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ABSTRACT

Context. In the solarcorona,shocksareformedwhenthe speedof a disturbanceexceedsthe local magnetosonispeedin the active region
coronathe Alfv énspeedcandropto a few hundredknv/s, but globally it is muchhigher Therehasbeena long debateon whetherthe shocks
responsibldor typell burstsarecreatedy bow shocksin front of coronalmassejections(CMESs), shocksin the anks of CMEs, or by are
(blast)waves.

Aims. We study the alternatve explanationsfor type Il burstsin eventswherewe have a slov CME, are(s), and associatedype Il burst
emission.

Methods. We usemulti-wavelengthobsenrationsto analysethe height—timeevolution of CMEs and compareit with the evolution of shock
signaturesn radioandEUV.

Results. Three are-associatedhalo-typeCME eventswereobsened on October30, 2004.Velocity estimate€260, 325,and920 kn/s) from
the rst plane-of-the-sk CME leadingfront obserationssuggestedhatthe rst two werevery slov comparedo halo CMEs, on average.
The CMEswereassociateavith ares (M4.2, X1.2,andM5.9) andeacheventwasalsoassociatedvith coronal(metric)typell emissionthat
is known to be a signatureof a propagatingshockfront. After the are starts,loop displacementand large-scaledimmingswere obsered
in EUV. The two slow halo CMEs startedas lament eruptions,but the CME velocitiesandor bulk motionswerea ectedat the times of
ares. We nd supportfor theideathatthe causeof metrictypell burstsin thesetwo eventsis are-related.The later CME velocity changes
(acceleratioraround4-5 solarradii) could alsobe explainedby eruptionsassociatedvith later ares. The repeatinghomologousare—halo

CME eventsindicatea restoratiorof the samelarge-scalestructureswithin 5-6 hours.

Key words. Sun— ares — laments — shockwaves— coronalmassejections

1. Intr oduction

Coronalmassejections(CMES) are enegy releaseprocesses
thatcanleadto a signi cant expulsionof massfrom the Sun.
However, it is still poorly understoochow CMEs areformed.
TherelationshipbetweerCMEs, ares, typell radioburstsand
wave phenomenaias beenunderdebatefor a long time. A
goodtiming agreemenhasbeenfound betweerthe impulsive
phasesf ares andmetrictypell bursts(e.g.,Harvey 1965
Vrsnaket al. 1995 Klassenet al. 1999 2003, aswell asbe-
tweenMoretonwavesandtype lIs (e.g.,Hudsonet al. 2003
Warmuthet al. 2004a 2004band referencegherein). There
is alsoquite goodsynchronizatiorbetweenCME acceleration
andthe impulsive phasesf ares (Zhanget al. 2001, 2004
Vrsnaketal. 2004 andreferencesherein).Becausef theseijt
is oftendi cult to decidewhethera coronalshock(indicated
by ametrictypell burst)is ignitedby a are or if it is driven
by aCME. Wu etal. (20049 have suggestethatdi erenttypes
of initiation processedn a “standard”prominencecon gura-
tion could determineif a CME becomedastor slow, andthe
fast are/slow non- are CME classi cation hasalsobeenre-

cently questionedby Vrsnaket al. (2005. Massie velocity
changesand exponentialgrowth in the CME speedhasbeen
suggestedo explain the large speeddi erenceshetweenthe
rising ux ropesat low altitudesandthe later obserned CME
fronts (Vrsnak2001a Shanmugarajet al. 2003 Gallagheret
al. 2003 and referencegherein).ln somecasesthe obtained
kinematiccurvescanbe quitepeculiar(Go etal.2005.

“Halo” type CMEsassociateavith ares areof specialin-
terestsincetheir signaturescan be obsened directly on the
disk (Zarro et al. 1999 Webb et al. 200Q Pohjolainenet al.
2001, Harra& Sterling2001, Jing et al. 2004 Pohjolainenet
al. 20095. SometimeshomologousCME/ are eventshappen
in closesuccessionand then questionsarise on their trigger
mechanisnandon how the eld canrestoretself onshorttime
scalegChertoketal. 2004 Zhang& Wang2002 homologous
CMEs 7-10 hoursapart;Moon et al. 2002 homologousares
lessthan one hour apart).Halo CMEs are known to be very
fast, the measuredapparentspeedsare 957 km s * on aver
age (Yashiroet al. 2004, which is twice the speedof “nor-
mal” CMEs. Speedestimationcan, however, bedi cult (see
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Micha eketal. 2003, asCMEsareobseredasscatteredight
ontheplaneof thesky. Usingbothwhite light andradioobser
vationsthe “true” speed$iave in somestudiesbeenestimated
to be higherthanthe measuregblane-of-sk speedgReineret
al. 2003.

