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In recent years, an unprecedented amount of highIn recent years, an unprecedented amount of high--quality data from various quality data from various 
spaceprobesspaceprobes (Yohkoh, WIND, SOHO, ACE, TRACE, Ulysses) has been piled up tha(Yohkoh, WIND, SOHO, ACE, TRACE, Ulysses) has been piled up that t 

exhibit the enormous variety of CME properties and their effectsexhibit the enormous variety of CME properties and their effects on the whole on the whole 
heliosphere. Journals and books abound with new findings on thisheliosphere. Journals and books abound with new findings on this most exciting most exciting 

subject. However, major problems could still not be solved. In tsubject. However, major problems could still not be solved. In this Reporter Talk I his Reporter Talk I 
will try to describe these unresolved issues in context with ourwill try to describe these unresolved issues in context with our present knowledge.present knowledge.
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CME: coronal -------- mass ejection,
not: coronal mass -------- ejection!

The The definitiondefinition of a CMEof a CME
"We define a "We define a coronal mass ejection (CME)coronal mass ejection (CME) to be an observable to be an observable 
change in coronal structure that occurs on a time scale of a fewchange in coronal structure that occurs on a time scale of a few minutes and minutes and 
several hours and involves the appearance (and outward motion, Rseveral hours and involves the appearance (and outward motion, RS) of a new, S) of a new, 

discrete, bright, whitediscrete, bright, white--light feature in the coronagraph field of view." (Hundhausen light feature in the coronagraph field of view." (Hundhausen 
et al., 1984, similar to the definition of "mass ejection eventset al., 1984, similar to the definition of "mass ejection events" by Munro et al., " by Munro et al., 

1979).1979).

The community has chosen to keep the name “CME”, although the moThe community has chosen to keep the name “CME”, although the more re 

precise term precise term “solar mass ejection”“solar mass ejection” appears to be more appears to be more 
appropriate. appropriate. 

In In particularparticular, a CME is NOT an, a CME is NOT an
EjecciónEjección de de MasaMasa CoronalCoronal (EMC),(EMC),

EjectieEjectie de de MasMasåå CoronalåCoronalå,,
EiezioneEiezione didi MassaMassa CoronaleCoronale
ÉjectionÉjection de Masse de Masse CoronaleCoronale

An An ICME ICME is the is the interplanetryinterplanetry counterpartcounterpart of a CMEof a CME
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1. The 1. The onsetonset of of coronalcoronal massmass ejectionsejections
1.1.   1.1.   WhichWhich prepre--eventevent signaturesignature signalssignals an an impendingimpending CME ?CME ?

1.2.  1.2.  WhatWhat is the is the actualactual triggertrigger of a CME?of a CME?

Two small cometsTwo small comets werewere
evaporating near the Sun. A evaporating near the Sun. A 

few hours later a huge few hours later a huge 
ejection occurejection occurredred. . 

Coincidence?Coincidence?
No!  No!  SaysSays Dan Baker...Dan Baker...

1. The 1. The onsetonset of of coronalcoronal massmass ejectionsejections

On On OctoberOctober 28, 2003, in 28, 2003, in conjunctionconjunction withwith a a 
X13 X13 flareflare, , therethere occurredoccurred a a giganticgigantic CMECME . . 

8 hours earlier a little comet had 8 hours earlier a little comet had 
evaporated!evaporated! Coincidence?Coincidence?

By the way: In 10 years mission time, By the way: In 10 years mission time, 
SOHO has seen more than 1000 little SOHO has seen more than 1000 little 

comets and some 10,000 CMEs…comets and some 10,000 CMEs…
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Kahler & Moses, 1990Kahler & Moses, 1990

Bravo 1995

1.3. Is 1.3. Is proximityproximity of of coronalcoronal hole hole boundaryboundary stimulatingstimulating CME?CME?

The The ideaidea::
EmergingEmerging looploop nearnear CH CH boundaryboundary

reconnectsreconnects withwith CH CH openopen fieldfield lineline
and and thusthus shiftsshifts CH CH boundaryboundary..

