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 Our Our MethodMethod::
 StartStart  fromfrom  thethe ASTRONET  ASTRONET chapterchapter 5 5
 DraftDraft    ofof modifications  modifications ofof  thethe ASTRONET ASTRONET

documentdocument
 Discussion Discussion ofof  thethe  draftdraft in  in thethe  boardboard  ofof  thethe SPS  SPS ofof

thethe EPS/EAS (chair G.  EPS/EAS (chair G. PolettoPoletto, , ArcetriArcetri) ) andand in  in thethe
boardboard  ofof  thethe French National  French National ProgramProgram on  on SolarSolar
TerrestrialTerrestrial  PhysicsPhysics (PNST) (PNST)

 SpecificSpecific inputs  inputs fromfrom G.  G. PolettoPoletto, G. , G. AulanierAulanier (Paris (Paris
ObservatoryObservatory), M. ), M. MaksimovicMaksimovic (Paris  (Paris ObservatoryObservatory),),
T. T. PassotPassot (Nice), D. Fontaine (CETP) (Nice), D. Fontaine (CETP)



ChapterChapter 5:  5: HowHow do  do wewe fit in? fit in?
•• WhatWhat  cancan  thethe Sun  Sun teachteach us about  us about fundamentalfundamental

astrophysicalastrophysical  processesprocesses??
•• WhatWhat drives  drives solarsolar  variabilityvariability on  on allall  scalesscales??
•• WhatWhat  isis  thethe impact  impact ofof  SolarSolar  activityactivity on  on lifelife on on

EarthEarth??
•• WhatWhat  isis  thethe  dynamicaldynamical  historyhistory  ofof  thethe  solarsolar

systemsystem??
•• WhatWhat  cancan  wewe  learnlearn  fromfrom  SolarSolar  SystemSystem

exploration about exploration about itsits formations  formations andand  evolutionevolution??
•• WhereWhere  shouldshould  wewe look for  look for lifelife in  in thethe  SolarSolar

System?System?



ChapterChapter 5:  5: HowHow do  do wewe fit in? fit in?
•• WhatWhat  cancan  thethe Sun  Sun teachteach us about  us about fundamentalfundamental

astrophysicalastrophysical  processesprocesses??
•• WhatWhat  isis  thethe structure  structure andand  thethe composition  composition ofof  thethe

««  quietquiet » »  solarsolar  atmosphereatmosphere  andand  windwind??
••   WhatWhat are  are thethe  fundamentalfundamental  mechanismsmechanisms  ofof  solarsolar

variabilityvariability on  on allall  scalesscales  andand  howhow  isis  itit  drivendriven??
•• WhatWhat  isis  thethe impact  impact ofof  SolarSolar  activityactivity on  on lifelife on  on EarthEarth? (? (seesee

commentscomments  fromfrom  HapgoodHapgood et  et alal))

•• 3 parts in 3 parts in eacheach section: section:
•• Background- Key questions Background- Key questions ––  ExperimentsExperiments

•• PresentPresent  draftdraft  focusedfocused on  on opticaloptical observations  observations andand MHD MHD
•• NeedNeed to go  to go beyondbeyond (radio, UV, X, in situ,  (radio, UV, X, in situ, kinetickinetic plasma plasma

physicsphysics))
•• NeedNeed to  to includeinclude  heliosphericheliospheric  andand  magnetosphericmagnetospheric

physicsphysics (a star  (a star andand  itsits  planetaryplanetary  environmentenvironment) (a ) (a fewfew
suggestions suggestions atat  thethe  endend))



ChapterChapter 5:  5: HowHow do  do wewe fit in? fit in?
•• WhatWhat  cancan  thethe Sun ( Sun (andand  thethe  heliosphereheliosphere  andand  thethe  terrestrialterrestrial

environmentenvironment) ) teachteach us about  us about fundamentalfundamental  astrophysicalastrophysical
processesprocesses??