Solarradiotypell burstsarethoughtto be causecby MHD
shockwavespropagatinghroughthecoronaandinterplanetary
medium(e.g.Nelson& Melrosel985. Both are (blast)waves
andpiston-drivenbow shockscouldbethedrivers.Thereis dis-
cussionof whethercoronalmetrictypell burstsandinterplan-
etarydecametric-hectometr{®H) typell burstsarerelatedat
all (see,e.g.,Cane& Erickson2005 Mancuso& Raymond
2004 Reineret al. 2001). The usualmetric type Il burst fre-
queng drifts arein therangeof 0.1-1.0MHz s !, andthe de-
rivedburstexciterspeed$ave beenestimatedo bein therange
of 400-200&kms * (Nelson& Melrose1985. Thewide speed
rangemainly re ects the problemof transformingfrequeng
drifts into speedasingdi erentatmospheriaensitymodels,
especiallyatlow atmospheritieights.

Only asmallnumberof ares andCMEsareaccompanied
by type Il bursts,but almostall type Il burstsare associated
with ares andCMEs(seeg, e.g.,Cliveretal. 1999. Flarechar
acteristicsandtype Il burstparameterdiave shavn good cor
relation(see.e.g.,Vrsnak2001h. A goodcorrelationhasalso
beenfound betweenthe CME speedsandthe inferred speeds
of DH type |l bursts,contraryto metrictypells (Reineret al.
200)). FurthermoreCMEs associatedvith DH type Il bursts
arefoundto begenerallyfasterandwiderthanthoseassociated
with metrictypell bursts(Gopalsvamyetal. 200Q Laraetal.
2003. A “timing problem”hasbeenobsenedbetweenCMEs
andtypell bursts,asCME launchtime estimatesaremuchear
lier thanthe associatedypell onsettimes(Cliveretal. 20095.
Cliveretal. suggesthatrapid CME acceleratiorcouldstill act
asthe principaldriver for metrictypell burstsinsteadof are
blast wavedejecta. The leading edgesof lament-associated
CMEsacceleratgradually to speeddypically in the rangeof
400-600km s ! (Sheelg et al. 1999. Obsenationsof accel-
erating laments at the time of an associatedare have been
reportedby, e.g.,Qiu et al. (2001), Kunduet al. (2004, and
Sterling& Moore(2005, butin thesecaseghevelocity change
happenat low heightswhenthe are siteandthe lament are
separatedby lessthan 0.5R .

This paperpresentsanalysison the relationshipbetween
CMEs, ares, andtypell burstsin threehalo-typeCME events
thatoriginatedfrom thesameactive regiononly 5-6 hoursapart
onthe sameday Sections? and3 describethe obseredchar
acteristicaandin Sectiord we presenta summaryResultsand
discussiorarepresentedn Sectionb.

2. Repeated are—halo CMEs on October 30, 2004

Three halo-type CMEs were recorded by the Solar and
Heliospheric Observatory (SOHO) Large Angle and
SpectrometricCoronagrap{LASCO) experiment(Brueckner
et al. 1995 on October30, 2004. The halo CMEs shaved
clear brightness asymmetry: the heliocentric distance of
each CME was roughly the samein all directions,but the
CME brightness was signi cantly di erent. In the rst

Fig.1. The rst appearancesf the three homologous-lookinghalo
CMEs with brightnessasymmetryon October30, 2004. The CMEs
were rst detectecdhy LASCO C2 at 06:54UT, 12:30UT, and16:54
UT. Theimagesshav our methodof estimatingthe CME speedsthe
distancesrom the Suncenterto the front locationswere measured
alongseveral di erentradials.Radialswere selectedvhenthe front
shaveddistinctive featureghatcouldbeidenti ed in thenext LASCO
image.

LASCO imagesall the halo-type CMEs had the appearance
of a bright and wide raggedloop front over the West limb,
see Fig. 1 and the data in the LASCO CME Catalog at
http://cdaw.gsfc. nasa.gov/ CMHist/ . According to
the Catalog,the halo CMEs were rst obsened at 06:54UT
(plane-of-the-sk leadingfront at heliocentricheight3.3R ),
at 12:30(leadingfront at 3.2R ), andat 16:54 UT (leading
front at 3.0R ). The estimatedvelocities from the leading
front locationsusingthe rst two measurementsf eachevent,
06:54-07:31UT, 12:30-12:54JT, and16:54-17:08JT, were
260 km s 1, 325km s ! and 920 km s 1, respectiely. The
halo-typeCMEsarelistedin Tablel as“Halol1”, “Halo2", and
“Halo3".

A slow (estimatedspeedl30km s 1) faint CME hadlifted
o well beforeHalol, it is listedas“CME1" in Tablel. The
CMEL1 propagatedowards the West, and it had reacheda
heightof 5 R atthetime of Halol detection.The height-
timepro les of CME1andHalolindicatethattheleadingfront
of Halolwould overtalethe CME1frontaroundd9:00UT near
6.5R , seeFig. 2.