((RemnantRemnant of of Hewish‘sHewish‘s ideaidea: : 
CHsCHs --> „eruptive > „eruptive streamsstreams“ “ --> CMEs)> CMEs)

Wang & Wang & SheeleySheeley, 2004, 2004

MaintenanceMaintenance of of rigidrigid
rotation rotation byby „„footpointfootpoint

switchingswitching

1. The 1. The onsetonset of of coronalcoronal massmass ejectionsejections

At least, coronal holes do deflect CMEs towards solar equator!

Conclusion:
The larger coronal holes are, 
the more they can deflect

CMEs

Cremades, 2005Cremades, 2005

1. The 1. The onsetonset of of coronalcoronal massmass ejectionsejections
1.3. Is 1.3. Is proximityproximity of of coronalcoronal hole hole boundaryboundary stimulatingstimulating CME?CME?
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Time separation between Time separation between 
flares and correlated CMEsflares and correlated CMEs

1. The 1. The onsetonset of of coronalcoronal massmass ejectionsejections
1.4.  Which role do flares play for CMEs‘ onset and further fate?

•• FlaresFlares areare localizedlocalized shortshort--durationduration
explosionsexplosions in the solar in the solar atmosphereatmosphere, , seenseen
in in visiblevisible light, EUV, Xlight, EUV, X-- and and GammaGamma--raysrays..

•• CMEs CMEs areare largelarge--scalescale expulsionsexpulsions of of hugehuge
plasmaplasma cloudsclouds thatthat maymay drivedrive shockshock waveswaves..

•• FlaresFlares and CMEs and CMEs oftenoften occuroccur in in closeclose
temporal temporal contextcontext..

Harrison, 199?

CMEs first Flares first 

The simple but important conclusions: flares occurring after theThe simple but important conclusions: flares occurring after their associated ir associated 
CMEs cannot be their cause, quite logically.CMEs cannot be their cause, quite logically.

For For illustrationillustration: the explosive : the explosive onsetonset of a CME, in of a CME, in closeclose contextcontext withwith a a flareflare::

For this CME on For this CME on May 8, 19May 8, 1999 we were lucky99 we were lucky to observe the onset in great detailto observe the onset in great detail, , 
usingusing datadata fromfrom severalseveral instrumentsinstruments: MICA, SUMER, EIT: MICA, SUMER, EIT

The MICA coronagraph took 
an image every half minute!

1. The 1. The onsetonset of of coronalcoronal massmass ejectionsejections
1.4.  Which role do flares play for CMEs‘ onset and further fate?

EIT images, taken every 12 minutes
The SUMER slit happened to be
in the “right” location. 

InnesInnes et al., 2001et al., 2001
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Expansion speeds up to 600 
km/s in all directions were 

measured. That indicates 3-D 
explosive reconnection at a site 

in the corona!

Line-of-sight plasma speeds 
from SUMER spectra, and 
MICA radial speed data fit 

together:

1. The 1. The onsetonset of of coronalcoronal massmass ejectionsejections
1.4.  Which role do flares play for CMEs‘ onset and further fate?

Flares and CMEs are probably symptoms of a more Flares and CMEs are probably symptoms of a more 
basic basic “magnetic disease”“magnetic disease” of the sun.of the sun.

Harrison, private 
communication, 2000

InnesInnes et al., 2001et al., 2001

The The bandwidthbandwidth of CME of CME propertiesproperties ((speedspeed, , accelerationacceleration profilesprofiles, , sizessizes, , 
eventevent associationsassociations, etc) is , etc) is enormousenormous. . ItIt is is hardhard to to conceiveconceive thatthat theythey

areare all all duedue to the to the samesame releaserelease and and accelerationacceleration mechanismsmechanisms..

This balloon took some 30 This balloon took some 30 
hours to finally take off! hours to finally take off! It It 

was the offspring of an was the offspring of an 
eruptive prominence. eruptive prominence. 

2. Different 2. Different typestypes of CMEs?of CMEs?

ThisThis extremelyextremely fast fast limblimb CME of Nov. CME of Nov. 
10, 2004, 10, 2004, wentwent to 30 to 30 RsRs in 2 in 2 hourshours!!
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2.1.  Are 2.1.  Are therethere different different accelerationacceleration mechanismsmechanisms at at workwork??

