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ABSTRACT

We report the observation of a Coronal Mass Ejection
(CME) detected on June 27 1999 by the UltraViolet Coro-
nagraph Spectrometer (UVCS) telescope operating on
board the SOHO spacecraft. The CME, whose leading
edge was expanding at a projected speed of about 1200
km s1, was observed in white light by the Large Angle
Spectroscopic Coronagraph (LASCO). The UVCS spec-
tra reveal excess broadening of thevyQdoublet lines and
enhancement in the intensity of the)8i lines due to the
motion of expanding hot material. The evolution of the
UVCS structure is highly correlated to the evolution of
the CME observed by LASCO in white light, so that the
hot gas emission could be attributable to the passage of a
shock wave propagating just in front of the fast CME.

Key words: Plasmas — Coronal Mass Ejections (CMESs) —
Flares —Corona — UV radiation — Shock waves.

1. INTRODUCTION

Coronal Mass Ejections are usually related to flares and
prominence eruptions but some CMEs appear to be un-
connected to these solar events (Klassen et al 1999).
Priest (1984) points out that the eruption of huge quies-
cent prominences could generate shock waves propagat-
ing ahead of the ejected material and violent solar flares
could produce shock waves which are revealed by radio
emission of accelerated particles of Type Il bursts. Fast
coronal mass ejections (CMES), with speeds greater than
the Alfvén speed of the local plasma, generate waves,
which propagate in front of the cooler CME material.
Shock waves can accelerate light (electrons) as well as
heavy (ions) coronal particles. Sheeley (2000) found that
fast Type Il radio bursts, which are considered to be a
signature of coronal shock waves, are often associated
with large-scale coronal mass ejections (see also Gold
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1955). However, the source(s) of coronal shock waves
is (are) not yet completely clear. This is because the re-
lation between flares, CMEs and coronal Type Il radio
bursts is still not understood very well. One reason is that
they (shock waves) are difficult to detect except by ra-
dio bursts. The source region of these bursts is, however,
often difficult to localize.

Extreme ultraviolet spectral observations can provide
new and unique insights into the physics of CMEs ob-
served by LASCO and EIT aboard SOHO. These two in-
struments image the evolution and morphology of CMEs
in two dimensions. Ultraviolet spectral analysis with suf-
ficiently high spectral resolution can extend the study of
CME evolution into the third dimension through Doppler
shift analysis. The Doppler shifts are particularly impor-
tant for investigating the helical motions expected from
some flux rope models of CMEs (e.g. Krall et al. 2001)
and can provide useful dynamical constraints on other
CME models (Antiochos et al. 1999). Moreover, UV di-
agnostics allow for density and temperature diagnostics,
yielding a means for distinguishing between hot and cold
material through the analysis of the intensity of different
emission lines.

UVCS observations of CMEs usually show emission in
low to moderate ionization stages, while the emission
of higher charged ions becomes fainter or remains un-
changed (Raymond 2002). In some cases, UV spectra
show emission from higher ionization states that can be
interpreted as emission from collisionless shock waves
detected in connection with the CME eruption (Raymond
et al. 2000; Mancuso et al. 2002) or related to reconnec-
tion current sheets (Ciaravella et al. 2002). This paper is
devoted to the analysis of a CME observed by UVCS on
June 27 1999. The peculiarity of this event is related to
the propagation of a hot structure detected in th&iSi
emission line along the slit positioned at 2.83,. The

Si XIl emission is apparently related to an opening loop
connected to a simultaneous CME eruption observed by
both EIT on the disk and LASCO off the limb. The event
was also accompanied by a shock wave, that was detected
as a typal radio burst by radio spectrographs.
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2. OBSER/ATIONS AND DATA ANALYSIS

Theresultsdiscussedn the presenpaperhave beenob-
tainedfrom obsenationsmadeon 1999June27 by differ-
entinstrumentsaboardthe SOHO spacecraf(Solarand
HeliosphericObsenatory: Domingoet al. 1995). The
analysiof thiseventalsoreliesonradiospectraecorded
by thedecametriarrayof Nancay(Franceandthelzmi-
ranradiospectrograpfRussiajn additionto information
obtainedby the Soft X-Ray Telescopeon boardYohkoh
(Yohkoh/SXT).

