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ABSTRACT

Context. In thesolarcorona,shocksareformedwhenthespeedof a disturbanceexceedsthe local magnetosonicspeed.In theactive region
coronatheAlfv énspeedcandropto a few hundredkm/s, but globally it is muchhigher. Therehasbeena long debateon whethertheshocks
responsiblefor typeII burstsarecreatedby bow shocksin front of coronalmassejections(CMEs),shocksin the�anks of CMEs,or by �are
(blast)waves.
Aims. We study the alternative explanationsfor type II burstsin eventswherewe have a slow CME, �are(s), andassociatedtype II burst
emission.
Methods. We usemulti-wavelengthobservationsto analysethe height–timeevolution of CMEs andcompareit with the evolution of shock
signaturesin radioandEUV.
Results. Three�are-associatedhalo-typeCME eventswereobservedon October30,2004.Velocity estimates(260,325,and920km/s) from
the �rst plane-of-the-sky CME leadingfront observationssuggestedthat the �rst two werevery slow comparedto halo CMEs,on average.
TheCMEswereassociatedwith �ares (M4.2, X1.2, andM5.9) andeacheventwasalsoassociatedwith coronal(metric)typeII emissionthat
is known to be a signatureof a propagatingshockfront. After the �are starts,loop displacementsandlarge-scaledimmingswereobserved
in EUV. The two slow halo CMEs startedas �lament eruptions,but the CME velocitiesand/or bulk motionswerea� ectedat the timesof
�ares. We �nd supportfor theideathat thecauseof metric typeII burstsin thesetwo eventsis �are-related.ThelaterCME velocity changes
(accelerationaround4-5 solarradii) could alsobe explainedby eruptionsassociatedwith later �ares. The repeatinghomologous�are–halo
CME eventsindicatea restorationof thesamelarge-scalestructureswithin 5-6 hours.
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1. Intr oduction

Coronalmassejections(CMEs) areenergy releaseprocesses
that canleadto a signi�cant expulsionof massfrom the Sun.
However, it is still poorly understoodhow CMEs areformed.
TherelationshipbetweenCMEs,�ares, typeII radioburstsand
wave phenomenahasbeenunderdebatefor a long time. A
goodtiming agreementhasbeenfoundbetweentheimpulsive
phasesof �ares andmetric type II bursts(e.g.,Harvey 1965,
Vr�snaket al. 1995, Klassenet al. 1999; 2003), aswell asbe-
tweenMoretonwavesandtype IIs (e.g.,Hudsonet al. 2003,
Warmuthet al. 2004a; 2004band referencestherein).There
is alsoquitegoodsynchronizationbetweenCME acceleration
and the impulsive phasesof �ares (Zhanget al. 2001; 2004,
Vr�snaketal. 2004, andreferencestherein).Becauseof these,it
is often di� cult to decidewhethera coronalshock(indicated
by a metric typeII burst) is ignitedby a �are or if it is driven
by aCME. Wu etal. (2004) havesuggestedthatdi� erenttypes
of initiation processesin a “standard”prominencecon�gura-
tion could determineif a CME becomesfastor slow, andthe
fast �are/slow non-�are CME classi�cation hasalsobeenre-

cently questionedby Vr�snaket al. (2005). Massive velocity
changesandexponentialgrowth in the CME speedhasbeen
suggestedto explain the large speeddi� erencesbetweenthe
rising �ux ropesat low altitudesandthe later observedCME
fronts (Vr�snak2001a, Shanmugarajuet al. 2003, Gallagheret
al. 2003 and referencestherein).In somecasesthe obtained
kinematiccurvescanbequitepeculiar(Go� et al. 2005).

“Halo” typeCMEsassociatedwith �ares areof specialin-
terestsince their signaturescan be observed directly on the
disk (Zarro et al. 1999, Webb et al. 2000, Pohjolainenet al.
2001, Harra& Sterling2001, Jing et al. 2004, Pohjolainenet
al. 2005). SometimeshomologousCME/�are eventshappen
in closesuccession,and thenquestionsariseon their trigger
mechanismandonhow the�eld canrestoreitself onshorttime
scales(Chertoket al. 2004, Zhang& Wang2002: homologous
CMEs7-10hoursapart;Moon et al. 2002: homologous�ares
lessthan onehour apart).Halo CMEs are known to be very
fast, the measuredapparentspeedsare 957 km s� 1 on aver-
age(Yashiroet al. 2004), which is twice the speedof “nor-
mal” CMEs. Speedestimationcan,however, be di� cult (see
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Micha�eket al. 2003), asCMEsareobservedasscatteredlight
on theplaneof thesky. Usingbothwhite light andradioobser-
vationsthe“true” speedshave in somestudiesbeenestimated
to behigherthanthemeasuredplane-of-sky speeds(Reineret
al. 2003).