2.2.  2.2.  HowHow smallsmall areare the the smallestsmallest CMEs?CMEs?

2.3.  2.3.  HowHow areare the the ejectedejected plasmaplasma cloudsclouds integratedintegrated intointo the solar wind?the solar wind?

“Balloon”“Balloon”--type CMEs take up speed type CMEs take up speed 
slowly, like the ambient slow solar windslowly, like the ambient slow solar wind

2. Different 2. Different typestypes of CMEs?of CMEs?

SrivastavaSrivastava, 1999, 1999ThisThis extremelyextremely fast fast limblimb CME of Nov. CME of Nov. 
10, 2004, 10, 2004, wentwent to 30 to 30 RsRs in 2 in 2 hourshours!!

Note the small number of slow CMEs! The increased sensitivity of the modern instrumentation has NOT increased the number of slow, faint CMEs.

Histogram of apparent front Histogram of apparent front 
speedspeeds s of 640 CMEs,of 640 CMEs,

observed by observed by LASCOLASCO on on SOHOSOHO

2.4.  Is 2.4.  Is therethere a a continuouscontinuous spectrumspectrum of CME of CME propertiesproperties??

St.CyrSt.Cyr et al., 2000et al., 2000

2. Different 2. Different typestypes of CMEs?of CMEs?
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3.1.   3.1.   HowHow to to interpretinterpret the the variousvarious commonlycommonly observedobserved featuresfeatures of CMEs?of CMEs?

3.2.  3.2.  WhereWhere wouldwould a a shockshock front front bebe in in coronagraphcoronagraph imagesimages? ? HowHow far far aheadahead
of the of the brightbright looploop and and howhow far far extendedextended??

3. 3. WhatWhat is the is the topologytopology of CMEs?of CMEs?

The majority of CMEs has a clearly discernible 4-part 
structure. Str.1 and the shock itself remain invisible, but... 

1
2
3 4

VourlidasVourlidas, 2003, 2003
CiaravellaCiaravella, 2005, 2005 Sheeley,2000Sheeley,2000

A CME with an erupting prominence, observedA CME with an erupting prominence, observed
on June 2nd, 1998.on June 2nd, 1998.

3.3.  3.3.  HowHow longlong beforebefore a CME a CME eruptioneruption is the is the bigbig looploop formedformed? ? DoesDoes itit hold the hold the 
stuffstuff down down untiluntil itit eruptserupts oror is is itit formedformed as as partpart of the of the eruptioneruption processprocess??

3. 3. WhatWhat is the is the topologytopology of CMEs?of CMEs?
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3.4.  Is the 3.4.  Is the brightbright whitewhite looploop partpart of the ejecta, of the ejecta, i.ei.e., ., doesdoes itit actact as as driverdriver oror
is is itit drivendriven itselfitself??

3.5.3.5. WhereWhere and and whenwhen areare the the looploop legslegs everever disconnecteddisconnected??

3.6.3.6. Are the Are the cavitycavity and the and the brightbright kernelkernel separate separate entitiesentities oror areare theythey bothboth
partsparts of one of one bigbig fluxflux roperope??

3.7.3.7. Do all Do all eruptingerupting streamersstreamers havehave cavitiescavities? ? 

3.8.3.8. WhatWhat do the do the downflowdownflow eventsevents and and collapsingcollapsing
loopsloops meanmean??

3. 3. WhatWhat is the is the topologytopology of CMEs?of CMEs?

Tripathi, 2005Tripathi, 2005

Wang and Wang and SheeleySheeley, 1999 ff, 1999 ff

4.1.  4.1.  WhatWhat is the is the observationalobservational evidenceevidence forfor reconnectionreconnection to to occuroccur??
CandidatesCandidates: : XX--rayray brighteningsbrightenings, , 

radioradio signaturessignatures, , 
massmass motionsmotions,,
energeticenergetic particlesparticles, , 
othersothers......

