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OutlineOutline
WhatWhat  isis „ „SpaceSpace  WeatherWeather“: Manifestation, “: Manifestation, consequencesconsequences,,
actionaction at Earth and in  at Earth and in spacespace
HowHow  doesdoes  itit  workwork ? - Main  ? - Main scenariosscenarios of  of plasmaplasma  heatingheating
and and particleparticle  accelerationacceleration  byby  artists‘sartists‘s  moviesmovies
MODELING AND SIMULATION APPROACHESMODELING AND SIMULATION APPROACHES::
Force Force freefree  magneticmagnetic  fieldsfields ->  -> lowestlowest order solar  order solar fieldsfields
Ideal MHD -> large Ideal MHD -> large scalescale  motionmotion in  in thethe  coronacorona
ResistiveResistive MHD ->  MHD -> reconnectionreconnection in  in thethe  transitiontransition  regionregion
KineticKinetic  simulationsimulation ->  -> dissipationdissipation, , structurestructure  formationformation
State of State of thethe art global  art global simulationsimulation and  and outlookoutlook
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Manifestation: AuroraManifestation: Aurora
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Action in Action in SpaceSpace
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SpaceSpace  WeatherWeather: : consequencesconsequences
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HowHow  doesdoes  itit  workwork??
Solar Wind and Solar Wind and MagneticMagnetic  SubstormsSubstorms
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SourceSource: : motionmotion of solar  of solar plasmasplasmas

Solar Solar plasmaplasma  convectionconvection::
Dynamo Dynamo effecteffect ->  -> magneticmagnetic  fieldsfields
FlowsFlows ->  -> upwardupward  PoyntingPoynting  fluxflux

EstimatedEstimated  energyenergy fluxes: fluxes:
Active Active regionsregions     (0.5 -1) 104 W m-2     (0.5 -1) 104 W m-2 
Quiet Quiet regionsregions                  300 W m                  300 W m-2-2

Coronal Coronal holesholes                 800 W m                 800 W m-2-2
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TypicalTypical  dimensionlessdimensionless  parametersparameters
If: L – Geometrical scale, n –  Number density;If: L – Geometrical scale, n –  Number density;

Tj – Temperature and B – Magnetic field, then:Tj – Temperature and B – Magnetic field, then:

Ion-gyro radius:Ion-gyro radius:

Mean-free path:Mean-free path:

Dreicer-fieldDreicer-field

If EA > ED collisions don‘t prevent runaway: collisionless!If EA > ED collisions don‘t prevent runaway: collisionless!

<<

Magnetic Reynolds numberMagnetic Reynolds number

E = v B ~E = v B ~
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TypicalTypical  valuesvalues

Rm                             > 1           >> 1             >>>1Rm                             > 1           >> 1             >>>1
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Force-freeForce-free  approximationapproximation

04:20 04:20 18.10.96 18.10.96 04:4004:40

i.e. Currents flow only parallel to the magnetic field ->
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Ideal MHD (Ideal MHD (magnetohydrodynamicsmagnetohydrodynamics))
E + v x B=0 -> „ideal“ E + v x B=0 -> „ideal“ magnetohydrodynamicsmagnetohydrodynamics, , i.ei.e..

magneticmagnetic  fluxflux and  and plasmaplasma  movemove  togethertogether

SOHO-MDI SOHO-MDI photosphericphotospheric B  B fieldsfields on 17./18.10.1996 60“, 23Mm on 17./18.10.1996 60“, 23Mm
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MHD Simulation mitMHD Simulation mit
Dissipation undDissipation und

Neutralgas-StößenNeutralgas-Stößen

Non-idealNon-ideal MHD  MHD simulationssimulations
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MHD Simulation mitMHD Simulation mit
Dissipation undDissipation und

Neutralgas-StößenNeutralgas-Stößen

Non-idealNon-ideal MHD  MHD simulationssimulations

IMPRS Lindau, 6.2.2003

MHD - MHD - simulationssimulations: : exampleexample
Eruptive Eruptive magneticmagnetic
ReconnectionReconnection  directlydirectly
in in thethe  transitiontransition
regionregion

TheThe  questionquestion  remainsremains
openopen: : whatwhat  isis  thethe nature nature
of of dissipationdissipation??
-> -> plasmakineticplasmakinetic
investigation  necessaryinvestigation  necessary
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Next order - smaller - scalesNext order - smaller - scales
Electron equation of motion (Electron equation of motion (“Ohm’s law”“Ohm’s law”):):

• Below c/ωpi electrons and ions decouple, i.e. electrons are
 magnetized, ions not  -> Plasma-  Hall- Effect
• Below  c/ωpe : Electrons demagnetized as well

c/ωpic/ωpe
ρe <- Scales
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Crucial point: current sheets
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Hall Hall currentscurrents in  in currentcurrent  sheetssheets

Ions Electrons

et

(Thin current sheet with  ρio ~> L)(Thin current sheet with  ρio ~> L)
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Vlasov-code kinetic Simulation
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FromFrom  microscopicmicroscopic  fluctuationsfluctuations and and
turbulenceturbulence to a global  to a global instabilityinstability: : TIMETIME
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FromFrom  microscopicmicroscopic  fluctuationsfluctuations and and
turbulenceturbulence to  to globalglobal  instabilityinstability: : SPACE
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CurrentCurrent  sheetsheet  decaydecay: : fromfrom  microscopicmicroscopic
fluctuationsfluctuations to global  to global instabilityinstability

IMPRS Lindau, 6.2.2003

Microscopic dissipation
Ionen distribution in the

current direction
Electron distribution in the

current direction

Ions drive waves �  plateau - formation �  electron-heating
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Current reduction -> disspation

Ion distribution function Electron distribution function
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3D 3D currentcurrent  instabilityinstability

Plasma density wave Plasma density wave 
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TransitionTransition to  to reconnectionreconnection
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3D 3D magneticmagnetic  reconnectionreconnection
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State of State of thethe art: global MHD  art: global MHD modelsmodels
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MultiscaleMultiscale  processesprocesses in  in complexcomplex  systemsystem
-> -> plasmaplasma  simulationssimulations  necessarynecessary

IMPRS Lindau, 6.2.2003

ComparisonComparison  withwith  observationsobservations
IInternational nternational programprogram „ „LLivingiving  WWithith a  a SStar“ tar“ (ILWS)(ILWS)
Missions 2006-08:  SUNRISE, STEREO, MMS, SDO ...Missions 2006-08:  SUNRISE, STEREO, MMS, SDO ...

South Pole Sitter

L2