In betweerHalol andHalo2 afastCME (“CME2") origi-
natedfrom the sameactive regionwith aplane-of-the-silead-
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Fig. 2. GOESsoft X-ray ux curve at05-18UT with LASCO CME
CatalogCME height-timesThe CME heightsin the Catalogaremea-
suredfrom the plane-of-the-sk outermostbright featureandno pro-
jectione ectsaretakeninto accountLinear ts to all datapointscan
give erraticresultson the starttimes,seee.g.thetwo di erentheight-
time ts for Halol.Black arravs markthe starttimesof typell radio
bursts.

ing front velocity of 990km s * (09:54-10:34JT). CME2also
propagatedowardsthe West, but it had a narrav dome-like

structureinsteadof a bright loop. Becauseof the fast speed
andtiming (aboutthreehoursafter Halo1l and more thantwo

hoursbeforeHalo2),thereis noindicationof CME interaction
atcoronalheights.

Beforethedetectionof the Halo3front at 16:54UT, afaint
CME structure(“*CME3") wasobsenedin the LASCOimages
at15:30and15:54UT. This eventis not listed in the LASCO
CME Catalogandwe couldonly identify abrightfrontat15:30
UT. Behindthis front somedark structuresanbeidenti ed in
bothimagesandtheprojectedspeedf theses estimatedo be
around340km/s. A linear t to the heightsof thesestructures
suggestshatCME3 andHalo3reachedhesameheightaround
17:30UT near6 R , seeFig. 2.

Several ares occurredin NOAA AR 10691, located at
N13W20at the beginning of the analysedime period (05-18
UT). The rst CME (“CME1") thathadstartecbeforetheanal-
ysedtime period could have had associatiorwith at leasttwo
ares, aC9.7class are startingat00:39UT andaM3.3 class
are startingat 03:23UT, but thesewill be excludedfrom this
analysisalthoughthey arelistedin Tablel.

Two ares were obsened in associatiorwith Halol, the

rst startedat 06:04 UT (GOESclassM4.2) andthe second
oneat06:54UT (classC5.5).Both GOES ares shavedasim-
ple one-pealkstructure. The following CME2 could be associ-
atedwith a classM3.7 are thathadstartedat 09:09UT, but
it shaveda double-pealstructurewherethe ux startedo rise
againat09:24UT. Halo2wasassociatedvith aone-peakglass
X1.2 are thatstartedat 11:36 UT. Thefollowing CME3, be-
ing faint andslow, is di cult to associatevith arny one are,
but severalC-classares occurredbetweerl3:30and15:00UT
nearthetime of theestimatedCME3"lift-o0 ". Halo3wasasso-
ciatedwith aclassM5.9 are thatstartedat16:12UT andhada
double-pealstructurethesecondux risestartedat16:30UT.

Fig.3.H aresrecordedy Yunnanin China( rst event,upperrow)

andby Kanzelldhein Austria (secondevent, bottomrow). Black ar
rows point to the erupting laments, andwhite arravs to the aring

bright arc-like structuresTheH featurein the secondevent canbe
the leg of an erupting lament, and thereforethe lament summit
couldbeconsiderablhigher Obsenationsat bothsiteswerea ected
by changingweatherconditions.

1 ¥
B
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Fig.4. SOHOEIT 195A runningdi erencemagesfrom thetimesof
the threehalo CMEs. The shavn areais 80° 75(In eachframe.
Arrows point to the displacedoop systemsandregionsthatdimmed
rst. Notethatthe similar looking large-scaledimmingswereall di-
rectedtowardsthe Southwest.
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Fig.5. SOHOEIT runningdi erenceimagesfrom the times of the
post-Halolare andCME2. Theshavn areais 800° 750 asin Fig.
4. Thedimmingsat 06:48UT aredueto the precedingHalol event.
The are startedat 06:54UT anda changein the active region loop
is visible at 07:13UT (blackarraw). The are associatedvith CME2
startedat 09:09UT anda are brighteningis visible in the AR andin
aregion southof it (white arrowns). Thislooksto be a possiblecaseof
sympatheticaring. An eruptiontowardsthe Northwestis visible at
09:36UT, aswell asadimmingin the Southwest.

HalolandHalo2 eventswereimagedin H by Yunnanin
ChinaandKanzeltbhein Austria(GlobalHigh ResolutionH
Network Obsenatories).In both events lament eruptionsare
obsenedbeforethe X-ray ares, seeFig. 3. A verybrightarc-
like patternalsoformedduringboth ares.