2.1. UVCSobsenations

TheUltraviolet CoronagraplspectrometefUvVCS) mea-
suresthe intensitiesand profiles of ultraviolet emission
linesin the coronaalonga slit, which is placedbetween
1.5and 10 Rg from Sun center(Kohl et al. 1995 &
1997). Coronalspectraare acquiredin two spectrome-
ter channelstheLya channelwhich coversthe rangeof
1160to 1350A andthe O vi channelcoveringtherange
of 940—1123A. OurobsenationsutilizedtheO vi chan-
nel that is optimizedfor the study of the O vi doublet
A1031.92 andA1037.61.

The UVCS obsenation sequencaliscussechere began
onJune26 1999at 22:26 UT andfinishedon June27 at
15:01UT. Theslit waslocatedin the north-westerrpart
of thesolarcoronaat 330degreescounterclockwisdérom

thenorth pole. Spectravereobtainedfor differenthelio-
centricdistancesetween2.0 and3.09 R. In orderto

obtain good statistics,differentexposuretimes andslits
with differentwidthswereusedat differentaltitudes.For

theO vi channeljn orderto reducethenoisetheobtained
spectraverebinnedby two pixelsperbin in the spectral
directionandby 6 pixelsperbin in the spatialdirection.
Four wavelengthdomainswere recordedat eachexpo-
sure:thefirst wavelengthrangecontainsH | Ly A1025,

the O vI doublet A\1031.92 and A1037.61 and Si X1

A520.66; thesecondnecontainghe Si X11 A\499.37 line

(the Si x11 linesareobsenedin secondrderin theO vi

channel)thethird rangecontainsH | Lya A1215.67 and
the fourth rangecontainsMg X A609.76.

In thedatareductionwe followedthestandardechniques
describedy Kohl etal. (1997& 1999).We usedthenew
versionDAS33of the UVCS DataAnalysisSoftwarefor
wavelengthandintensitycalibration,andremoval of im-
agedistortion. The uncertaintiesn the O vi line inten-
sities are due to photoncountingstatistics,background
subtractionandradiometriccalibration.

Of particularinterestare three exposuresmadeat 2.55
R from Suncentreshovn in Figurel. Theseexposures
are remarkablebecausethey reveal emissionin Si X1
(Sixi1 doubletlines A520.66 andA499.37), whichis rare
in CMEs. Thesedlinesarepresensignificantlyabove the
noiseonly alonga small part of the slit (lying between
the horizontalwhite barsin Figurel for A520.66). The
spatiallocationsof the emissionof Si x11 A\499.37 on
the slit coincidewith that of Si xI11 A\520.66. By fol-
lowing the location of Si X1 emissionit is possibleto
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Figure 1. Thethree UVCSexposueson which the hot
gasemissionis seen. The spectal lines shownare H |
Ly-8 A1025 (around pixel 20), the O vI doublet\1032
and A1037 (around pixels 50 and 75, respectivelyand
the SixI1 A520.66 line (aroundpixel 95). Thelocationof
the hot gasemissionis indicatedby two horizontallines
on eac panel. Theobservedstructure is responsibldor
a local intensityenhancemendf the O vi doubletlines
andalsoof theemissiorof the Six11 A\520.66 line. This
structuie is propagatingtoward the lower part of the slit
(propagationtowardsthe north polein thecorona).

obsene the propagatiorof hot gasalongthe UVCS slit
towardits lowerend(correspondingo thenorthdirection
in the corona). Theseexposureswere obtainedrespec-
tively from 09:05to 09:15UT, 09:15to0 09:25UT, and
09:25t0 09:35UT with anexposuretime of 600seconds
each.Thismoving hotgasis accompaniethy aco-spatial
intensity enhancemerdind broadeningof the O vi dou-
bletlines(A1031.92 andA1037.61).