4.2.  4.2.  WhereWhere doesdoes reconnectionreconnection occuroccur??
On On toptop of of coronalcoronal loopsloops (Radio!)?(Radio!)?
OrOr behindbehind in order to in order to cutcut off off fluxflux roperope? ? 
In the In the currentcurrent sheetsheet on on toptop of of postpost--flareflare loopsloops??

4. The 4. The rolerole of of reconnectionreconnection forfor CMEsCMEs
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4.3.4.3. WhenWhen doesdoes reconnectionreconnection occuroccur in the CME in the CME processprocess??

4.4.4.4. WhatWhat exactlyexactly is the is the rolerole of of reconnectionreconnection: : triggertrigger, , driverdriver, , oror meremere
sequelsequel??

4.5.4.5. HowHow, , wherewhere and on and on whichwhich time time scalesscales is the is the newnew fluxflux openedopened byby a a 
CME CME compensatedcompensated byby appropriateappropriate reconnectionreconnection??

4. The 4. The rolerole of of reconnectionreconnection forfor CMEsCMEs

The „The „breakoutbreakout modelmodel“ “ 
forfor CMEsCMEs

Antiochos, 1998

CrookerCrooker et al., 2002et al., 2002

The The problemproblem: : EmergingEmerging bipolar bipolar loopsloops breakbreak openopen in in 
CMEs and CMEs and keepkeep addingadding fluxflux to the IMF. to the IMF. HowHow is is 

thatthat everever compensatedcompensated??

InterchangeInterchange reconnectionreconnection mightmight
happenhappen herehere!!

InterchangeInterchange reconnectionreconnection
mightmight helphelp to to maintainmaintain CH CH 
rigidrigid rotation rotation aboveabove the the 
differentiallydifferentially rotatingrotating

photospherephotosphere

4.6. 4.6. HowHow is the „is the „fluxflux catastrophycatastrophy“ “ avoidedavoided??

4. The role of reconnection for CMEs
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5. 5. ShockShock waveswaves fromfrom flaresflares and CMEsand CMEs
5.1.  5.1.  WhereWhere areare shockshock waveswaves actuallyactually beingbeing formedformed??

5.2.  Are 5.2.  Are shocksshocks fromfrom flaresflares blast blast waveswaves, , qualitativelyqualitatively different different fromfrom
drivendriven CME CME shocksshocks??

5.3.  Do 5.3.  Do flareflare shocksshocks eventuallyeventually die out, and die out, and wherewhere??

5.4.  Do 5.4.  Do flareflare shocksshocks catch up catch up withwith ejecta and CME ejecta and CME shocksshocks??

The CME shock runs ahead 

of and simultaneously to

the metric type II shock.

They cannot be the same!

Klassen, 1999

Wagner&McQueenWagner&McQueen, 1983, 1983

EIT waves are 

usually much slower

than type II waves

EIT waves are NOT 

the coronal shock 

waves causing radio 

bursts 

5. 5. ShockShock waveswaves fromfrom flaresflares and CMEsand CMEs
5.5.  Moreton- and EIT waves, coronal dimmings, radio type II&III bursts, 

energetic particles – is there a consistent scenario?  



11

6. 6. ParticleParticle accelerationacceleration ((SEPsSEPs))
6.1.  6.1.  WhereWhere, , whenwhen and and howhow areare particlesparticles acceleratedaccelerated??

6.2.  Are 6.2.  Are therethere twotwo ((oror eveneven moremore) ) classesclasses of of SEPsSEPs??

6.3.  6.3.  InjectionInjection of of SEPsSEPs on far on far distantdistant fieldfield lineslines: : transporttransport oror locallocal
accelerationacceleration??

East limb event: 
badly connected

West limb event: 
well connected

6. 6. ParticleParticle accelerationacceleration ((SEPsSEPs))
6.4.  6.4.  WhatWhat is the is the seedseed populationpopulation forfor SEPsSEPs??