SolarradiotypeII burstsarethoughtto becausedby MHD
shockwavespropagatingthroughthecoronaandinterplanetary
medium(e.g.Nelson& Melrose1985). Both�are (blast)waves
andpiston-drivenbow shockscouldbethedrivers.Thereis dis-
cussionof whethercoronalmetrictypeII burstsandinterplan-
etarydecametric-hectometric(DH) typeII burstsarerelatedat
all (see,e.g.,Cane& Erickson2005, Mancuso& Raymond
2004, Reineret al. 2001). The usualmetric type II burst fre-
quency drifts arein therangeof 0.1–1.0MHz s� 1, andthede-
rivedburstexciterspeedshavebeenestimatedto bein therange
of 400–2000km s� 1 (Nelson& Melrose1985). Thewidespeed
rangemainly re�ects the problemof transformingfrequency
drifts into speedsusingdi� erentatmosphericdensitymodels,
especiallyat low atmosphericheights.

Only a smallnumberof �ares andCMEsareaccompanied
by type II bursts,but almostall type II burstsareassociated
with �ares andCMEs(see, e.g.,Cliveretal. 1999). Flarechar-
acteristicsandtype II burstparametershave shown goodcor-
relation(see,e.g.,Vr�snak2001b). A goodcorrelationhasalso
beenfound betweenthe CME speedsandthe inferredspeeds
of DH type II bursts,contraryto metric type IIs (Reineret al.
2001). Furthermore,CMEs associatedwith DH type II bursts
arefoundto begenerallyfasterandwiderthanthoseassociated
with metrictypeII bursts(Gopalswamyet al. 2000, Laraet al.
2003). A “timing problem”hasbeenobservedbetweenCMEs
andtypeII bursts,asCME launchtimeestimatesaremuchear-
lier thantheassociatedtypeII onsettimes(Cliver et al. 2005).
Cliveret al. suggestthatrapidCME accelerationcouldstill act
astheprincipaldriver for metric typeII burstsinsteadof �are
blast waves/ejecta.The leadingedgesof �lament-associated
CMEsaccelerategradually, to speedstypically in therangeof
400–600km s� 1 (Sheeley et al. 1999). Observationsof accel-
erating�laments at the time of an associated�are have been
reportedby, e.g.,Qiu et al. (2001), Kunduet al. (2004), and
Sterling& Moore(2005), but in thesecasesthevelocitychange
happensat low heightswhenthe�are siteandthe�lament are
separatedby lessthan� 0.5R� .

This paperpresentsanalysison the relationshipbetween
CMEs,�ares, andtypeII burstsin threehalo-typeCME events
thatoriginatedfrom thesameactiveregiononly 5-6hoursapart
on thesameday. Sections2 and3 describetheobservedchar-
acteristicsandin Section4 wepresenta summary. Resultsand
discussionarepresentedin Section5.

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
SpectrometricCoronagraph(LASCO) experiment(Brueckner
et al. 1995) on October30, 2004. The halo CMEs showed
clear brightness asymmetry: the heliocentric distance of
eachCME was roughly the samein all directions,but the
CME brightness was signi�cantly di� erent. In the �rst
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Fig.1. The �rst appearancesof the threehomologous-lookinghalo
CMEs with brightnessasymmetryon October30, 2004.The CMEs
were�rst detectedby LASCO C2 at 06:54UT, 12:30UT, and16:54
UT. Theimagesshow our methodof estimatingtheCME speeds:the
distancesfrom the Suncenterto the front locationswere measured
alongseveral di� erentradials.Radialswereselectedwhenthe front
showeddistinctivefeaturesthatcouldbeidenti�ed in thenext LASCO
image.

LASCO imagesall the halo-typeCMEs 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.go v/ CMElist/ . According to
the Catalog,the halo CMEs were �rst observed at 06:54UT
(plane-of-the-sky 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 measurementsof eachevent,
06:54–07:31UT, 12:30–12:54UT, and16:54–17:06UT, were
260 km s� 1, 325 km s� 1 and 920 km s� 1, respectively. The
halo-typeCMEsarelistedin Table1 as“Halo1”, “Halo2”, and
“Halo3”.

A slow (estimatedspeed130km s� 1) faint CME hadlifted
o� well beforeHalo1, it is listed as“CME1” in Table1. The
CME1 propagatedtowards the West, and it had reacheda
heightof � 5 R� at the time of Halo1 detection.The height-
timepro�les of CME1andHalo1indicatethattheleadingfront
of Halo1wouldovertaketheCME1front around09:00UT near
6.5R� , seeFig. 2.