In Figure2 we plot the averageof thethreeUVCS spec-
tra integratedover the spatialpixels exhibiting enhanced
Si xI1 emission.Thetwo O V1 linesaredistinctly asym-
metric, exhibiting extendedwings towardslongerwave-
lengths.They havethereforebeerfitted by two Gaussians
plus backgroundeach,while we useda single Gaussian
plus backgroundor eachof the Si x11 lines. Thefull fit
(solid lines) aswell asthe individual Gaussianareplot-
tedin Figure?2.

The total intensity ratio of the O viI doubletlines, i.e.
the ratio of the areaundereachspectralline, obtained
after subtractingthe continuum,is equalto 1.86. Inten-
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Figure 2. Spectaintegratedoverthespatialpixelswhere
the intensityenhancemenwvasdetectedn the UVCSob-
servationsfor the three exposues shownin Figure 1
(signs+). The solid curve is a fit of the observed-
averagedspectrunby Gaussiarfunctions.TheO vi lines
arefittedbytwo Gaussiangad andtheSixIi line byone
Gaussian.TheDopplershiftsof the differentcomponents
(narrow and broad componentspf the O viI doubletare
not equalto the atomicsepaation of thetwo lines. This
is dueto the quality of the signalandto thefit.

sity ratioslower than2 areonly obtainedwhenthe O v
A1037.61 line is subjectto the opticalpumpingdueto the
C 11 linesat A1036. This occursfor high Dopplershifts.
However, the intensity ratio of the two narrov compo-
nents(dottedprofilesin Figure2) is equalto 2.99,while
thatof thewide component¢dot-dashegrofiles)is equal
to 1.53. This last value correspondso speedsof about
300-400km s~' for the O vI ions (seePatsouraks &
Vial 2000andLi etal. 1998),suggestinghatthe broad
componenis associatedvith moving gas,i.e. with the
CME. The visible Doppler shift betweenthe broadand
narrov componentss about~ 50 — 100 km s~! which
corresponddo the net line-of-sight componentof this
motion. The quality of the fit affectsthesevaluesthat
canbehigher The narrav component®f the O vi lines
are due to the background-forground coronacontribu-
tion alongthe line of sight. They have line widths and
intensity ratios comparablevith thoseat the sameposi-
tions along the slit beforethe CME. Note that the last
framerecordedprior to thefirst appearancef the Si x11
emission(08:50-09:08JT) shavsasmallsignof abroad
componentn theO vI lineshbut it is farlessconspicuous
asin thethreefollowing exposuregFigurel).

In orderto obtaina betterpictureof the whole eventwe
next consideseriesnf EIT/SoHOandLASCO/SoHOIm-
ages.

2.2. EIT andLASCO obsenations

A soft X-ray flare (M10) wasobsenedby GOESto start
at 8:34 UT (with maximumintensityat 8:44 UT) in the
activeregion AR 8592 locatedatN23W25. EIT images
obtainedbnJune27 1999from 6:00UT to 12:00UT have
beenexaminedto checkif this eventis relatedto theejec-
tion of the CME deducedrom UVCS obsenationsand
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Figure 3. DifferencebetweerconsecutiveElT A\195 im-
agesshowingthe onsetof the CME aswell asthe erup-
tion of a systenof loopsto which the structuie observed
by UVCSseemso berelated. Theeruptingloop system
is indicatedby arrowsonthesecondandthethird panels.

if therewere othereventsin the sameregion. To better
reveal variableand dynamiceventswe form differences
betweenconsecutie EIT A195 images,plottedin Fig-
ure 3. Theimagedifferenceshows thattherearetwo in-
dependentlynamicfeatures.Firstly, the CME obsened
at solarcoordinateq338°, 86°) roughly corresponding
to pixel coordinateq240, 140) in Figure 3. Secondly
the eruptionof a systemof loops. On the secondpanel
of Figure 3, this featureis visible asa bright structure,
while in thethird panelof the samefigureit is visible as
a dark structure(shavn by white arrowvs). This combi-
nationsuggestshatthe off-limb partof the openingloop
wasonly visible ononeEIT image,namelytheonemade
at 8:48 UT. This implies that this loop either whipped
pastor fadedvery rapidly. Assumingthatit hadleft the
field of view within thetime betweer2 images(12 min-
utes)we obtaina lower limit for its speedof morethen
700km s~! (assumingt to betravelingradially outwards
from theSun). This valueis consistentvith the speedle-
ducedfrom theUVCS data(broadcomponenof theO vi
lines). Actually, taking the locationandtime of the dis-
turbanceonthe EIT imageandassumingt to travel radi-
ally outwards,it would crossthe UVCS slit atthetime of
thefirst exposureshonving enhancedbi x 11 emission|f it
weretraveling radially at morethen1000km s~1. The
obsened motion of the openingloop systemand of the
CME materialis affectedby projectioneffectsdueto the
motion out of the planeof thesky. Thus,a 15" errorin
the direction of the propagatioreadsto a ~ 50 km s!
errorin thepropagatiorspeed.