Full disk EUV images, taken by the EUV Imaging
TelescopdEIT) on boardSOHQ areavailablethroughouthe
analysedime periodwith a 12 minuteimagecadencen aver-
age(Delaboudinereetal. 1995. The195A runningdi erence
imagesshav thatall thehaloCME eventswereassociateavith
homologous-lookinglarge-scaleEUV dimmings,seeFig. 4.
Thedimmings rst appearedtnearbyloop footpointsandthen
spreadowardstheSouthwestThedi erencémagesalsoshov
how someof thelargeloopsweredisplacedi.e. thatthey were
moving. A displacedor temperaturechangingloop was also
obsenedin associatiorwith the post-Halolare (Fig.5). The
faintdimmingsin the Southwesat thattime couldstill be due
to the precedingHalol. The CME2 that occurredin between
HalolandHalo2wasassociateavith anarrov dimmingin the
Southwestput the main part of the CME-associate@ruption
wasdirectedtowardsthe Nortwest,Fig. 5. The are starttimes
andthe EUV dimmingstarttimesarelistedin Tablel.

High resolutionline-of-sight magnetic eld obsenations
provided by the SOHO Michelson Doppler Imager (MDI,
Scherreret al. 1995 shav a growing, mainly positive po-
larity region near N13W20. The active region was con-
nectedto a smaller mainly negative polarity region near
S01W17 (NOAA AR 10690). The magnetic ux evolution
of these two regions is shavn in Fig. 6, and the spa-
tial changescan be viewed in the magnetogrammovie at
http://www.astro  .utu. fi /tu orla/ solar/3 Ooct2 004/ .

3. Shock signatures in radio emission

The full time period under analysiscould be covered with
spectralobsenationsin the plasmafrequeny domainat radio
wavelengths.Obsenationswere provided by HiIRAS/Hiraiso
SolarObsenatoryin Japan(25-2500MHz), IZMIRAN /Solar
Radio Laboratoryin Russia(25-270 MHz), OSRAAIP in
Germary (40-800 MHz), Phoenix-2ZETHZ in Switzerland
(112—-3970MHz), DAM/Obsenatoirede Parisin France(20—
70 MHz), GBSRBINRAO in USA (18-70MHz), andby the
WAVES experimenton the WIND spacecraffRAD2 obsera-
tionsat 1-14MHz). Most of thesedataareavailablefrom each
obsenatoryexperimentWebpage.

All three halo-type CME events were associatedwith
strong metric type Il burst emission,as were some of the
ares/CMEs before and in betweenthe halos, see Table 1.
Fig. 7 showvs the dynamicradio spectrafrom the Hiraiso Solar
Obsenatory (Halol event), AIP Tremsdorf(Halo2 event) and
GreenBank (Halo3 event). The HIRAS spectrumshaws both
the fundamenta(F) andsecondharmonic(H) emissionlanes,
with the F-lanestartingat 150 MHz. The AIP spectrumalso
shavs F and H emission(F-lane startingaround140 MHz),
but thereis indication of anotheremissionsourceat 80 MHz
(“F2") wherethe seconcharmonicis mixedwith the F-laneof
the rst burst. TheGBSRBSspectrunmshonvsonly oneemission
lanestartingaroundé5 MHz. Themeasuredlrift rateswere0.6
MHzs 1, 2.1MHz s * and0.4MHz s 1, respectiely. Thedrift
rate of the secondtype Il burstis larger than normally seen
in type Il events,averagedrifts beingin the0.1-1.0MHz s !
range.The fast-drifting emissionsourcesare visible only for
aboutoneminute,andslower-drift sourcesappeaitn the spec-
trum later, obsenedby IZMIRAN andDAM.

The WAVES RAD2 measurementsom the Wind satellite
(Bougeretet al. 1995 werechecledfor interplanetarytype
burst emissionat decametric—hectometri®H) wavelengths.
Onlythe rst eventwasclearlyassociatedith DH typell burst
emission seeFig. 8. A typell lanewasobsenedin the spec-
trum around3 MHz at 06:45UT, indicatedby the dashedine
in Fig. 8. The RAD2 spectrumalso shavs a pair of type Il
burstlanes startingat07:29UT at 10 MHz (lanesindicatedby
dashed—dottetinesin Fig. 8). A possiblecontinuationof the
metric type Il burstemissionassociatedvith the Halo3 event
is visible at 16:44UT near14 MHz. All the obsenedtypell
burstswith starttimesandfrequenciesrelistedin Tablel.