In betweenHalo1andHalo2a fastCME (“CME2”) origi-
natedfrom thesameactiveregionwith aplane-of-the-sky lead-
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Fig.2. GOESsoft X-ray �ux curve at 05–18UT with LASCO CME
CatalogCME height-times.TheCME heightsin theCatalogaremea-
suredfrom theplane-of-the-sky outermostbright featureandno pro-
jectione� ectsaretakeninto account.Linear�ts to all datapointscan
give erraticresultson thestarttimes,seee.g.thetwo di� erentheight-
time �ts for Halo1.Black arrows markthestarttimesof typeII radio
bursts.

ing front velocityof 990km s� 1 (09:54–10:34UT). CME2also
propagatedtowardsthe West,but it had a narrow dome-like
structureinsteadof a bright loop. Becauseof the fast speed
andtiming (aboutthreehoursafter Halo1 andmorethantwo
hoursbeforeHalo2),thereis no indicationof CME interaction
at coronalheights.

Beforethedetectionof theHalo3front at 16:54UT, a faint
CME structure(“CME3”) wasobservedin theLASCOimages
at 15:30and15:54UT. This event is not listed in theLASCO
CME Catalogandwecouldonly identify abrightfront at15:30
UT. Behindthis front somedarkstructurescanbeidenti�ed in
bothimages,andtheprojectedspeedof theseis estimatedto be
around340km/s.A linear �t to theheightsof thesestructures
suggeststhatCME3andHalo3reachedthesameheightaround
17:30UT near6 R� , seeFig. 2.

Several �ares occurredin NOAA AR 10691, locatedat
N13W20at the beginningof the analysedtime period(05-18
UT). The�rst CME (“CME1”) thathadstartedbeforetheanal-
ysedtime periodcouldhave hadassociationwith at leasttwo
�ares, a C9.7class�are startingat 00:39UT anda M3.3 class
�are startingat 03:23UT, but thesewill beexcludedfrom this
analysisalthoughthey arelistedin Table1.

Two �ares were observed in associationwith Halo1, the
�rst startedat 06:04 UT (GOESclassM4.2) and the second
oneat06:54UT (classC5.5).BothGOES�ares showedasim-
ple one-peakstructure.The following CME2 couldbeassoci-
atedwith a classM3.7 �are that hadstartedat 09:09UT, but
it showeda double-peakstructurewherethe�ux startedto rise
againat09:24UT. Halo2wasassociatedwith aone-peak,class
X1.2 �are thatstartedat 11:36UT. The following CME3, be-
ing faint andslow, is di� cult to associatewith any one�are,
butseveralC-class�ares occurredbetween13:30and15:00UT
nearthetimeof theestimatedCME3“lift-o � ”. Halo3wasasso-
ciatedwith aclassM5.9 �are thatstartedat16:12UT andhada
double-peakstructure;thesecond�ux risestartedat16:30UT.

Fig.3. H� �ares recordedby Yunnanin China(�rst event,upperrow)
andby Kanzelḧohein Austria (secondevent,bottomrow). Black ar-
rows point to the erupting�laments, andwhite arrows to the �aring
bright arc-like structures.TheH� featurein the secondevent canbe
the leg of an erupting �lament, and thereforethe �lament summit
couldbeconsiderablyhigher. Observationsatbothsiteswerea� ected
by changingweatherconditions.

06:12-06:00 06:24-06:12 06:36-06:24

11:36-11:24 11:48-11:36 12:00-11:48

16:24-16:12 16:36-16:24 16:48-16:36

Fig.4. SOHOEIT 195Å runningdi� erenceimagesfrom thetimesof
the threehalo CMEs. The shown areais 80000� 75000in eachframe.
Arrows point to thedisplacedloop systemsandregionsthatdimmed
�rst. Note that the similar looking large-scaledimmingswereall di-
rectedtowardstheSouthwest.
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Fig.5. SOHOEIT running di� erenceimagesfrom the times of the
post-Halo1�are andCME2.Theshown areais 80000� 75000, asin Fig.
4. The dimmingsat 06:48UT aredueto the precedingHalo1 event.
The �are startedat 06:54UT anda changein theactive region loop
is visible at 07:13UT (blackarrow). The�are associatedwith CME2
startedat 09:09UT anda �are brighteningis visible in theAR andin
a regionsouthof it (white arrows).This looksto bea possiblecaseof
sympathetic�aring. An eruptiontowardsthe Northwestis visible at
09:36UT, aswell asa dimmingin theSouthwest.