•• SpecificSpecific inputs  inputs fromfrom  solarsolar  andand  heliosphericheliospheric  physicsphysics::
   In situ    In situ measurementsmeasurements  ofof  solarsolar  windwind  andand perturbations ( perturbations (andand

terrestrialterrestrial  environmentenvironment))

StudyStudy  ofof  processesprocesses  presentpresent in  in astrophysicalastrophysical  objectsobjects  withwith
complementarycomplementary sets  sets ofof  remoteremote  sensingsensing observations  observations atat
smallsmall  scalesscales  andand  ofof in situ  in situ measurementsmeasurements  ofof  particlesparticles  andand
fieldsfields

          magneticmagnetic  fieldfield  generationgeneration
          energyenergy conversion  conversion andand  particleparticle  accelerationacceleration in in

naturalnatural plasmas plasmas
                                            magneticmagnetic  reconnectionreconnection, turbulence, turbulence



Key questionsKey questions
 HowHow do global  do global stellarstellar dynamos  dynamos workwork??
 WhatWhat  isis  thethe  originorigin  ofof  stellarstellar  differentialdifferential rotation? rotation?
 WhatWhat  isis  thethe structure  structure ofof  thethe  magneticmagnetic  fieldfield  atat  thethe

solarsolar  polespoles??
 WhatWhat are  are thethe  fundamentalfundamental  processesprocesses  ofof

energyenergy  storagestorage  andand  energyenergy conversion on conversion on
smallsmall  scalesscales??

 HowHow  cancan  wewe  understandunderstand  thethe existence  existence ofof
««  hothot » »  outerouter  atmospheresatmospheres  andand  windswinds in  in thethe
Sun Sun andand  solar-likesolar-like stars? stars?



WhatWhat  isis  thethe structure  structure andand  thethe composition  composition ofof  thethe « «  quietquiet » »
solarsolar  atmosphereatmosphere  andand  windwind??

TheThe  solarsolar corona, if  corona, if MaxwellianMaxwellian, , isis  multi-multi-
temperaturetemperature plasma plasma

UbiquityUbiquity  ofof  non-thermalnon-thermal  particlesparticles in  in thethe  solarsolar  windwind,,
in in thethe  solarsolar corona?? corona??

OriginOrigin  ofof  thesethese  supra-thermalsupra-thermal populations in  populations in thethe
solarsolar  windwind, in , in thethe quiescent corona?? quiescent corona??

NeedNeed for a non MHD  for a non MHD viewview  ofof coronal  coronal heatingheating  andand
solarsolar  windwind  accelerationacceleration



WhatWhat  isis  thethe structure  structure andand  thethe composition  composition ofof  thethe « «  quietquiet » »
solarsolar  atmosphereatmosphere  andand  windwind??

 Key Key elementelement for  for thethe structure  structure ofof  thethe corona  corona andand  ofof  thethe
heliosphereheliosphere:  :  thethe  magneticmagnetic  fieldfield

    -     - measuredmeasured  atat  photosphericphotospheric  levelslevels
              somesome  measurementsmeasurements in  in thethe IR  IR andand in   radio in   radio

    - coronal B     - coronal B fieldfield  mostlymostly  unknownunknown::
     use      use ofof  potentialpotential or force  or force freefree  extrapolations  extrapolations

     -     -keykey  rolerole for coronal  for coronal heatingheating, , continualcontinual  magneticmagnetic
reconnectionreconnection  betweenbetween coronal  coronal holesholes  andand  neighbouringneighbouring
magneticmagnetic  fieldsfields , structure  , structure ofof  thethe  interplanetaryinterplanetary medium medium

NeedNeed for  for measurementsmeasurements  ofof coronal  coronal magneticmagnetic  fieldsfields  andand  ofof
more more realisticrealistic  modelsmodels for  for magneticmagnetic  fieldsfields in  in thethe corona corona



WhatWhat  isis  thethe structure  structure andand  thethe composition  composition ofof  thethe « «  quietquiet » »
solarsolar  atmosphereatmosphere  andand  windwind??

 DifferentDifferent  regionsregions  ofof  thethe Sun have  Sun have differentdifferent
elementalelemental composition ( composition (photospherephotosphere, corona,, corona,
solarsolar  windwind(s), (s), energeticenergetic  particlesparticles……))

 LowLow FIP  FIP elementselements 3-4  3-4 timestimes in  in thethe slow  slow windwind
comparedcompared to  to thethe  fastfast  windwind  wherewhere  abundancesabundances
are are nearlynearly  photosphericphotospheric..

 Spatial variation Spatial variation ofof coronal/ coronal/windwind  abundancesabundances::
open open problemproblem in  in solarsolar  physicsphysics



Key questionsKey questions
 WhatWhat  isis  thethe  elementalelemental composition  composition ofof  thethe corona  corona andand

howhow do  do thethe distribution  distribution functionsfunctions  ofof  differentdifferent  speciesspecies look look
likelike??

 WhatWhat  isis  thethe  rolerole  ofof  kinetickinetic  effectseffects  andand  wave-particlewave-particle
interactions for interactions for thethe  understandingunderstanding  ofof coronal  coronal heatingheating
((chromosphericchromospheric  heatingheating?)?)

