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ABSTRACT

Context. Jetswith velocitieshigherthan200km s� 1 areoftenobservedin theX-ray spectralrangein thesolaratmosphere,however, very few
suchobjectsareobservedin theEUV range.
Aims. We reporton aneruptive eventobserved in thesouth-westsideof a sunspot,within active region, AR0554,in a rangeof spectrallines
formedin thetransitionregion andcorona.
Methods. Themaindataweretime-seriesobservationsobtainedwith theCoronalDiagnosticSpectrometer(CDS),in additionto imagesfrom
the MichelsonDoppler Imager(MDI) andExtremeultraviolet ImagingTelescope(EIT) on boardthe SolarandHeliosphericObservatory.
Additionalhigh resolutionimagesfrom theTransitionRegionandCoronalExplorer(TRACE)werealsoused.
Results. The event brighteneda loop connectingthe sunspotanda bright-pointstructure,triggeringboth a high-speed�o w in the loop and
a transient,low-speedambient�o w into the sunspot.The energy releasedis quickly conductedto the chromosphere,asdeducedfrom the
TRACE 1600Å imagesandthelight curve of He i 522Å asseenby CDS.Theresultsfrom our multi-wavelengthstudyfurtherindicatesthat
the e� ect of the eruptive event may have reachedtemperatureshigherthan2 � 106 K. Relative Dopplervelocitiesof over 300 km s� 1 were
detectedin thetransitionregion line, O v 629Å.
Conclusions. Themulti-wavelengthanalysisindicatesthat theevent is likely dueto fastmagneticreconnectionin the transitionregion. The
velocitiesdetectedareconsistentwith theresultsobtainedby theevaporationjet model.
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1. Intr oduction

Energeticeventswith abruptbrightnessenhancementandhigh-
speedmaterialmotionshavelongbeenobservedin thesolarat-
mosphereby variousinstruments.Theseeventsareoftenclas-
si�ed basedonobservables,suchas,line pro�le variations,the
temperaturerangeover which theeventsaredetected,thedu-
rationof theevent,andthespeedof materialmotionassociated
with theevent.

Although it is well known that theseeventsare the con-
sequencesof magneticreconnectionand�ux cancellations,it
is still not clearwherethetriggeringof thebrighteningevents
happen.Understandingthe relationbetweenthe magneticac-
tivitiesandtheobservedbrighteningscanprovideinsightto the
physicalmechanismsof theheatingandtheenergy transportin
thesolaratmosphere.At thephotosphericlevel,magnetograms
haverevealeddynamicmagneticactivities,many of whichhave
beenassociatedwith featuresobservedin thelow atmosphere.

Solar surges, often observed in H� , are dark or bright
streamersstretchingout from sunspotregions(Roy 1973).The
material in the solar surge is believed to be densechromo-
sphericjetsmoving into thecorona(Rust& Webb1977).The
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jets canreachpeakvelocitiesof 50 – 200 km s� 1 andlast for
10– 20mins(Can�eld et al. 1996).

Another eruptive event in the lower atmosphereare
Ellerman bombs(Ellerman 1917). Theseare small-scale(<
500) andshort-lived (< 20 min) phenomenaoften observed in
theupperphotosphereand/or lower chromosphere.Their light
curvesshow rapidrisinganddecaying,and,aresymmetricrel-
ative to the brightnesspeak,(Qiu et al. 2000).They tend to
occuraroundsunspots.The bombsareassociatedwith di� er-
entmagneticfeatures,e.g. emerging �ux regions,magneticin-
versionlines,moving magneticfeatures(Nindos& Zirin 1998;
Qiu et al. 2000).

In the higher atmosphere,from the upper chromosphere
to the corona,eruptive phenomenasuchas explosive events
(or bi-directional jets) and blinkers are commonly detected
abovethequietSunareaswith weakandmixedpolarity �ux es
(Chaeet al. 1998;Madjarska& Doyle 2003),while extreme
ultraviolet (EUV) and X-ray jets have beenmostly observed
above the active regions that contain complicatedmagnetic
loop structuresandoccurrencesof small �ares/H� surges(e.g.
Schmiederet al. 1988;Chaeet al. 1999;Moon etal. 2004).