Halo1andHalo2eventswereimagedin H� by Yunnanin
ChinaandKanzelḧohein Austria(GlobalHigh ResolutionH�
Network Observatories).In bothevents�lament eruptionsare
observedbeforetheX-ray �ares, seeFig. 3. A verybright arc-
likepatternalsoformedduringboth�ares.

Full disk EUV images, taken by the EUV Imaging
Telescope(EIT) on boardSOHO, areavailablethroughoutthe
analysedtimeperiodwith a 12minuteimagecadenceonaver-
age(Delaboudini�ereetal. 1995). The195Å runningdi� erence
imagesshow thatall thehaloCME eventswereassociatedwith
homologous-looking,large-scaleEUV dimmings,seeFig. 4.
Thedimmings�rst appearedatnearbyloopfootpointsandthen
spreadtowardstheSouthwest.Thedi� erenceimagesalsoshow
how someof thelargeloopsweredisplaced,i.e. thatthey were
moving. A displacedor temperaturechangingloop was also
observedin associationwith thepost-Halo1�are (Fig. 5). The
faint dimmingsin theSouthwestat that time couldstill bedue
to the precedingHalo1. The CME2 that occurredin between
Halo1andHalo2wasassociatedwith anarrow dimmingin the
Southwest,but the main part of the CME-associatederuption
wasdirectedtowardstheNortwest,Fig. 5. The�are starttimes
andtheEUV dimmingstarttimesarelistedin Table1.

High resolutionline-of-sight magnetic�eld observations
provided by the SOHO Michelson Doppler Imager (MDI,
Scherreret al. 1995) show a growing, mainly positive po-
larity region near N13W20. The active region was con-
nected to a smaller, mainly negative polarity region near
S01W17(NOAA AR 10690). The magnetic�ux evolution
of these two regions is shown in Fig. 6, and the spa-
tial changescan be viewed in the magnetogrammovie at
http://www.astro .u tu. fi /tu or la/ sola r/3 0oct2 004/ .

3. Shoc k signatures in radio emission

The full time period under analysiscould be covered with
spectralobservationsin theplasmafrequency domainat radio
wavelengths.Observationswere provided by HiRAS/Hiraiso
SolarObservatory in Japan(25–2500MHz), IZMIRAN /Solar
Radio Laboratory in Russia(25–270 MHz), OSRA/AIP in
Germany (40–800 MHz), Phoenix-2/ETHZ in Switzerland
(112–3970MHz), DAM/Observatoirede Paris in France(20–
70 MHz), GBSRBS/NRAO in USA (18–70MHz), andby the
WAVES experimenton theWIND spacecraft(RAD2 observa-
tionsat 1-14MHz). Mostof thesedataareavailablefrom each
observatory/experimentWebpage.

All three halo-type CME events were associatedwith
strong metric type II burst emission,as were some of the
�ares/CMEs before and in betweenthe halos, seeTable 1.
Fig. 7 shows thedynamicradiospectrafrom theHiraisoSolar
Observatory (Halo1event),AIP Tremsdorf(Halo2event)and
GreenBank (Halo3 event).The HiRAS spectrumshows both
the fundamental(F) andsecondharmonic(H) emissionlanes,
with the F-lanestartingat 150 MHz. The AIP spectrumalso
shows F and H emission(F-lanestartingaround140 MHz),
but thereis indicationof anotheremissionsourceat 80 MHz
(“F2”) wherethesecondharmonicis mixedwith theF-laneof
the�rst burst.TheGBSRBSspectrumshowsonlyoneemission
lanestartingaround65MHz. Themeasureddrift rateswere0.6
MHz s� 1, 2.1MHz s� 1 and0.4MHz s� 1, respectively. Thedrift
rate of the secondtype II burst is larger than normally seen
in type II events,averagedrifts beingin the0.1–1.0MHz s� 1

range.The fast-driftingemissionsourcesarevisible only for
aboutoneminute,andslower-drift sourcesappearin thespec-
trum later, observedby IZMIRAN andDAM.

TheWAVES RAD2 measurementsfrom theWind satellite
(Bougeretet al. 1995) werecheckedfor interplanetarytype II
burst emissionat decametric–hectometric(DH) wavelengths.
Only the�rst eventwasclearlyassociatedwith DH typeII burst
emission,seeFig. 8. A type II lanewasobservedin thespec-
trum around3 MHz at 06:45UT, indicatedby thedashedline
in Fig. 8. The RAD2 spectrumalso shows a pair of type II
burstlanes,startingat07:29UT at10MHz (lanesindicatedby
dashed–dottedlines in Fig. 8). A possiblecontinuationof the
metric type II burst emissionassociatedwith the Halo3 event
is visible at 16:44UT near14 MHz. All the observed type II
burstswith starttimesandfrequenciesarelistedin Table1.

