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ABSTRACT

Context. Jetswith velocitieshigherthan200km s * areoftenobseredin the X-ray spectrakangein the solaratmospherehowever, very few
suchobjectsareobseredin the EUV range.

Aims. We reporton an eruptive eventobsenred in the south-wesside of a sunspotwithin active region, AR0554,in arangeof spectrallines
formedin thetransitionregion andcorona.

Methods. Themaindataweretime-serieobsenationsobtainedwith the CoronalDiagnosticSpectrometefCDS),in additionto imagesfrom
the MichelsonDoppler Imager(MDI) and Extremeultraviolet Imaging TelescopgEIT) on boardthe Solarand HeliosphericObsenatory.
Additional high resolutionimagesfrom the TransitionRegion andCoronalExplorer(TRACE) werealsoused.

Results. The event brighteneda loop connectingthe sunspotanda bright-pointstructure triggering both a high-speedo w in the loop and
a transient,low-speedambient o w into the sunspot.The enepgy releaseds quickly conductedo the chromosphereas deducedrom the
TRACE 1600A imagesandthelight curve of Hei 522 A asseenby CDS. Theresultsfrom our multi-wavelengthstudyfurtherindicatesthat
thee ectof the eruptive event may have reachedemperaturesigherthan2  10° K. Relative Dopplervelocitiesof over 300km s * were
detectedn thetransitionregion line, O v 629A.

Conclusions. The multi-wavelengthanalysisindicatesthatthe eventis likely dueto fastmagneticreconnectiorin the transitionregion. The

velocitiesdetectedareconsistentvith the resultsobtainecdby the evaporationiet model.

Key words. Sun:actiity —Sun:UV radiation— Sun:transitionregion—

1. Intr oduction

Enegeticeventswith abruptbrightnesenhancemerandhigh-
speednaterialmotionshave longbeenobsenedin thesolarat-
mospherdy variousinstrumentsTheseeventsareoftenclas-
si ed basedn obsenablessuchas,line pro le variationsthe
temperatureangeover which the eventsaredetectedthe du-
rationof theevent,andthe speedf materialmotionassociated
with theevent.

Althoughiit is well known that theseeventsare the con-
sequencesf magneticreconnectiorand ux cancellationsit
is still not clearwherethe triggeringof the brighteningevents
happenUnderstandinghe relation betweenthe magneticac-
tivities andthe obsenedbrighteningsanprovideinsightto the
physicalmechanismsf thehheatingandtheenegy transporin
thesolaratmosphereAt thephotospheritevel, magnetograms
haverevealeddynamicmagnetiactvities, mary of whichhave
beenassociateavith featuresobsenedin thelow atmosphere.

Solar sumges, often obsened in H , are dark or bright
streamerstretchingout from sunspotegions(Roy 1973).The
materialin the solar suige is believed to be densechromo-
sphericjets moving into the corona(Rust& Webb1977).The
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jets canreachpeakvelocitiesof 50 — 200km s * andlastfor
10-20mins(Can eld etal. 1996).

Another eruptve event in the lower atmosphereare
Ellerman bombs (Ellerman 1917). Theseare small-scale(<
5% andshort-lived (< 20 min) phenomenaften obsenedin
the upperphotospherandor lower chromosphereTheir light
curvesshaw rapidrising anddecayingand,aresymmetricrel-
ative to the brightnesspeak, (Qiu et al. 2000). They tendto
occuraroundsunspotsThe bombsareassociatedvith di er
entmagneticfeaturese.g. emeging ux regions,magnetidan-
versionlines,moving magnetideaturegNindos& Zirin 1998;
Qiu etal. 2000).

In the higher atmospherefrom the upper chromosphere
to the corona,eruptive phenomenauch as explosive events
(or bi-directional jets) and blinkers are commonly detected
abovethe quietSunareaswith weakandmixedpolarity ux es
(Chaeet al. 1998; Madjarska& Doyle 2003), while extreme
ultraviolet (EUV) and X-ray jets have beenmostly obsened
above the active regions that contain complicatedmagnetic
loop structuresandoccurrencesf small ares/H sumges(e.g.
Schmiedeetal. 1988;Chaeetal. 1999;Moon etal. 2004).

Althoughtheregionswherethe explosive eventsandEUV
jetsaremostcommonlyseeraredi erentthevelocitiesof both
phenomenaresimilar. Both arein therangel00 200km s 1.
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Fig. 1. TheTRACE171A channemapsat09:36:54UT (upperpanel)
and10:21:50UT (lower panel).North is up andEastto theright. The
contoursin the upperpanel mark the boundariesof the umbraand
penumbraandthe two parallellines indicatethe NIS/CDS slit loca-
tionsatthebeginningandendof thetime-series.

For instance]nnesetal. (1997)reportedexplosive eventswith
Dopplervelocities 180km s 1, andSchmiedeetal. (1988),
by tracingthetrajectoryof thebrightnessnaximum,suggested
a propagatiorspeedof 100 200km s ! for an EUV jet ob-
senedin Ov 1371A.