AlthoughtheregionswheretheexplosiveeventsandEUV
jetsaremostcommonlyseenaredi� erent,thevelocitiesof both
phenomenaaresimilar. Botharein therange100� 200km s� 1.
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Fig.1.TheTRACE171Å channelmapsat09:36:54UT (upperpanel)
and10:21:50UT (lower panel).North is up andEastto theright. The
contoursin the upperpanelmark the boundariesof the umbraand
penumbra,andthe two parallellines indicatethe NIS/CDSslit loca-
tionsat thebeginningandendof thetime-series.

For instance,Innesetal. (1997)reportedexplosiveeventswith
Dopplervelocities� 180km s� 1, andSchmiederet al. (1988),
by tracingthetrajectoryof thebrightnessmaximum,suggested
a propagationspeedof 100� 200 km s� 1 for an EUV jet ob-
servedin O v 1371Å.

Brueckner& Bartoe (1983), using the High Resolution
TelescopeandSpectrograph(HRTS),detectedjetswith veloci-
tiesupto 400km s� 1 in thetransition-zonelinesaboveaquiet-

Fig.2. TRACE171Å passbandmapsshowing thestructuralvariation
of thebright point over time.Theobservationtime is indicatedabove
eachcorrespondingmap.

Sunarea.Theauthorssuggestedthatjetswith velocitieshigher
than400km s� 1 maybebestobservedatcoronaltemperatures,
which were not coveredin the spectralrangeof their instru-
ment.

Thestatisticalstudyof onehundredX-ray jetsby Shimojo
et al. (1996)showsthatthejetsareoftenassociatedwith small
�ares andthatmany areejectedfrom bright-pointlikefeatures.
The velocitiesof the jets they studiedrangedfrom 10 – 1000
km s� 1 with anaveragevelocity � 200km s� 1.

The possibletriggering sourcesof EUV/X-ray jets have
beeninvestigatedby examining their morphologyand char-
acteristics,plus their correlationswith H� surges and other
magneticactivities.Theinvestigationshaveshown di� erentre-
sults.Rust & Webb (1977) found that the intensityenhance-
mentin X-ray loopsarebettercorrelatedwith H� �lament ac-
tivities thanwith H� surges.The authorsthusconcludedthat
H� surges,being cool ejectionsfollowing pre-existing �eld
lines,arenot associatedwith X-ray jetsandtheheatingof the
corona(Rustetal.1977).They suggested,however, thatit is the
H� �lament eruptionsthatareresponsiblefor thebrightenings
in the coronalloops.Can�eld et al. (1996), in contrast,indi-
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cateacloseassociationbetweenX-ray jetsandH� surgeseven
thoughthetwo eventsarenotco-spatial.Theresultsfrom Chae
et al. (1999)suggestthatH� surgesandEUV jetsaredynami-
cally connectedto eachotherbut arenot co-spatial.Usingthe
Yohkoh Soft X-ray Telescope,Shibataet al. (1992a)observed
many X-ray jets in thesolarcorona,which wereoftenassoci-
atedwith �ares in X-ray brightpoints,emerging�ux regionsor
active regions.Theresultsby Wang& Shi (1993)indicatethat
theenergy releasedby magneticactivity in thelow atmosphere
(e.g. H� surges)is insu� cientto supplycoronal�ares andheat
the corona.However, the authorspointedout that theselow-
atmosphericactivities play an importantrole in triggeringthe
eruptiveeventsin thecorona.