As the radio emissionis generatedvia the plasmaemis-
sionmechanism,theburst frequency f (Hz) of radioobserva-
tions directly measuresthe plasmaelectrondensityne (cm� 3)
throughthe relation f = 9000

p
ne. Electrondensitycanthen

be transformedinto atmosphericheightusingdi� erentatmo-
sphericdensitymodels.Themostwidely useddensitymodels
areby Saito(1970) andNewkirk (1961). We have calculated
possibleatmosphericheightrangesfor the type II burstswith
a 2-fold Newkirk model (approximationof the active region
corona)andwith a2-fold Saitomodel(approximationfor aless
densecorona).Frequently-usedmodelslikethe4-foldNewkirk
and10-fold Saitowould give even largerheightsfor theburst
drivers (seeFig. 8 in Vr�snaket al. 2002, Fig. 2 in Warmuth
& Mann2005, andFig. 4 in Koutchmy1994for the di� erent



S.PohjolainenandN.J.Lehtinen:Slow haloCMEswith shocksignatures 5

Table1. Propertiesof theCME-relatedeventson October30,2004

CME Feature CME TypeII TypeII EIT GOES Flare
Speed(a) Speed(b) Start(c) Start Start Dimming Flare Start

Event (km/s) (km/s) (UT) (UT) (F-lane) (UT) 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
Halo1 260 210/335 05:30 06:15 150MHz 06:12 M4.2 06:04 CME acceleration/velocity 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 325 355/550 11:35 11:45 140MHz 11:36 X1.2 11:36 CME acceleration/velocity change

11:45 80 MHz around13:30UT near5 R�
11:58 44 MHz

CME3 - 340 14:05 - - C2.6 <14:40 CME notcatalogued,faint
Halo3 920 810/900 16:25 16:30 65 MHz 16:24 M5.9 16:14 CME decelerates

16:44 14 MHz

a: Plane-of-the-sky speedof theleadingfront, from the�rst two availableheight-timedatapoints(CME Catalog,CatholicUniv. of America)
b: Ourspeedestimatefrom theidenti�ed CME featuresin the�rst 2-4LASCO C2 images(minimum/maximum)
c: Extrapolatedbackwardsto theAR location,linear�t to front features/leadingedgeprojectedheight

B

A

Fig.6. Boxed areasshow the �aring active region A and the interconnectingregion B in the SOHOMDI magnetogramat 11:12UT. The
magnetic�ux evolution for bothregions(positive andnegative, in 1024 Mx) is shown on theright.

densitymodelsandcomparisonto observeddensities),soour
estimatesgive thereasonablelower limits for theheights.The
type II burst timesandcalculatedheightrangesarepresented
in Figs.9, 10and11, togetherwith otherdata.

4. Summar y of CME characteristics

In orderto establishthestarttimesof thehaloCMEs(de�ned
asthe time whentheCME would have lifted o� from theac-
tive region location)we estimatedthe CME heightsfrom the
LASCOC2 imagesby selectingprominentbright featuresthat

couldbeidenti�ed in thenext observedC2image.Theselected
radialswereshown in Fig. 1. This approachdi� ers from the
methodusedin the LASCO CME Cataloguewhereonly one
radial along the leadingfront is measured,but givesa more
reliableapproximationfor the movementof the whole struc-
ture.Theheight-timeplotsfor eacheventtogetherwith GOES
�ux curves, type II burst times andheights,and times when
EIT dimmingswereobservedarepresentedin Figs.9, 10 and
11.Our“featuretracking”methodcangivequitedi� erentstart
timescomparedto thelinear �ts on theLASCO CME Catalog
leadingfront locations:for examplea linear�t to the�rst three
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Fig.7. Decimetric–metrictypeII burstsrecordedby HiRAS, AIP OSRA,andGBSRBSin associationwith the three�are–haloCME events.
Flare-associatedradio emissionstartedat 06:12,11:42,and16:24UT, respectively. The type II burst starttimesareat 06:15UT (150 MHz
fundamentalemission,secondharmonicvisible at 300 MHz), 11:45UT (140 MHz fundamentalemission,secondharmonicat 280 MHz, a
possiblesecondtypeII burst fundamentalemissionlanestartingat 80 MHz, secondharmonicmixing with the fundamentallaneof theother
burst),andat16:30UT (65 MHz fundamentalemission,possiblyband-split).