Accordingto the CME cataloguethe coronagrapltC2 of
LASCO detectedthe CME material of the eruptingfil-

amentat about9:06 UT over the north pole. The cen-
tral position angle of the eruptionwas around349 de-
greescounterclockwiseavith respecto the north, with a
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Figure4. LASCOC2 coronagraphimagesgivingthespa-
tial evolutionof theeruptedsystenofloopsaswell asthe
CME material observedn white light. Theimageshave
beensharpenedisingwaveletpadets(Stenbog and Co-
belli, 2003).

full angularwidth of 86° . Figure4 shows the evolution
of the ejectedmaterialasobsenedby LASCO. In white
light, we canobsene a structurepropagatingoward the
north pole. In addition, there are also signs of an ex-
pandinghalo, with a seeminglyradial propagatiordirec-
tion. LASCO differenceimagesshonv an enhancement
of the brightnessof the streamerbelt at the samemo-
ment,but no deflection.This structureobseredin white
light propagatingowardthenorthpolehasthesamegen-
eral characteristicef propagatiorasthe Si x11 emission
alongthe UVCS slit. At thesametime, the curvedshape
of thewhite light brightening(seelastframeof Figure4)
is similar to that of the openingloop detecteckarlierby
EIT (but with a differentinclination with respectto the
polar axis). Also, its directionof motion correspondso
the one expectedfor an openingsystemof loops. Thus,
the hot UVCS structuremay berelatedto the eruptionof
the systemof hotloops.

The speedof the CME was obtainedfrom the online
SoHO/LASCOCME catalogugYashiroet al. 2002),in

which CME kinematicsareestimatecandcompiledfrom

LASCO C2 andC3images. The CME speedprojected
on the plane of the sky, estimatedfrom a linear fit to

the height-timemeasurementss found to be about900
km s~1. However, accordingto the databasea quadratic
fit producesa muchbetterfit to theLASCO sequencand
extrapolationto 2.55 solarradii yields a speedof about
1180kms~!. Herewe needo payattentiorto theprojec-
tion effect becausehe speeddistedin the catalogueare
derivedfrom theimagesprojectedonthesky plane.Con-
sequentlywe canassumehatthe CME speednusthave

beensomavhathigherthanabout1200km s~!, making
it a fastCME. The estimatedspeedis at oddswith the
speedof the hot featureobsenedby UVCS, eventaking

into accountpossibleprojectioneffects.

2.3. Radioobsenations

On 1999June27,the NancayDecameteArray (France)
detectedtypell radioburstbetweer08:42and08:51UT
in thefrequeng rangeof 20-70MHz. TypelIl radiobursts
appeamsbandsof enhancedadioemissionslowly drift-
ing from high to low frequenciesn dynamicradio spec-
tra. Thesebandsareconsideredo bethesignatureof the
associateghockwave traveling outwardsin the corona.
The sameeventwasalso obsened by the Izmiran radio
spectrograph(Russia)at aboutthe sametime between
08:41and08:51UT in the frequeny rangebetweed5
and 130 MHz. Althoughthe fundamentabndharmonic
lanewerenot clearly discernabledueto the concomitant
presencef atypelv radioburstandanoisestorm,it was
possibleto obtain a rough estimateof the shockspeed
of about1000km s (R. Gorgutsa privatecommunica-
tion). This speeds consistentvith the obsernedspeedf
theleadingedgeof the CME mentionedabove, implying
thatthe shockcouldbe piston-driven. A fastMHD mode
shockmay also explain the obsenations. However, an
exactestimateof theshockspeedandits relationwith the
CME is beyondthe scopeof the presentstudy