Exceptfor the resultsby Brueckner& Bartoe(1983),the
velocitiesof eruptiveeventsdetectedin UV/EUV havebeenbe-
low � 200km s� 1 while thevelocitiesfor X-ray jetscanreach
upto 1000km s� 1. Thedi� erencemaybedueto thedi� erence
in the soundspeedat di� erenttemperatures.Here,using the
Normal IncidenceSpectrometer(NIS) of CDS,we report the
detectionof aneruptive eventwhich increasedthe intensityin
several spectrallines, rangingfrom chromosphericto coronal
temperatures,by afactorof threein approximatelyoneminute.
Relative Dopplervelocitiesover 300 km s� 1 weredetectedin
the transitionregion line, O v 629Å. This is the �rst report
of suchhigh velocitiesbeingdetectedby NIS/CDS.Theevent
brighteneda loop connectingthesunspotto a bright-pointfea-
tureatthewestof thesunspot,whichmatchesthecharacteristic
locationof X-ray jetsbyShimojoetal. (1996).Weincorporated
imagesfrom theExtremeultraviolet ImagingTelescope(EIT)
Fe xii 195Å channelandthe TransitionRegion And Coronal
Explorer (TRACE) 171 Å and 1600 Å channels,along with
MichelsonDopplerImager(MDI) magnetograms,in orderto
determinethetrigger, thelocationandtheextentof this event.

2. Obser vations and data calibration

Thedatadiscussedherewereobtainedfrom datasets29526r01,
time-seriesobservation from 09:01:24 – 10:37:14 UT on
12 February2004 by NIS, one of the componentsof the
CoronalDiagnosticSpectrometer(CDS), on boardthe Solar
andHeliosphericObservatory (SoHO)(Harrisonet al. 1995).
During the 95-min observation, the pointing of the detector
was �x ed in spacewhile the Sun rotatedunder the �eld of
view (FOV). Theexposuretimewas30s,andthecadencewas
approximately37 s. Our observationsusedsix spectralwin-
dows containingthe following spectrallines: Si xii 520.8Å,
He i 522.2Å, Fexvi 335.4Å, Fexvi 360.8Å, Mg ix 368.1Å,
Mg x 625.0Å, andO v 629.8Å. Thetargetof theobservations
wasactive regionAR0554.

To haveanoverview of thefeaturesunderinvestigation,we
incorporatedimagesfrom EIT 195Å, andTRACE 171Å and
1600 Å passbands.We also usedMDI magnetogramsto ob-
taininformationonthephotosphericmagnetic�elds. Thenoise
andcosmicray contaminationin theTRACE imageswerere-
ducedby a numberof de-spike, de-streakandsmoothingrou-
tines.Theorientationsof EIT andMDI imageswerecorrected
for the e� ect of the SoHO instrumentsbeenturned180� for
our observation.In Fig. 1, we show an overview of theactive

region asseenin TRACE 171Å. Notethat thereis a dynamic
bright point at the south-westsideof the sunspot.A close-up
view of thestructuralvariationof thebright point over time is
further shown in Fig. 2. The loop connectingthe bright point
(at SolarX � � 23000) to the sunspotwasnot very prominent
at 09:36:54UT, but becamevery bright in the imagetaken at
10:21:50UT.

NIS/CDSdatawerecalibratedby themostup-to-datestan-
dard calibration routines in SolarSoft1, with the o� set be-
tweenNIS1andNIS2correctedusingtheroutinenis rotate .
As explainedin CDS Software Note No. 532, NIS/CDS line
pro�les were broadenedafter SoHO's recovery in October
1998.Therefore,eachspectralline was�tted by a broadened
Gaussian(BGaus)line pro�le function, andthe line intensity
was computedaccordingly. The errors in the line intensities
werecomputedbasedon theequationsin CDSSoftwareNote
No. 49. The relative Dopplervelocity, vd, at eachpixel along
the slit is determinedby multiplying the speedof light, c, by
therelativewavelengthdi� erencebetweenthewavelength(� i)
at that point andthe averagewavelength(� av) of thedataset,
thatis, vd = c � (� i � � av)=� av.