CannibalCannibal CMEs? CMEs? GopalswamyGopalswamy, 2000?, 2000?
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7. The 7. The transformationtransformation of CMEs of CMEs intointo ICMEsICMEs

1
2

3 4

The The majoritymajority of CMEs has a of CMEs has a clearlyclearly discerniblediscernible multimulti--partpart structurestructure. . ButBut mostmost
ICMEs ICMEs exhibitexhibit a a veryvery different different twotwo--partpart structurestructure: a : a shockshock--compressedcompressed

sheathsheath layerlayer followedfollowed byby a a ratherrather homogeneoushomogeneous lowlow betabeta plasmaplasma, , withwith severalseveral
otherother characteristiccharacteristic signaturessignatures („(„driverdriver gas“, „gas“, „pistonpiston“). “). 

7.1.  7.1.  HowHow is the CME is the CME structurestructure transformedtransformed intointo the ICME the ICME structurestructure??

Bame, 1979Bame, 1979

BorriniBorrini, 1982, 1982

7.1.  7.1.  HowHow bigbig in in extentextent areare shockshock frontsfronts comparedcompared to ICMEs?to ICMEs?

7.2. 7.2. WhyWhy areare notnot all ejecta all ejecta cloudsclouds also also magneticmagnetic cloudsclouds??

7.3. 7.3. WhereWhere and and howhow longlong do ICMEs do ICMEs actact as as shockshock driversdrivers? ? 

7. The 7. The transformationtransformation of CMEs of CMEs intointo ICMEsICMEs
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7.47.4 WhyWhy do do wewe find Hefind He++ enhancementsenhancements so so rarelyrarely in in 
ICMEs?ICMEs?

7.5. 7.5. WhatWhat do do abundanceabundance and and ionizationionization statestate
mesurementsmesurements telltell usus aboutabout the ICMEs‘ the ICMEs‘ originorigin??

7.6.  7.6.  WhatWhat doesdoes bibi--directionaldirectional streamingstreaming reallyreally meanmean??

H+

He2+

He+

7. The 7. The transformationtransformation of CMEs of CMEs intointo ICMEsICMEs

Strahl electrons

Flux rope

Magnetic bottle

Plasmoid,
magnetic cloud Schwenn, 1980

8.The 8.The extentextent of of shockshock frontsfronts, ejecta, and SEP , ejecta, and SEP fluxesfluxes

8.1.  8.1.  HowHow far far aroundaround the Sunthe Sun do ICMEs and SEP do ICMEs and SEP fluxesfluxes extendextend??

8.2.  8.2.  HowHow irregularirregular areare the the shockfrontsshockfronts duedue to to locallocal shockshock speedspeed differencesdifferences??

8.3. Are 8.3. Are shockshock frontsfronts continuouscontinuous surfacessurfaces all all aroundaround??

8.4. 8.4. AccelerationAcceleration & & decelerationdeceleration processesprocesses
throughoutthroughout the heliosphere?the heliosphere?

Watanabe, 199?Watanabe, 199?
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The The traveltravel time of ICME time of ICME drivendriven shockshock frontsfronts fromfrom the Sun to the the Sun to the 
locationlocation of of HeliosHelios 1 1 vsvs the CME radial the CME radial speedspeed VVradrad. . 

From Helios in situ

From P 78-1 coronagraph

Note the substantial scatter!
• CME speeds may not have been measured 

sufficiently well,
• Helios was not always hit by the fastest 

parts of ICMEs,
• ICMEs travel through different ambient 

solar wind.

8.4. 8.4. AccelerationAcceleration & & decelerationdeceleration processesprocesses throughoutthroughout the heliosphere?the heliosphere?

8.The 8.The extentextent of of shockshock frontsfronts, ejecta, and SEP , ejecta, and SEP fluxesfluxes

ThisThis is is whywhy forecastingforecasting ICME ICME arrivalarrival timestimes is is inherentlyinherently uncertainuncertain,,
eveneven ifif wewe couldcould exactlyexactly measuremeasure the radial CME the radial CME speedspeed nearnear the Sun!the Sun!

Schwenn et al., 2005Schwenn et al., 2005

CMEs, solar wind and SunCMEs, solar wind and Sun--Earth Earth 
connections: connections: unresolved unresolved issuesissues
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