As the radio emissionis generatedvia the plasmaemis-
sion mechanismthe burstfrequeng f (Hz) of radio obsena-
tions directly measureshe plasmaelectrondensityne (cm °)
throughtherelation f = 9000™ ne. Electrondensitycanthen
be transformednto atmospherideightusingdi erentatmo-
sphericdensitymodels.The mostwidely useddensitymodels
areby Saito (1970 and Newkirk (1961). We have calculated
possibleatmospherideightrangesfor the type Il burstswith
a 2-fold Newkirk model (approximationof the active region
coronajandwith a2-fold Saitomodel(approximatiorfor aless
densecorona) Frequently-usechodeldik e the4-fold Newkirk
and 10-fold Saitowould give even larger heightsfor the burst
drivers (seeFig. 8 in Vrsnaket al. 2002 Fig. 2 in Warmuth
& Mann 2005 andFig. 4 in Koutchmy1994for thedi erent
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Table 1. Propertienf the CME-relatedeventson October30, 2004

CME Feature CME Typell Typell EIT GOES Flare
Speeda) Speedb) Start(c) Start Start Dimming Flare Start
Event (km/s) (km/s) (um (um (F-lane) (um Class (UT) Notes
CME1 130 >00:00 00:48 70 MHz C9.7 00:39 FaintCME, only 3 points
03:32 100MHz M3.3 03:23
Halol 260 210335 05:30 06:15 150MHz 06:12 M4.2 06:04 CME acceleratiofvelocity change
06:42 3.2MHz around08:30UT near5 R
07:03 90 MHz 07:13 C5.5 06:54
07:32 10 MHz
CME2 990 09:30 09:29 120MHz 09:36 M3.7 09:09 CME decelerates
Halo2 325 355550 11:35 11:45 140MHz 11:36 X1.2 11:36 CME acceleratiofvelocity change
11:45 80MHz aroundl13:30UT near5 R
11:58 44 MHz
CME3 - 340 14:05 - - C2.6 <14:40 CME notcataloguedfaint
Halo3 920 810900 16:25 16:30 65MHz 16:24 M5.9 16:14 CME decelerates
16:44 14 MHz

a: Plane-of-the-sk speedf theleadingfront, from the rst two availableheight-timedatapoints(CME Catalog,CatholicUniv. of America)
b: Our speedestimatefrom theidenti ed CME featuresn the rst 2-4 LASCO C2images(minimum/maximum)
c: Extrapolatedbackwardsto the AR location,linear t to front featuredeadingedgeprojectecheight

Fig. 6. Boxed areasshav the aring active region A andthe interconnectingegion B in the SOHO MDI magnetogranat 11:12 UT. The
magneticux evolution for bothregions(positive andnegative, in 10?4 Mx) is shavn on theright.

densitymodelsand comparisorto obsened densities) so our
estimategjive the reasonabléower limits for the heights.The
type Il bursttimesandcalculatedheightrangesare presented
in Figs.9, 10and11, togethemvith otherdata.

4. Summary of CME characteristics

In orderto establishthe starttimesof the halo CMEs (de ned
asthe time whenthe CME would have lifted o  from the ac-
tive region location) we estimatedhe CME heightsfrom the
LASCO C2imageshy selectingorominentbright featureghat

couldbeidenti ed in thenext obsenedC2image.Theselected
radialswere shavn in Fig. 1. This approachdi ersfrom the
methodusedin the LASCO CME Cataloguewhereonly one
radial along the leadingfront is measuredput givesa more
reliable approximationfor the movementof the whole struc-
ture. The height-timeplotsfor eacheventtogethemwith GOES
ux curves,type Il burst times and heights,and timeswhen
EIT dimmingswereobsenedarepresentedn Figs.9, 10 and
11.Our“featuretracking” methodcangive quitedi erentstart
timescomparedo thelinear ts onthe LASCO CME Catalog
leadingfront locations:for examplealinear t tothe rst three
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Fig. 7. Decimetric—metrigdypell burstsrecordedby HIRAS, AIP OSRA,andGBSRBSIn associatiorwith the three are—halo CME events.
Flare-associaterhdio emissionstartedat 06:12,11:42,and 16:24 UT, respectrely. Thetypell burststarttimesareat 06:15UT (150 MHz
fundamentakmission,secondharmonicvisible at 300 MHz), 11:45UT (140 MHz fundamentakmission,secondharmonicat 280 MHz, a
possibleseconaypell burstfundamentakmissionlanestartingat 80 MHz, secondcharmonicmixing with the fundamentalane of the other
burst),andat16:30UT (65 MHz fundamentaémission possiblyband-split).

Fig. 8. WIND WAVES RAD2 obserationsat 1-14 MHz between06:00and08:30UT. A DH typell burstlaneis obsered from 06:45until
07:00UT (indicatedby thedashedine). A pair of fainttypell burstlanesis obseredlater, startingat 07:29UT around10 MHz (indicatedby

the dashed-dottetines).

cataloguedC?2) leadingfront heightsof Halol gives a start
timearoundd4:30UT (seetheheight-timesn Fig. 2), thelinear
t to our (C2) featureheightsgivesa starttime around05:30
UT, andalinear t to the later (C3) cataloguedeadingfront
heightsgivesa starttime around06:00UT.