3. Features detected by diff erent instruments

In Fig. 3 (top threerows), we show the temporalvariations
of the line intensitiesalong the detectorslit (alsocalledX-T
slices).Thehorizontalis theSolarY coordinatesof thepixels
alongthe slit, and the vertical the time. At approximately60
min after thestartof theobservation,we seea suddenbright-
eningin all lines.To quantifytheamountof intensityenhance-
ment,we plot in the lower threerows the light curve of a se-
lectedpixel, Solar Y� � 4800, which is one of the locations
showing the large Doppler shifts and intensity enhancement
(also seeFig. 4 & 5). The light curvescorrespondto the lo-
cationmarkedby theblackdashedline in theX-T slices.The
plotsshow thatall six linesincreasedtheir intensitiesby a fac-
tor of three in only one time stepat � 57.6 min. However,
the light curvesat di� erenttemperaturesshow distinctive pat-
terns.The transition-region line, O v 629 Å, shows the earli-
estincreasein intensitywhile theincreasein otherlinesoccurs
slightly later. Theintensityof O v increasessuddenlyanddrops
very quickly, returning to the averagevalue � 10 min after
thesuddenenhancement.Thechromosphericline, He i 522Å,
demonstratesa sharpintensityincreaseanda very gradualde-
caying trend.By the end of the observation, the intensity of
He i remainsat a high value,ascomparedto that beforethe
event. Mg x 625 Å is the only coronalline wherethe inten-
sity increasessharply. Its intensityreachesthe �rst peakat �
60 min anda secondpeakjust before80 min from thebegin-
ning of the observation.The othercoronallines,Si xii 521 Å
andFexvi 335/361Å, show agradualincreaseanddecreasein
their intensities.Thedurationof thewholeenhancement-decay
processfor Si xii andFexvi is longerthan20min.

In Fig. 4 we show the line pro�les of O v 629 Å at dif-
ferentlocations,which is theonly line freefrom majorblend-

1 http://www.lmsal.com/solarsoft/
2 http://solar.bnsc.rl.ac.uk/
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Fig.3. Thetop threerowsaretheX-T slicesof theline intensitiesof thesix linesanalyzed.Thehorizontalaxisis theSolarY coordinatesalong
theslit, andtheverticalaxisis thetime.Thelower threerows show theline intensityvariationalongtheblackdashedlinesmarkedin theX-T
slices(SolarY� � 4800). Theunit of theintensityis photons/cm2/sec/arcsec2.

ing problems.Fromthesepro�les, a smalldeviation from one
Broadened-Gaussian�t canbeseenin theredwing at � ve lo-
cationsalongthe slit (cf. Fig. 4), oneof which is the marked
pixel (i.e. � 4800) in Fig. 3. Beforediscussingthepossibleim-
plicationsof a Doppler-shiftedline, we mustcheckfor weak
line blending.A possiblesourceis Mg viii 315Å in secondor-
der. Usinganactive region DEM from CHIANTI, the relative
strengthsof O v 629 Å andMg viii 315 Å is 1.3:1 in favour
of O v for a coronalabundanceand4.3:1 for a photospheric
abundance.Basedon thesecond-ordere� ciency curve(which
is a combinationof dataandtheory),the relative e� ciency is

25.6, hencethe O v 629 Å shouldbe a factor of 30 to 100
strongerthanMg viii 315Å in secondorderif thefeaturedoes
not have an abnormalshapedDEM distribution and/or abun-
dance.Basedon theline �ux increasesshown in Fig. 3 for O v
and Mg x, there is no large increasein the coronal line en-
hancementcomparedto the transitionregion line, hence,the
red-shiftedcomponentis notdueto secondorderline blending
but is a resultof a Dopplershift component.

TherelativeDopplervelocityimpliedfrom �tting thissmall
deviation is between230km s� 1and320km s� 1. In Fig. 5, we
selectpixel � 4800 to illustrate the generalpatternof the line-
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pro�le variationwith time. Thesmallbumpin theredwing is
only detectableat 57.6 min. This may be due to the limited
wavelengthresolutionin NIS/CDS,ratherthantheactualdura-
tion of theevent.In otherwords,thebumpis only measurable
at the time of the sharpestred-shift.The velocity mapof the
O v time seriesshows that in theregion of SolarY � � 2000to
� 5000, red-shiftsgreaterthan20 km s� 1 aredetectedthrough-
out thewholetimeseries.This indicatesthatmaterialhadbeen
continuously�o wing from thebright point into theumbraand
that the brighteningevent causeda suddensurge in the �o w.
Intriguingly, at the momentof the brighteningevent, a sud-
denred-shiftgreaterthan20km s� 1wasdetectedin theregion,
SolarY � � 2000to 1000. This red-shiftonly lastedfor approxi-
matelyoneminute.

