX at the Princeton Plasma PhysicsLaboratory 3Above an active region
2Plasma sheet in the gcomagnetic tail 4Basc of the convection zon
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Ideal MHD (magnetohydrodynamics)

m E + v x B=0 -> ,ideal” magnetohydrodynamics, i.e.
magnetic flux and plasma move together

SOHO-MDI photospheric B fields on 17./18.10.1996 60, 23Mm
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Typical dimensionless parameters

If: L — Geometrical scale, n — Number density;
T, - Temperature and B — Magnetic field, then:

IS\ GCRCWIC /L = (kp T;m;)!2/ (eBL)

aToe, )2
Mean-free path: [y EEWNIRRG 1)
b @n) nL et nA

Magnetic Reynolds number Il IiN

In A
E=vB ~ > PPEEBSEE I o fiold
A A

If E4 > Ej collisions don‘t prevent runaway: collisionless!
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Force-free approximation

i.e. Currents flow only parallel to the magnetic field ->

18.10.96
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Non-ideal MHD simulations
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IMPRS Lindau, 6.2.2003



Non-ideal MHD simulations

1 million

MHD - simulations: example

fime=96.0021
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Next order - smaller - scales

Electron equation of motion ( ):

1

j><E+LVpe -nJ
nec ne

c/oy; Pe <- Scales

Electron Whistler kiIlf.‘tiC Eit
inertia SETES Alfven <- Eftects

=Dy

* Below c/m,; electrons and ions decouple, i.e. electrons are

magnetized, ions not -> Plasma- Hall- Effect . B B * tanh(z / L)
* Below c/m, : Electrons demagnetized as well al
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Hall currents in current sheets Vlasov-code kinetic Simulation

Electrons

— | Vlasov equation

Equations for
potentials

—»|Calculation of fields |

(Thin current sheet with p,, ~> L)

IMPRS Lindau, 6.2.2003 IMPRS Lindau, 6.2.2003




From microscopic fluctuations and From microscopic fluctuations and
turbulence to a global instability: turbulence to global instability:

Current sheet decay: from microscopic Microscopic dissipation

_ﬂuctuatiOns to global instability Ionen distribution in the Electron distribution in the
current direction current direction

t0yi=11.

Ions drive waves [] plateau - formation [J electron-heating
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Current reduction -> disspation 3D current instability

Ion distribution function Electron distribution function

0 Plasma density wave



Transition to reconnection
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State of the art: global MHD models
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Comparison with observations

® nternational program ,,! iving \\ith a “tar®

m Missions 2006-08: SUNRISE, STEREO, MMS, SDO ...
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3D magnetic reconnection
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Multiscale processes in complex system
-> plasma simulations necessary
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