A furthercomplicationis the possibility of CME accelera-
tion at low heights.This cannotbe obsered directly because
of the LASCO C2 eld of view limit andthe low imageca-
denceand eld of view limit of EIT. The CME leadingedge
atlower heightscorrespondso the coronalstructureoverlying
the erupting lament, seee.g.,Marici€ et al. (2004 andrefer
encegherein.Acceleratinglaments wherethetrajectorylater
matcheshe CME trajectoryhave beenobsened(seege.g.Figs.
5and6 in Qiu etal. 200J). In the casef obsened CME ac-
celerationjt usuallyoccurswithin 2-3R , duringthe eruptive
phase®f associatedares (e.g.,Shanmugarajet al. 2003. It
hasalsobeensuggestethatCMEscanaccelarateontinuously
from3to 7R (seeMoon etal. 2004andreferencesherein).

The Halol eventis the mostinterestingof the threehalo
CMEs: the obsened (projected)CME speeds low at heights
3-5R (210...33%ms 1), changingnto ahigherspeed>400
km s 1) after that. Therearetwo ares associatedvith this
event, and the CME velocity changehappensone hour after
thesecondare. Both ares areassociateavith metrictypell
burstemission A CME propagatingat a velocity lessthan300
km s ! is not likely to producea shock(asobseredat 06:15

UT, marked “hil” in Fig. 9), or be able to produceanother
shock(“iz1"”) at low heightswhenthe CME front is already
above 3 R. In addition, the two DH type Il burstslook like
a continuationof the two metric type Il bursts.In the Halo2
andHalo3eventsthe shocksignaturesn radiomatchrelatively
well with thebackwards-etrapolatedCME featureheightsal-
thoughHalo2is slow comparedo the Alfv énspeedt needgo
exceedto producea shock,seeFigs.10and11.

5. Results and discussion

We reporton are and CME actvity that originatedfrom the
sameactive region and occurredwithin 12 hourson the same
day, October30, 2004.The actiity includedthreehalo CMEs
that were associatedvith ares and radio type Il bursts, as
well asone are andoneCME in betweerthe halo CMEsthat
alsoshaved shocksignaturesin addition,all halo-typeCME
eventswereassociatedvith similar-looking, large-scaleEUV
dimmings.

The rst two halo CMEscouldbe calledslow if compared
tothehaloCME speed®naverageTheprojectedeadingfront
speedsvere260and325km s 1, respectiely, measuredrom
the rst two availableLASCOimagesThethird haloCME was
fast,920km s 1. Obsenationshave earlierassociatednly fast
CMEs (>600km s 1) with metrictypell radio bursts,mainly
becausehefastejectedmasscanactasadriver for the shock-
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Fig. 9. EstimatedheliocentricCME heightsin solarradii (R) along
the selectedadialsfor the Halo1 event, plottedover the GOESX-ray

ux curve.An extrapolatedinear t ontheheight-timedromthelater
LASCO C3obsenationsis alsoshawvn. Verticaldottedline shavs the
time of the earlier C2 obseration whenthe CME could have been
obsered if it waswithin the eld of view. The height-timesof the
precedingCMEL1 are alsoshavn. Type Il bursttimesand estimated
heights(height rangesde ned by using 2-fold Newkirk and 2-fold

Saito coronaldensitymodels)are marked in the plot: “hil” denotes
Hiras obsenations where fundamentalemissionstartsat 06:15 UT

at 150 MHz, “iz1” denotedzmiran obserationswherefundamental
emissionstartsat 06:42UT at 90 MHz, “w1” denotesWIND RAD2

obserationsof a DH typell burststartingat 06:42UT at 3.2 MHz,

and“w2” denotesa burst startingat 07:32UT at 10 MHz. Triangle
indicatesthe time of anH lament eruptionaround05:25UT. The

Yunnanobsenationswerelimited dueto badweatherconditions,but

thereis someindicationof another lament eruptionnear06:26 UT.

Black arrav shaows the starttimes of two GOES ares at 06:04 and
06:54 UT, and dashedarrons shav the timeswhen EIT dimmings
were obsered (notethat therewere no available 195 A EIT images
nearthe startof the secondare, between06:48and07:13UT). The

EIT eld of view endsat height 1.3 R andthe LASCO C2 eld of

view begins around2.1 R, andthusthereis a wide rangeof heights
where imaging is not available. The aring active region and the

dimmedareasverelocatedapproximatelyat 0.4—0.6R on the disk.

drivenradio burst or becausdast CMEs are often associated
with large impulsive ares that can produceblast waves (a
shockis producedwhenthe speedof the disturbanceexceeds
thelocal magnetosonid,e. Alfv én,speed).

