
Lecture on June 21, 
by Rainer Schwenn

a) Coronal mass ejections (CMEs)
• History, examples, definition of terms
• Balloon type CMEs and halos
• Typical CME properties during the activity cycle
• The relationship between CMEs and flares
• Where is the shock in coronagraph data?
• CMEs, shocks, ejecta clouds: a strange

metamorphosis!
b) Rainer’s catalog of ignorance



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?

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 15 years mission time, By the way: In 15 years mission time, 
SOHO has seen more than 2000 little SOHO has seen more than 2000 little 

comets and some 15,000 CMEs…comets and some 15,000 CMEs…



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)

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

1.4.  Which role do flares play for CMEs‘ onset and further fate?



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. Are 2. Are therethere different different typestypes of CMEs?of CMEs?

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



2.1.  Are 2.1.  Are therethere different different accelerationacceleration mechanismsmechanisms at at workwork??

2. Are 2. Are therethere different different typestypes of CMEs?of CMEs?

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..

2.2.  2.2.  HowHow smallsmall areare thethe smallestsmallest CMEsCMEs??

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



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



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?

The filament has been sitting there for
severel day, before it suddenly erupted! 

Why?



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 have have 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?



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



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



The problem: The problem: 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



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??
5.5.  Moreton- and EIT waves, coronal dimmings, radio type II&III 

bursts, energetic particles – is there a consistent scenario? ^̂

The CME shock runs ahead 

of and simultaneously to

the metric type II shock.

They cannot be the same!



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??
6.4.  6.4.  WhatWhat isis thethe seedseed populationpopulation forfor SEPsSEPs??

East limb event: 
badly connected

West limb event: 
well connected

WE



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??



7.1 7.1 WhyWhy areare notnot all ejecta all ejecta cloudsclouds also also magneticmagnetic cloudsclouds??

7.2. 7.2. WhereWhere and and howhow longlong do ICMEs do ICMEs actact as as shockshock driversdrivers??

7.3  7.3  WhyWhy do do wewe find He+ so find He+ so rarelyrarely in in ICMEsICMEs??

7.4. 7.4. WhatWhat do do abundanceabundance and and ionizationionization statestate
mesurementsmesurements telltell usus aboutabout thethe ICMEsICMEs‘ ‘ originorigin??

7.5.  7.5.  WhatWhat doesdoes bibi--directionaldirectional streamingstreaming reallyreally meanmean??

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

H
+
He2
+
He+



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?
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