 WhatWhat  isis  thethe coronal  coronal magneticmagnetic  fieldfield structure?  structure? HowHow  doesdoes
magneticmagnetic  reconnectionreconnection  contributecontribute to coronal  to coronal structuringstructuring
((e.g.e.g.  atat coronal  coronal holehole  boundariesboundaries)?)?

 How How isis  thethe  lowlow  atmosphereatmosphere  linkedlinked to  to thethe  heliosphereheliosphere??

 How How doesdoes  magneticmagnetic  fieldfield  emergeemerge  fromfrom  thethe convection convection
zone zone intointo  thethe corona? corona?



WhatWhat are  are thethe  fundamentalfundamental  mechanismsmechanisms  ofof
solarsolar  variabilityvariability on  on allall  scalesscales  andand  howhow  isis  itit

drivendriven??
 Go Go beyondbeyond  opticaloptical observations to  observations to includeinclude radio  radio andand in in

situ data, mention situ data, mention thethe existence  existence ofof  non-Maxwelliannon-Maxwellian
particleparticle populations populations

 Modulations Modulations ofof  thethe  solarsolar output  output mostmost  prominentprominent in  in thethe
higherhigher  atmosphericatmospheric  layerslayers (UV,  (UV, X-rayX-ray, radio), radio)

 ContinualContinual  evolutionevolution ( (restructuringrestructuring) ) ofof  thethe  solarsolar
atmosphereatmosphere  observedobserved in EUV ( in EUV (alsoalso  X-raysX-rays, radio) , radio) andand in in
situ in situ in thethe  windwind

 TransientTransient  eventsevents ( (flaresflares, , CMEsCMEs) EUV, ) EUV, X-raysX-rays radio , in radio , in
situ situ measurementsmeasurements

 NeedNeed  ofof a close  a close cooperationcooperation  betweenbetween  remoteremote  sensingsensing
andand in situ diagnostics in situ diagnostics



WhatWhat are  are thethe  fundamentalfundamental  mechanismsmechanisms  ofof
solarsolar  variabilityvariability on  on allall  scalesscales  andand  howhow  isis  itit

drivendriven??
 Non thermal Non thermal particleparticle populations are  populations are ubiquitousubiquitous in  in thethe

solarsolar  atmosphereatmosphere

 FlaresFlares :  : TheThe Sun  Sun isis a  a powerfulpowerful  particleparticle  acceleratoraccelerator :  : energeticenergetic
particlesparticles  upup to  to relativisticrelativistic  energiesenergies  maymay  bebe  producedproduced

 Production Production ofof  non-thermalnon-thermal populations in  populations in thethe  lowlow  andand  middlemiddle corona corona
linkedlinked  withwith  minorminor  activityactivity

 Non Non MaxwellianMaxwellian distributions in  distributions in thethe  solarsolar  windwind

••   ProcessesProcesses  suchsuch as  as shockshock  accelerationacceleration, , magneticmagnetic  reconnectionreconnection  cancan
bebe  investigatedinvestigated in  in detailsdetails  withwith  e.g.e.g. in situ  in situ measurementsmeasurements in  in thethe
EarthEarth’’s s magnetospheremagnetosphere  andand  solarsolar  windwind  andand a  a broadbroad range  range ofof  remoteremote
sensingsensing techniques in  techniques in thethe  solarsolar  atmosphereatmosphere



Key questionsKey questions
 WhatWhat are  are thethe sources  sources ofof  energeticenergetic  particlesparticles in  in thethe  solarsolar

atmosphereatmosphere? ? WhatWhat  isis  thethe  rolerole  ofof  smallsmall  scalesscales  processesprocesses,,
ofof  shocksshocks in  in thethe  flareflare  accelerationacceleration  processprocess??

 HowHow do coronal  do coronal energyenergy release sites couple  release sites couple withwith  lowerlower
atmosphericatmospheric  layerslayers? ? HowHow  isis  thethe  energyenergy  transportedtransported  fromfrom
thethe corona to  corona to thethe  chromospherechromosphere ( (photospherephotosphere) ) duringduring
flaresflares??

 WhatWhat  determinesdetermines  energyenergy partition  partition betweenbetween plasma plasma
heatingheating, , particleparticle  accelerationacceleration, , massmass motions  motions andand  CMEsCMEs??
Can Can wewe  understandunderstand  thethe large fraction  large fraction ofof  flareflare  energyenergy
goinggoing to  to non-thermalnon-thermal  particlesparticles??