To investigatethe origin of the brightening,we examined
the MDI magnetogramsplus the TRACE 1600 Å and EIT
Fe xii 195 Å images,which representfeaturesat the photo-
sphericandcoronallevels,respectively. TheEIT Fexii 195Å
imagestaken aroundthe time of the event are presentedin
Fig. 6. The�gure shows thatthebright point andtheconnect-
ing loop seenin the TRACE 171 Å images(Fig. 1) arealso
seenat the temperatureof EIT Fe xii 195 Å. Among all the
imagesin Fig. 6, we canseethat the loop is mostprominent
at 10:24:18UT, when the bright point is also the brightest.
The loop is blurry and fragmentedin other images,and the
bright point quickly decreasesin intensity in the last two im-
ages,which weretakenapproximately11.6min and23.6min
after 10:24:18UT. Despitethe large temporalgapsbetween
theimages,theEIT imagesindicatethat,at thetemperatureof
Fe xii 195 Å, the brighteningoccurredbetween10:13:55and
10:24:18UT. This is consistentwith thepossibletime (before
10:21:50UT) of the brighteningseenin the TRACE 171 Å
images(cf. Fig. 1) andalsothe intensityjump asrecordedby
NIS/CDS. Thesix TRACE 1600Å imagesin Fig. 7 werese-
lectedto illustratethevariationsof featuresat di� erenttimes.
The arrow pointsto the locationof the bright-pointstructure,
andthe squareencirclesa region that suddenlybrightenedup
in TRACE 1600 Å. We can seethat the square-enclosedre-
gion,whichwasdarkat09:41:29UT, showsasuddenanddra-
matic increasein emissionat 10:01:29UT, when the bright-
point region alsobecamethebrightest.In spiteof theabsence
of the imagesbetween09:41:29UT and10:01:29UT, we can
be certainthat the brighteningevent at the photospherelevel
happenedbeforeor at 10:01:29UT. The later imagesindicate
thatthesuddenbrighteningsin thesquare-enclosedregionand
the bright point graduallydispersedafterwards.However, the
intensity overall remainedsigni�cantly higher after than be-
fore the brightening.The coordinatesof the brighteningloop
in Fig. 1 andthesquare-enclosedregion in Fig. 7 indicatethat
the two regionsarespatiallycorrelated.Speci�cally, the sud-
denbrighteningis at theloweredgeof thepenumbrawherethe
left verticalline in Fig. 1 crossesthecontourof thepenumbra.

The series of MDI magnetograms taken before
10:00:03 UT are shown in Fig. 8. The observation time
is indicatedaboveeachimage.Thesquarein eachpanelis the
regioncorrespondingto thebrighteningseenin TRACE171Å
and1600Å images.We canseethattherearesmallbut contin-
uousmagneticactivities in this region.For example,thearrow

Fig.4. The line pro�les of O v 629Å at eight locationsasindicated
in eachpanel.The line pro�les, in units of photons/cm2/sec/arcsec2

(CDSSoftwareNoteNo. 34),areplottedagainstwavelength,Å, (up-
perX-axis)andthecorrespondingDopplerspeed(lower X-axis).The
solid lines are the original line pro�les, the dottedlines are the �t-
tedpro�les, andthedashlinesshow thepro�les of individual broad-
enedGaussian.ThesecondBroadened-Gaussian�t is apparentfrom
� � 4100 to � 5500, which indicatesthat the largeDopplershifts occur
at theselocations.This event is recordedat 09:59:00UT asindicated
in thetitle.