F

F

Fig.8. WIND WAVES RAD2 observationsat 1-14MHz between06:00and08:30UT. A DH type II burst laneis observed from 06:45until
07:00UT (indicatedby thedashedline). A pair of faint typeII burstlanesis observedlater, startingat 07:29UT around10MHz (indicatedby
thedashed-dottedlines).

catalogued(C2) leadingfront heightsof Halo1 gives a start
timearound04:30UT (seetheheight-timesin Fig.2), thelinear
�t to our (C2) featureheightsgivesa starttime around05:30
UT, anda linear �t to the later (C3) cataloguedleadingfront
heightsgivesa starttimearound06:00UT.

A furthercomplicationis thepossibilityof CME accelera-
tion at low heights.This cannotbe observeddirectly because
of the LASCO C2 �eld of view limit and the low imageca-
denceand�eld of view limit of EIT. The CME leadingedge
at lowerheightscorrespondsto thecoronalstructureoverlying
theerupting�lament, seee.g.,Mari�cić et al. (2004) andrefer-
encestherein.Accelerating�laments wherethetrajectorylater
matchestheCME trajectoryhavebeenobserved(see,e.g.Figs.
5 and6 in Qiu et al. 2001). In thecasesof observedCME ac-
celeration,it usuallyoccurswithin 2-3R� , duringtheeruptive
phasesof associated�ares (e.g.,Shanmugarajuet al. 2003). It
hasalsobeensuggestedthatCMEscanaccelaratecontinuously
from 3 to 7 R� (seeMoon etal. 2004andreferencestherein).

The Halo1 event is the most interestingof the threehalo
CMEs: theobserved(projected)CME speedis low at heights
3-5R� (210...335km s� 1), changinginto ahigherspeed(>400
km s� 1) after that. Thereare two �ares associatedwith this
event, and the CME velocity changehappensone hour after
thesecond�are. Both �ares areassociatedwith metric typeII
burstemission.A CME propagatingat avelocity lessthan300
km s� 1 is not likely to producea shock(asobservedat 06:15

UT, marked “hi1” in Fig. 9), or be able to produceanother
shock(“iz1”) at low heightswhen the CME front is already
above 3 R. In addition, the two DH type II bursts look like
a continuationof the two metric type II bursts.In the Halo2
andHalo3eventstheshocksignaturesin radiomatchrelatively
well with thebackwards-extrapolatedCME featureheights,al-
thoughHalo2is slow comparedto theAlfv énspeedit needsto
exceedto produceashock,seeFigs.10and11.

5. Results and discussion

We reporton �are andCME activity that originatedfrom the
sameactive region andoccurredwithin 12 hourson thesame
day, October30,2004.Theactivity includedthreehaloCMEs
that were associatedwith �ares and radio type II bursts,as
well asone�are andoneCME in betweenthehaloCMEsthat
alsoshowedshocksignatures.In addition,all halo-typeCME
eventswereassociatedwith similar-looking, large-scaleEUV
dimmings.

The�rst two haloCMEscouldbecalledslow if compared
to thehaloCMEspeedsonaverage.Theprojectedleadingfront
speedswere260and325km s� 1, respectively, measuredfrom
the�rst two availableLASCOimages.ThethirdhaloCME was
fast,920km s� 1. Observationshaveearlierassociatedonly fast
CMEs(>600km s� 1) with metric typeII radiobursts,mainly
becausethefastejectedmasscanactasa driver for theshock-
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Fig.9. EstimatedheliocentricCME heightsin solar radii (R) along
theselectedradialsfor theHalo1event,plottedover theGOESX-ray
�ux curve.An extrapolatedlinear�t ontheheight-timesfrom thelater
LASCOC3observationsis alsoshown. Verticaldottedline shows the
time of the earlier C2 observation when the CME could have been
observed if it was within the �eld of view. The height-timesof the
precedingCME1 arealsoshown. Type II burst timesandestimated
heights(height rangesde�ned by using 2-fold Newkirk and 2-fold
Saitocoronaldensitymodels)aremarked in the plot: “hi1” denotes
Hiras observationswherefundamentalemissionstartsat 06:15 UT
at 150 MHz, “iz1” denotesIzmiran observationswherefundamental
emissionstartsat 06:42UT at 90 MHz, “w1” denotesWIND RAD2
observationsof a DH type II burst startingat 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
Yunnanobservationswerelimited dueto badweatherconditions,but
thereis someindicationof another�lament eruptionnear06:26UT.
Black arrow shows the start timesof two GOES�ares at 06:04and
06:54 UT, and dashedarrows show the times when EIT dimmings
wereobserved (notethat therewereno available195 Å EIT images
nearthestartof thesecond�are, 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
dimmedareaswerelocatedapproximatelyat 0.4–0.6R on thedisk.

driven radio burst or becausefastCMEs areoften associated
with large impulsive �ares that can produceblast waves (a
shockis producedwhenthe speedof thedisturbanceexceeds
thelocalmagnetosonic,i.e.Alfv én,speed).