We have analysedhe eventsin orderto establishplausi-
ble CME lift-o timesandto determinethe causeof the met-
ric andDH type Il burststhatoccurredin associatiorwith the
slow CMEs. First, we useda CME speedmeasuremertiech-
niguewheredistinctve CME front featuresvereidenti ed and
height—timepositionsveremeasure@longseveralradials.The
extrapolatedCME starttimesobtainedwith this methoddi er
from the onesobtainedwith the CME Catalogmethod(mea-
surementf the leadingfront along one radial). In the case
of the rst halo CME (Halol) the di erenceis signi cant,
giving a onehourtime di erenceA linear t to the feature-
tracked height-timedatapoints givesan estimatedCME start
time that coincideswell with the obsenedH lament erup-
tion. However, we have to take into accountthe possibility of
CME accelerationalthoughthe changefrom an accelerating

5R

4R

3R

2R

no
imaging:

Hiumi'mmmum>mmmmmm

1R

TAR=0.4R

Fig.10. As in Figure9 for the Halo2 event. The type Il burst (fun-

damentakmissionlane)obsered by AIP-Tremsdorf(“aip”) startsat
11:45UT at 140 MHz. Thereis a simultaneougype Il burstin the
AIP-Tremsdorfdynamicspectravherefundamentaémissiorstartsat
80 MHz, andthe heightof this burstexciter would bein betweerthe
“aip” and“dam” sourceheights.“dam” denotedNan@y Decametric
Array obserations of fundamentalemissionat 44 MHz starting at
11:58UT. The height-timesof the precedingCME?2 arealsoshaown.

GOES are startsat11:36UT.

5R
4R

3R

2R

no i
imaging:

1R

TAR=0.4R

Fig.11. As in Figure9 for the Halo3 event. The type Il burst(funda-
mentalemissiorlane)obsenedby GBSRBS(“gb”) startsat16:30UT
at 65 MHz, andthereis a possiblecontinuationin the WIND RAD2
spectrumnear16:44UT at 14 MHz (“w3"). The height-timesof the
precedingCME3 arealsoshavn. GOES are startsat16:14UT.

lament to a constantvelocity CME is not alwaysclear(in the
absencef directobsenations).

Fromtheplotin Fig. 9 it is evidentthatthe rst metrictype
Il burstassociateavith Halo1 (“hil”) could have beencreated
by the propagatingCME only if the CME startedto accelerate
nearthetime of the are startat06:04UT. The speedf Halol
is low, andthe CME would not be ableto drive a shockand
causea typell burstin ordinarycoronalconditions.An EUV
dimming was obsenred threeminutesbeforethe type Il burst
atloop footpointsin the nearbyregion, togethemwith loop os-
cillationgdisplacementsl heassociatiometweercoronalloop
oscillationsandmetrictype Il burstswasrecentlypointedout
by Hudson& Warmuth(2004), andthey suggestedhatthe os-
cillationsweretheresultof weakfast-modeshockwaves( are
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blastwaves) travelling throughthe corona.The waves could
explain both the type Il burstsand Moreton waves. We nd
no obsenationalevidenceof Moretonwavesin this case but
it canbedueto the limited numberof obsenationswe havein
H andin EUV. TheDH typell burst(“w1”) obseredafterthe
metrictypell burstsuggestshateitherablastwave propagated
to thatdistanceor the precedingCME1 wasableto createthe
burst.However, CME1 wasevenslowerthanHalolandthere-
fore not a good candidateto be the burst exciter. CME1 and
Halol would have reachedthe sameheight,6.5 R , around
09:00UT, andHalo1 hadto propagaten the turbulent after
o ws of CMEL. Hencethe coronal densitiesthat were used
to determinethetype Il burstdriver heightswould needto be
consideredarefully. Thereis evenonemorepossibilityfor the
creationof the DH type Il burst: Halo1l might have actedas
a sphericalpiston (Landau& Lifshitz 1987 andin that case
evena”"sub-sonic”expansioncould have createda shockin an
analogousvay asin the pressurgulsescenarigseeVrsnak&
Luli€ 2000.