 HowHow do  do CMEsCMEs affect  affect thethe  interplanetaryinterplanetary  andand  terrestrialterrestrial
((planetaryplanetary) ) magneticmagnetic  fieldsfields??



RecommendationsRecommendations  chapterchapter 6 6
 MeasureMeasure B  B andand V in  V in thethe Sun Sun’’s convective s convective interiorinterior  andand  atmosphereatmosphere
 DetectDetect  andand  identifyidentify  thethe  mechanismmechanism by  by whichwhich  energyenergy  isis  transferredtransferred  fromfrom

thethe surface to  surface to thethe  atmosphereatmosphere  andand  eventuallyeventually  acceleratesaccelerates  thethe  solarsolar
windwind

 CharacterizeCharacterize  thethe distribution  distribution functionfunction  ofof  particleparticle populations in  populations in thethe quiet quiet
andand active  active solarsolar  atmosphereatmosphere  andand  identifyidentify  thethe  mechanismmechanism  ofof  particleparticle
accelerationacceleration

 Principal Principal facilitiesfacilities
Large aperture 3-5m Large aperture 3-5m solarsolar  telescopetelescope  withwith AO  AO andand  spectro-polarimetersspectro-polarimeters
SpaceSpace mission  mission suchsuch as  as SolarSolar Orbiter: in situ  Orbiter: in situ measurementsmeasurements close to  close to thethe

Sun Sun combinedcombined  withwith  remoteremote  sensingsensing  capabilitiescapabilities  andand  capabilitiescapabilities  ofof
observingobserving polar  polar regionsregions

Radio spectral Radio spectral imagingimaging  overover an  an extendedextended spectral range (cm to m) to spectral range (cm to m) to
measuremeasure coronal B,  coronal B, identifyidentify sites  sites ofof  particleparticle  accelerationacceleration in  in flaresflares, , andand
tracktrack travelling  travelling disturbancesdisturbances in  in thethe corona  corona towardstowards  thethe  interplanetaryinterplanetary
medium)medium)



RecommendationsRecommendations  chapterchapter 6 6

 SupportingSupporting  facilitiesfacilities::

-- Monitoring Monitoring ofof  flareflare  emissionsemissions: crucial observations for : crucial observations for thethe
understandingunderstanding  ofof  solarsolar  disturbancesdisturbances  andand impact on  impact on thethe
heliosphereheliosphere  andand  spacespace  weatherweather  activitiesactivities: H alpha, : H alpha, broadbroad
range range ofof radio  radio wavelengthswavelengths

-- Radio Radio interferometersinterferometers  suchsuch as ALMA  as ALMA andand LOFAR to LOFAR to
studystudy  thethe quiet  quiet andand active Sun  active Sun withwith  highhigh spatial  spatial andand
temporal temporal resolutionresolution  andand  provideprovide diagnostics  diagnostics fromfrom  thethe  lowlow
chromospherechromosphere to  to thethe  highhigh corona. corona.



MagnetosphericMagnetospheric  physicsphysics
WhatWhat  isis  thethe  rolerole  ofof  thethe  magneticmagnetic  andand  atmosphericatmospheric  shieldsshields in  in thethe

developmentdevelopment  ofof  thethe  lifelife on  on EarthEarth? ? ComparisonComparison  withwith  otherother  planetsplanets
ofof  thethe  solarsolar system? system?

SpecificSpecific inputs to  inputs to commoncommon  astrophysicalastrophysical  processesprocesses::

MagneticMagnetic  reconnectionreconnection  andand  particleparticle  accelerationacceleration --  -- multispacecraftmultispacecraft
measurementsmeasurements  atat  differentdifferent  scalesscales: : electronelectron, ion , ion gyroradiigyroradii (a  (a fewfew km to a km to a
fewfew 1000 km in  1000 km in thethe plasma  plasma sheetsheet))

                                largerlarger  scalesscales (MHD  (MHD scalesscales) 10000km) 10000km
Turbulence: Turbulence: energyenergy dissipation  dissipation fromfrom large  large scalesscales to  to smallsmall  scalesscales

ExperimentsExperiments: CLUSTER (large : CLUSTER (large scalesscales))
                       THEMIS (NASA SMEX) 2007                       THEMIS (NASA SMEX) 2007
                       MMS (                       MMS (smallsmall  scalesscales))
                      CROSS SCALE (                      CROSS SCALE (smallsmall, medium , medium andand large  large scalesscales))

                                            Ground-basedGround-based  experimentsexperiments: : SuperDARNSuperDARN/EISCAT radars/EISCAT radars
                                              ionosphericionospheric convection,  N, T, V  convection,  N, T, V withwith  heightheight