in thepanelof 09:53:03UT pointsatapositiveregion thatwas
invisible oneminuteearlier. A magneticcancelingfeaturecan
be seenbetween09:58:03UT and 10:00:03UT. The arrow
in the panel of 09:58:03UT points to a negative magnetic
region with a positive counterpartat its lower-right side.The
negative region was canceledout and becameundetectable
by 10:00:03UT. Thesedynamicmagneticactivities may be
related to the brighteningsseenin the higher temperatures
lines.The time delayof the phenomenaobserved in di� erent
temperaturelayers, as illustrated in Fig. 1, 3, 6, 7, and 8,
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Fig.5. The temporalvariationof line pro�les of O v 629 Å at Solar
Y � � 4800. The time lapsefrom the beginning of the observation,
09:01:24UT, is indicatedin eachpanel.The axis and the line pro-
�les arethesameasdescribedin Fig. 4 Exceptfor thepanelof 57.6
min, thesolid line (original pro�le) is �tted very well by onebroad-
enedGaussian.In the panelof 57.6min, thereis a prominentbump
at the red wing of the line, andan additionalbroadenedGaussianis
requiredto �t thewholeline pro�le.

seemsto suggestthat the e� ect of the photosphericmagnetic
activitiespropagatesto thehigheratmosphere.

4. Discussion

Comparisonsandassociationsamongsolaratmosphericactiv-
ities in di� erentlayerscanprovideinsightto theenergy source
andpropagationin the corona.In the following, we will dis-
cusspossiblerelationsamongthe eruptive event detectedby
NIS/CDS,thephenomenadetectedin boththehighandlow at-
mosphere,andthemagneticactivity at thephotosphericlevel,
in thehopeof identifying thesourceof theeruptive eventand
its extent.

Theregionof interestcontainscontinuousmagneticactivi-
ties,asevidencedby theMDI magnetograms(Fig.8).Thereare
smallmagneticbipolesconstantlyemerging anddisappearing,
which is themanifestationof magneticreconnectionandanni-
hilation. In theTRACE 1600Å images(Fig. 7), thedark �la-
mentsradiatingoutfrom thesunspotbecomewell de�nedafter
10:01:29UT, in which a signi�cant brighteningat thebound-
ary of thepenumbrais detected(thesquaredregion in Fig. 7).
At theleft sideof thebrightening,thereis a dark�lament pro-
truding southward. This brighteninggraduallydecreasesand
becomesfragmentedby 10:30:28UT, whenthedark �lament
fadedinto thebackground.However, this region remainedsig-
ni�cantly brighter than beforethe event happened.The dark
�lament, stretchingout from the sunspotand connectingto
thebrightening,resemblessolarsurgephenomenadescribedby
Roy (1973).However, thelifetime of the�lament, estimatedas
the time betweenits �rst appearanceandthemomentit faded
into thebackground,is approximately30 min, which is longer
thanthe typical durationof a surge (10 – 20 min). As for the
brightening,its proximity to thesunspot,correlationwith mag-

Fig.6. EIT 195 Å images.The observation time is indicatedabove
eachpanel.Among all the panels,the bright point becamebrightest
andthe loop extendingfrom the left sideof thebright point became
mostprominentat 10:24:18UT. The last two images,taken approx-
imately 11.6 min and 23.6 min later, show that the intensity of the
bright pointhaddecreasedandtheloop hadbecameblurredandfrag-
mented.

netic activities, andthe temperaturelayer whereit is detected
suggestthat it be a potentialcandidatefor an Ellermanbomb
(Ellerman1917;Qiu etal. 2000).However, its size(� 1500long
and� 600wide)is toobig,andits brightnessdoesnotshow rapid
decay(Qiu etal.2000);instead,thebrightnessvariationresem-
bleswell with the light curve of He i 522.4Å (cf. Fig. 3), in
which the intensitydropsslowly andremainshigherthanthe
intensitybeforetheevent.