We have analysedthe eventsin order to establishplausi-
ble CME lift-o � timesandto determinethecauseof themet-
ric andDH typeII burststhatoccurredin associationwith the
slow CMEs. First, we useda CME speedmeasurementtech-
niquewheredistinctiveCME front featureswereidenti�ed and
height–timepositionsweremeasuredalongseveralradials.The
extrapolatedCME starttimesobtainedwith this methoddi� er
from the onesobtainedwith the CME Catalogmethod(mea-
surementsof the leadingfront along one radial). In the case
of the �rst halo CME (Halo1) the di� erenceis signi�cant,
giving a onehour time di� erence.A linear �t to the feature-
tracked height-timedatapointsgivesan estimatedCME start
time that coincideswell with the observed H� �lament erup-
tion. However, we have to take into accountthepossibility of
CME acceleration,althoughthe changefrom an accelerating
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Fig.10. As in Figure9 for the Halo2 event. The type II burst (fun-
damentalemissionlane)observedby AIP-Tremsdorf(“aip”) startsat
11:45UT at 140 MHz. Thereis a simultaneoustype II burst in the
AIP-Tremsdorfdynamicspectrawherefundamentalemissionstartsat
80 MHz, andtheheightof this burstexciter would bein betweenthe
“aip” and“dam” sourceheights.“dam” denotesNançay Decametric
Array observations of fundamentalemissionat 44 MHz startingat
11:58UT. The height-timesof theprecedingCME2 arealsoshown.
GOES�are startsat11:36UT.
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Fig.11. As in Figure9 for theHalo3event.The typeII burst (funda-
mentalemissionlane)observedby GBSRBS(“gb”) startsat16:30UT
at 65 MHz, andthereis a possiblecontinuationin theWIND RAD2
spectrumnear16:44UT at 14 MHz (“w3”). Theheight-timesof the
precedingCME3arealsoshown. GOES�are startsat16:14UT.

�lament to a constantvelocityCME is notalwaysclear(in the
absenceof directobservations).

Fromtheplot in Fig. 9 it is evidentthatthe�rst metrictype
II burstassociatedwith Halo1(“hi1”) couldhave beencreated
by thepropagatingCME only if theCME startedto accelerate
nearthetimeof the�are startat06:04UT. Thespeedof Halo1
is low, andthe CME would not be able to drive a shockand
causea type II burst in ordinarycoronalconditions.An EUV
dimming wasobserved threeminutesbeforethe type II burst
at loop footpointsin thenearbyregion, togetherwith loop os-
cillations/displacements.Theassociationbetweencoronalloop
oscillationsandmetric typeII burstswasrecentlypointedout
by Hudson& Warmuth(2004), andthey suggestedthattheos-
cillationsweretheresultof weakfast-modeshockwaves(�are
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blast waves) travelling throughthe corona.The waves could
explain both the type II burstsand Moreton waves.We �nd
no observationalevidenceof Moretonwavesin this case,but
it canbedueto thelimited numberof observationswe have in
H� andin EUV. TheDH typeII burst(“w1”) observedafterthe
metrictypeII burstsuggeststhateitherablastwavepropagated
to thatdistanceor theprecedingCME1 wasableto createthe
burst.However, CME1 wasevenslower thanHalo1andthere-
fore not a goodcandidateto be the burst exciter. CME1 and
Halo1 would have reachedthe sameheight, 6.5 R� , around
09:00UT, andHalo1 hadto propagatein the turbulent after-
�o ws of CME1. Hencethe coronaldensitiesthat were used
to determinethe type II burstdriver heightswould needto be
consideredcarefully. Thereis evenonemorepossibilityfor the
creationof the DH type II burst: Halo1 might have actedas
a sphericalpiston (Landau& Lifshitz 1987) and in that case
evena ”sub-sonic”expansioncouldhavecreateda shockin an
analogouswayasin thepressurepulsescenario(seeVr�snak&
Luli ć 2000).