The loop-like front of Halo1l wasvisible at height 3 R
at06:54UT, whena C-class are startedin the active region.
A metrictypell burst“iz1” occurredat 07:03UT (estimated
driver height 1.25-1.4R ), followed by a DH type Il burst
“w2" at 07:32 UT (estimateddriver height 2.7-3.7R ). A
loop displacemeritemperaturechangewas obsened again,
but therewasno large-scaledlimmingin EUV thistime. There
arethreepossibilitiesfor the metrictype Il burstformationin
this case:A blastwave shock,shock producedat the anks
of Halol, or a secondmassejectionstartingat the time of the
are. A shockatthe anks of the CME is the leastprobable
explanation.Evenif shockformationis favouredat the anks
insteadof the CME front, CMEs with speeddessthan 600
km s may not be able to drive shocksaround2.5-3R ,
wherethe Alfv én speedhasits highestvalue (Vainio & Khan
2004. A blastwave scenariois more probable,althoughthe
only otherindication of it is the obsened loop displacement
in EUV. The EIT image cadencewas very low in this case
becauseof a gap in the 195 A imagesbetween06:48 and
07:13UT, andthe brighteninggdimmingsdueto the previous
event were still present. The H obsenations were very
limited due to bad weatherconditions,but the YunnanH
images give some indication of structural changesaround
06:26 UT near the location where the 05:25 UT lament
eruption occurred (see Fig. 3 and the daily full-disk H
movie from the Global High-resolutionH-alphaNetwork, at
ftp://ftp.bbso.n ji t.e du/pub/archive/2004/10/30).
This third possibility, a later ejection,hassupportfrom obser
vationsby Moon et al. (2004 wherea CME getsaccelerated
whenit is overrun by a fasterevent associatedvith a later
are. It is possiblehatthefasterspeedf Halolabo/e 5R is
connectedo alatereruptioriejection,asthe C3 featureheights
extrapolatedbackwardsmatchquite well with the “w2” burst
driver heights.A high-speedejectionafter Halol could have
“pushed” the slow speedHalol, leaving the rst-erupted
lament ahead(on top) of the secondejection. This would
be a requirement,since the CME front looks essentially
the samein the C2 and C3 images.However, as there are

no large-scaledimmings associatedvith the second are, a
secondarge-scalenassdepletionis lesslik ely.

Halo2is alsoa relatively slov CME thatacceleratesear
5R . Theestimatecheightsof the metrictypell bursts,“aip”
and“dam” in Fig. 10, t relatively well with the CME height-
time pro les. If againHalo2wasacceleratingtthetime of the
typell bursts,the shockconditionwould have beenlled. The
fastdrifts (>2 MHz s 1) obsenedat the beginningof the burst
could alsohave beencauseddy a blastwave shock,similar to
the eventwherefast-drift type ll-lik e burstsarein closeasso-
ciationwith a Moretonwave andanEIT wave (Pohjolaineret
al. 2007). Thereareno DH type Il burstsassociateavith this
event,andHalo2 doesnot seemto have interactedwith previ-
ousCMEs,althoughit propagates thewake of thefastCME2
(that occurredbetweenHalol and Halo2). The rst signs of
loop displacementslimmingswerevisible at 11:36 UT, which
is thetime of the GOESX1.2 are startandtheestimatedime
of theHalo2start(linear t extrapolatedbackwards).As a la-
menteruptionwasobsenedto be goingon beforethis time, it
is evidentthata coronaldisturbancevasalreadyoccurringat
thetime of the are start.

The third halo event, Halo3, looked similar to the other
two halo eventsin appearancandin loop displacementsnd
large-scaledimmings.Contraryto the othertwo halosit hada
high speedandit seemedo be deceleratingfterreachingthe
heightof 15 R . A linear t to the height-timesand extrap-
olation backwardsgivesa CME starttime well afterthe are
start. DisplacedEUV loops were obsened ten minutesafter
the are start,andthemetrictypell burst“gb” (atheight1.37—
1.55R ) andits possiblecontinuation‘w3” (2.35-2.95R )
agredn timing andheightwith acoronaldisturbancehatcould
have beena are-relatedshockwave. A shockwave propagat-
ing aheadof Halo3 could explain the height-timedi erences
betweerthetypell burstsandtheHalo3front. Sincetheremust
beacertaino setbetweerthe burstdriver andthe bow-shock
(Russell& Mulligan 2002, this type Il burstcould alsohave
beena CME-relatedbow shock.

Propagatingoronalshocksneeddriver speedshatexceed
the local magnetosonispeedIt doesnot seemprobablethat
CME frontswith speedsnuchlessthan400km s * arecapa-
ble of driving a shock(type Il burst exciter speedsave been
estimatedo bein therangeof 400-200km s 1). In our anal-
ysiswe have foundevidenceof are-relatedCME acceleration
in the casesof two slow halo CMEs. A are blastwave and
a CME bow shockareboth good candidatego be the type
burstexciter in the third, fasthalo CME event. The repeating
are-halo CMEs andlarge-scaladimmingsalsoshow thatthe
eld canrestoreitself in 5-6 hours.Our resultsshav thatcare-
ful analysids neededn determiningeventstarttimesandCME
speedsasit is alwayspossiblehatCMEsaccelerati&lecelerate
or thatthe CME materialoriginatesfrom morethanoneerup-
tion. In statisticalanalysisespecially one shouldbe aware of
thesecompleities.
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