Thebrighteningseenin TRACE 1600Å couldresultfrom
either the magneticactivities seenin the MDI magnetograms
or thehigh-velocity, eruptiveeventdetectedin NIS/CDSspec-
tral lines, or from both. If the continuousmagneticactivities
arethecause,thereshouldbeeithermultiple brighteningscor-
respondingto theseriesof reconnectionsor agradualdevelop-
mentof brightnessresultingfrom theaccumulationof theen-
ergy releasedfrom thereconnection.Neitherof thesematches
the brightnessvariation seenin TRACE 1600 Å. Therefore,
we suspectthat the eruptive event detectedin the NIS/CDS



Lin et al.: High velocityeventneara sunspot 7

Fig.7. TRACE 1600 Å channelmaps.The regions marked by the
squareandthearrow werenotprominentat09:41:29UT, but suddenly
becameverybrightat10:01:29UT. Theintensitygraduallydispersed,
andthetwo bright regionsbecamefragmentedafter10:20:32UT.

spectrallinesmaylikely bethesource.In addition,comparing
Fig. 1 andFig. 7, we canseethat theTRACE 1600Å bright-
eningcoincideswith the foot-point of the bright loop seenin
TRACE 171 Å. Therefore,the TRACE 1600 Å brightening
may be a manifestationof material�o wing down to the foot-
point at thechromosphere.Thespeculationis strengthenedby
the resemblancebetweenthe light curve of He i 522.4Å and
thebrightnessvariationseenin TRACE1600Å.

As illustratedin Fig. 3, the temporalvariationsof the line
intensitiesat di� erenttemperaturesaredistinctively di� erent.
The transition-region line, O v, shows a sharpincreaseand
fastestdecrease;thechromosphericline,Hei, increasessharply
but decreasesslowly; thecoronallines,Mg x andSi xii, reaches
maximumtwice (just after 60 min andat � 75 min) andthen
graduallydecreases;the hotter coronalline, Fe xvi, shows a
roughlysymmetricpro�le relative to theintensityapex. In ad-
dition, thecoronallinesreachtheirapex ata latertimethanthe
transitionregionline,Ov. TheDopplervelocitiesinferredfrom
the line shiftsof O v 629Å, rangingfrom 230to 320km s� 1,
arehigherthanthe typical velocity, � 150km s� 1, detectedin

explosive events(e.g. Teriacaet al. 2002),but are in the ve-
locity range(30 � 400 km s� 1) of most X-ray jets (Shimojo
et al. 1996).However, Brueckner& Bartoe(1983),analyzing
transition-zonespectrafrom HRTS, reporteda typeof jet with
velocitiesincreasingrapidly with time andreachingup to 400
km s� 1. Theauthorssuspectedthatjetsof highervelocitymight
eithermoveoutof the�eld of view of thedetectoror beheated
to coronaltemperatures,whichwerenotdetectablein thespec-
tral rangeof their instrument.Their resultsandthe velocities
reportedin this paperindicatethat materialat transition-zone
temperaturescanreachvelocitiesseveraltimesgreaterthanthe
local soundspeed.Theenergy releasedfrom thereconnection
is quickly dissipatedfrom thesiteandconductedto the lower
atmosphere,in additionto heatingthecorona,which mayex-
plainthefastintensitydropin O v andthegradualdropin other
lines.

Basedon themodelproposedby Wang& Shi (1993),the
continuousslow reconnection,as seenin the MDI magne-
tograms(Fig. 8), canheattheatmosphereandcausetherising
motion of the magnetic�elds (emergenceof magnetic�ux).
The uprising �ux pressesthe overlying large-scalemagnetic
loops,andcreatesa currentsheetin between.Eventually, an
eruptive reconnectionhappenswhena critical stateis reached
in the current sheet.The velocitieswe detectare consistent
with theresultsobtainedby theevaporationjet model(Shimojo
etal.1996,2001;Miyagoshi& Yokoyama2004).Accordingto
themodel,bothcold andhot plasmaareacceleratedby there-
connected�eld lines. The energy releasedby the ejectedhot
plasmais conductedto the lower atmosphere.The evapora-
tion �o w thuscreatedcanreacha maximumvelocity � 3Cs �
1500(T=107K)1=2 km s� 1, whereCs andT arethesoundspeed
andtemperatureof the�o w. Thevelocitiesobtainedfrom their
model are consistentwith the observed jet velocity reported
here.More recently, the three-dimensionalnumericalsimula-
tions by Archontis et al. (2004) show that the plasmabeing
pushedaway by the emerging magnetic�ux have velocities
� 24 km s� 1, which is consistentwith the red-shiftvelocities
we detectedin thesurroundingareaof theeruptivehigh-speed
event.