The loop-like front of Halo1 wasvisible at height� 3 R�
at 06:54UT, whena C-class�are startedin theactive region.
A metric type II burst “iz1” occurredat 07:03UT (estimated
driver height 1.25–1.4R� ), followed by a DH type II burst
“w2” at 07:32 UT (estimateddriver height 2.7–3.7R� ). A
loop displacement/temperaturechangewas observed again,
but therewasno large-scaledimmingin EUV this time.There
arethreepossibilitiesfor themetric type II burst formationin
this case:A blast wave shock,shockproducedat the �anks
of Halo1,or a secondmassejectionstartingat the time of the
�are. A shockat the �anks of the CME is the leastprobable
explanation.Evenif shockformationis favouredat the �anks
insteadof the CME front, CMEs with speedsless than 600
km s� 1 may not be able to drive shocksaround2.5–3 R� ,
wheretheAlfv én speedhasits highestvalue(Vainio & Khan
2004). A blastwave scenariois moreprobable,althoughthe
only other indicationof it is the observed loop displacement
in EUV. The EIT imagecadencewas very low in this case
becauseof a gap in the 195 Å imagesbetween06:48 and
07:13UT, andthebrightenings/dimmingsdueto theprevious
event were still present.The H� observations 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/pu b/ arc hi ve/20 04/10 /3 0) .
This third possibility, a laterejection,hassupportfrom obser-
vationsby Moon et al. (2004) wherea CME getsaccelerated
when it is overrun by a fasterevent associatedwith a later
�are. It is possiblethatthefasterspeedof Halo1above5 R� is
connectedto a latereruption/ejection,astheC3featureheights
extrapolatedbackwardsmatchquite well with the “w2” burst
driver heights.A high-speedejectionafter Halo1 could have
“pushed” the slow speed Halo1, 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-scaledimmingsassociatedwith the second�are, a
secondlarge-scalemassdepletionis lesslikely.

Halo2 is alsoa relatively slow CME that acceleratesnear
5 R� . Theestimatedheightsof themetric typeII bursts,“aip”
and“dam” in Fig. 10, �t relatively well with theCME height-
timepro�les. If againHalo2wasacceleratingat thetimeof the
typeII bursts,theshockconditionwould havebeen�lled. The
fastdrifts (>2 MHz s� 1) observedat thebeginningof theburst
couldalsohave beencausedby a blastwave shock,similar to
theeventwherefast-drift type II-lik e burstsarein closeasso-
ciationwith a Moretonwave andanEIT wave (Pohjolainenet
al. 2001). Thereareno DH type II burstsassociatedwith this
event,andHalo2doesnot seemto have interactedwith previ-
ousCMEs,althoughit propagatesin thewakeof thefastCME2
(that occurredbetweenHalo1 and Halo2). The �rst signsof
loop displacements/dimmingswerevisibleat 11:36UT, which
is thetimeof theGOESX1.2 �are startandtheestimatedtime
of theHalo2start(linear�t extrapolatedbackwards).As a �la-
menteruptionwasobservedto begoingon beforethis time, it
is evident thata coronaldisturbancewasalreadyoccurringat
thetime of the�are start.

The third halo event, Halo3, looked similar to the other
two halo eventsin appearanceandin loop displacementsand
large-scaledimmings.Contraryto theothertwo halosit hada
high speedandit seemedto bedeceleratingafter reachingthe
height of 15 R� . A linear �t to the height-timesandextrap-
olation backwardsgivesa CME start time well after the �are
start.DisplacedEUV loops were observed ten minutesafter
the�are start,andthemetrictypeII burst“gb” (atheight1.37–
1.55 R� ) and its possiblecontinuation“w3” (2.35–2.95R� )
agreein timing andheightwith acoronaldisturbancethatcould
have beena �are-relatedshockwave.A shockwave propagat-
ing aheadof Halo3 could explain the height-timedi� erences
betweenthetypeII burstsandtheHalo3front.Sincetheremust
bea certaino� setbetweentheburstdriver andthebow-shock
(Russell& Mulligan 2002), this type II burst could alsohave
beenaCME-relatedbow shock.

Propagatingcoronalshocksneeddriverspeedsthatexceed
the local magnetosonicspeed.It doesnot seemprobablethat
CME frontswith speedsmuchlessthan400km s� 1 arecapa-
ble of driving a shock(type II burst exciter speedshave been
estimatedto bein therangeof 400–2000km s� 1). In our anal-
ysiswehavefoundevidenceof �are-relatedCME acceleration
in the casesof two slow halo CMEs. A �are blastwave and
a CME bow shockareboth goodcandidatesto be the type II
burst exciter in the third, fasthalo CME event.The repeating
�are-halo CMEs andlarge-scaledimmingsalsoshow that the
�eld canrestoreitself in 5-6 hours.Our resultsshow thatcare-
ful analysisisneededin determiningeventstarttimesandCME
speeds,asit is alwayspossiblethatCMEsaccelerate/decelerate
or that theCME materialoriginatesfrom morethanoneerup-
tion. In statisticalanalysisespecially, oneshouldbe awareof
thesecomplexities.
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