3. DISCUSSION

The featureobsened propagatingalong the UVCS slit

in EUV (ExtremeUltraviolet) lines (O vI doubletand
Si X11) is characterizedy line broadeningand excess
emissionof lineswith high formationtemperature This
is in addition to Doppler shifts of theselines with re-
spectto the foreground-backgound coronal emission.
The emissionof the Si x11 line indicatesthe presencef

hot materialor thata heatingmechanisnis actingon the
plasmain the obsenedregion. This latter could be also
the sourceof the line broadeningobsened for the O v

lines.

Accordingto the evolution of theinclinationangleof the
openedoop andthe radial distanceof the bright bubble
upperextremity, it seemghatEIT andLASCO wereob-
servingthe samestructureat differentaltitudesand dif-

ferenttimes. Note that,assuminga radial motion on the
plane of the sky, the speedof the bright structureini-

tially exceeds1000km s~!. One expectsthe creation
of a shockwave in front of this very fastmaterialtrav-

eling alongthe flux rope. Note alsothe existenceof fast
acceleratiorof the openedloop at the beginning of the
event, followed by a decelerationas deducedrom the
evolution of radialdistanceof the bright bubble.

TheEUV structureis correlatedspatiallyandtemporally
to visible obsenationsdoneby LASCO. Figure5 shavs
the temporaland spatialevolution of the Si xI11 feature
obsened by UVCS (solid curves)andthat of the CME
material obsered by the coronagraphC2 of LASCO
(dashecturves). Thesecurvesgive the brightnessalong
the UVCS slit (seeFigure5) of the Si x11 A520.66 line
(for UVCS obsenations)andthe white light brightness
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Figure 5. Evolutionof the spatial distribution of bright-
ness. The solid curvesrepresentSi X1 intensityalong
theslit in thethreeUVCSexposues(seeFigure 1). \er-

tical location of eadh curve correspondgo the time at
which the data were recoded. Thevisible-light bright-
nesgecoidedby LASCOC2 at threedifferenttimesalong
the UVCSsilit (seeFigure 1) is representedby the dot-
dashedcurves.Theleft of the Figure extendsheyondthe
UVCSslit in order to allow the brightnesspeal in the
LASCOimage taken at 9:54 to be plotted. Symbols(x)

and (+) displaythe maximaof thetime-dependergmis-
sionof the Six11 A520.66 andof whitelight, respectively
Clearly, the hot gas(UVCS)is propagatingjustin front
of thecoldermaterial (LASCO).

(LASCO obsenations). The fixed featurein the right
partsof the dashed(i.e. LASCO) curvescorrespondo
the narrav streamercrossingthe right half of the UVCS
slit. The featureobsenedin the EUV line andthat ob-
sened in white light are both propagatingin the same
direction (toward the left part of the panel,which corre-
spondgo thenorthpoledirection). This evolution shavs
that the EUV featureis propagatingust in front of the
openingloop.

4. CONCLUSIONS

We reporton a CME obsened on June27 1999 by the
UVCS telescope Emissionof hot materialhasbeenob-

senedby UVCS propagatingn front of anopeningsys-
tem of loopssimultaneouslyvith a CME. The evolution

of the UVCS structurewasfoundto be highly correlated
to theevolution of theopenedoop obsenedby LASCO.

The peculiarity of this event is relatedto the propaga-
tion of ahotstructuredetectedalongtheslit positionedat

2.55solarradii in the Si x11 emissionline that seemgo

berelatedto anopeningloop obsenedin connectiorto a

simultaneou€ME eruptionby bothEIT andLASCO on

the disk. The broadeningof the O vI doubletlines and
theenhancemerdf the Si x11 AX520.66 and499.37lines

wasdueto the expandinghotgas.The eventwasalsore-

latedto ashockwave, detectecasatypeli radioburstby

radiospectrographs.
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