Numericalsimulationsof magneticreconnectionbetween
the emerging �ux and overlying horizontal coronal �eld by
Shibataet al. (1992b)show that �lament eruptionsand cool
and hot plasmaejections(i.e. H� surgesand X-ray jets) are
all partof thereconnectionprocess.Their modelalsosuggests
that H� surgesand X-ray jets can be observed at nearly the
sameplaceif themagnetic�eld andtheemerging �ux satisfy
certaingeometries.

5. Conc lusions

We detectedan eruptive event with Doppler red-shift veloci-
tiesbetween230and320km s� 1 in thesouth-westsideof the
sunspotin theactiveregion,AR0554.Thehighvelocitieswere
detectedover a spatialextent of � 1300. Suchvelocitieshave
never beenobserved by the CDS instrument,and are rarely
seenin the EUV spectralrange.The event brighteneda loop
connectingasunspotandabright-pointstructurelocatedat the
south-westof the sunspot.The red-shiftsandthe pointing di-
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Fig.8.TheMDI magnetogramsshow thetemporalvariationof thephotosphericmagnetic�elds. Smallbut dynamicmagnetic�elds of opposite
polaritiescanbeseencontinuouslyemergingandcancelingout in theregion enclosedby thewhite square.Thearrows point out two magnetic
cancelingfeatures.This region overlapsthe locationsof theline intensityincreasedetectedby NIS/CDSandthebrighteningseenin TRACE
171Å and1600Å channels.

rectionrelativeto thesiteof theeventindicatethattheeventre-
sultedin ahigh-speed�o w moving from thebright-pointstruc-
ture into thesunspot.Intriguingly, at themomentof theerup-
tive eventat thesouth-westsideof thesunspot,anabruptred-
shift greaterthan20 km s� 1 wasdetectedat thenorth-western
boundaryof thesunspot.Thisnorth-westernred-shiftextended
from SolarY � � 2000to 1000, andonly lastedfor approximately
oneminute.Thissuddenin-�o w in thewestsideof thesunspot
may be triggeredby the eruptive eventpushingaway the sur-
roundingplasma.

The origin of the event is likely to be a magneticrecon-
nectionin thetransitionregion.Theenergy releasedis quickly
conductedto the loop foot-point in the chromosphere,asev-
idencedby TRACE 1600 Å imagesand the light curve of
He i 522 Å. The brighteningand intensity enhancementde-
tectedin thecoronallinesindicatethattheenergy alsoa� ected
thecorona.TheresultsfromNIS/CDSindicatethatthee� ectof
theeruptive eventmayhave reachedtemperatureshigherthan
2 � 106 K.

Our resultsarebestexplainedby theemerging �ux model
proposedby Shibataetal. (1992b),Archontisetal. (2004),and
thetwo-stepscenariosuggestedby Wang& Shi (1993).Wang
& Shi (1993)suggestedthattheenergy releasedfrom thecon-
tinuousslow magneticreconnection(�rst-step reconnection)

in the lower atmosphere,can heatthe atmosphereand cause
magnetic�elds rising from the photosphereto the upperat-
mosphere.Whentheemergingmagnetic�ux reachesthecoro-
nal level, it pressestheoverlying coronalmagnetic�elds. The
stressdueto thepressurewouldgraduallybuild up in theinter-
face(acurrentsheet),andeventuallyleadto afastreconnection
oncea critical stateis reached(Shibataet al. 1992b),which is
theso-calledsecond-stepreconnectionby Wang& Shi (1993).
The eruptionof the magnetic�ux cantrigger a down-�o w in
theneighbourhoodby pushingawaythepre-existingplasmain
thesurroundingareaassuggestedby Archontiset al. (2004).
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