Brueckner& Bartoe (1983), using the High Resolution
TelescopandSpectrograpfHRTS), detectedetswith veloci-
tiesupto 400km s ! in thetransition-zondinesabove a quiet-
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Fig. 2. TRACE 171A passbanehapsshawving the structuralvariation
of thebright point over time. The obsenationtime is indicatedabove
eachcorrespondingnap.

SunareaTheauthorssuggestethatjetswith velocitieshigher
than400km s ! maybebestobseredatcoronaltemperatures,
which were not coveredin the spectralrangeof their instru-
ment.

The statisticalstudyof onehundredX-ray jetsby Shimojo
etal. (1996)shavs thatthejetsareoftenassociatedvith small
ares andthatmary areejectedrom bright-pointlik e features.
The velocitiesof the jets they studiedrangedfrom 10— 1000
km s 1 with anaveragevelocity 200kms 1.

The possibletriggering sourcesof EUV/X-ray jets have
beeninvestigatedby examining their morphologyand char
acteristics,plus their correlationswith H sumgesand other
magneticactvities. Theinvestigationdhave shavndi erentre-
sults. Rust& Webb (1977) found that the intensity enhance-
mentin X-ray loopsarebettercorrelatedvith H lament ac-
tivities thanwith H suiges.The authorsthus concludedthat
H sumes,being cool ejectionsfollowing pre-&isting eld
lines,arenot associateavith X-ray jets andthe heatingof the
corona(Rustetal. 1977).They suggestedhowever, thatit is the
H lament eruptionsthatareresponsibldor the brightenings
in the coronalloops. Can eld et al. (1996),in contrast,indi-
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cateacloseassociatiobetweenX-ray jetsandH suigeseven
thoughthetwo eventsarenotco-spatial Theresultsfrom Chae
etal. (1999)suggesthatH sumgesandEUV jetsaredynami-
cally connectedo eachotherbut arenot co-spatial Using the
Yohkoh Soft X-ray TelescopeShibataet al. (1992a)obsened
mary X-ray jetsin the solarcorona,which wereoftenassoci-
atedwith aresin X-ray brightpoints,emeging ux regionsor
active regions.Theresultsby Wang& Shi (1993)indicatethat
theenepgy releasedy magneticactvity in thelow atmosphere
(eg.H sumes)isinsu cientto supplycoronal ares andheat
the corona.However, the authorspointedout that theselow-
atmospheri@ctyities play animportantrole in triggeringthe
eruptive eventsin the corona.

Exceptfor the resultsby Brueckner& Bartoe(1983),the
velocitiesof eruptive eventsdetectedn UV/EUV havebeerbe-
low 200km s ! while thevelocitiesfor X-ray jetscanreach
upto 1000km s 1. Thedi erencemaybeduetothedi erence
in the soundspeedat di erenttemperaturesHere, using the
Normal IncidenceSpectromete(NIS) of CDS, we reportthe
detectionof aneruptive eventwhich increasedheintensityin
several spectrallines, rangingfrom chromospheri¢o coronal
temperaturedyy afactorof threein approximatelyoneminute.
Relative Dopplervelocitiesover 300km s 1 weredetectedn
the transitionregion line, O v 629A. This is the rst report
of suchhigh velocitiesbeingdetectedy NIS/CDS. The event
brighteneda loop connectinghe sunspoto a bright-pointfea-
tureatthewestof thesunspotywhich matcheshecharacteristic
locationof X-ray jetsby Shimojoetal. (1996).Weincorporated
imagesfrom the Extremeultraviolet Imaging Telescop&EIT)
Fexii 195A channelandthe TransitionRegion And Coronal
Explorer (TRACE) 171 A and 1600 A channelsalong with
MichelsonDopplerimager(MDI) magnetogramsn orderto
determinghetrigger, thelocationandthe extentof this event.

2. Obser vations and data calibration

Thedatadiscussedtherewereobtainedrom datases29526r01,
time-seriesobsenation from 09:01:24 — 10:37:14 UT on
12 February 2004 by NIS, one of the componentsof the
Coronal DiagnosticSpectromete(CDS), on boardthe Solar
and HeliosphericObsenatory (SoHO) (Harrisonet al. 1995).
During the 95-min obsenation, the pointing of the detector
was X ed in spacewhile the Sunrotatedunderthe eld of
view (FOV). Theexposurgimewas30 s, andthecadencevas
approximately37 s. Our obsenationsusedsix spectralwin-
dows containingthe following spectrallines: Si xii 520.8A,
Hei 522.2A, Fexvi 335.4A, Fexvi 360.8A, Mg ix 368.1A,
Mg x 625.0A, andO v 629.8A. Thetamgetof theobsenations
wasactive region AR0554.

To have anoverview of thefeaturesunderinvestigationwe
incorporatedmagesfrom EIT 195A, andTRACE 171A and
1600 A passbandswe also usedMDI magnetogramso ob-
taininformationonthephotospherienagneticelds. Thenoise
andcosmicray contaminatiorin the TRACE imageswerere-
ducedby a numberof de-spile, de-streakand smoothingrou-
tines.Theorientationsof EIT andMDI imageswerecorrected
for the e ectof the SoHO instrumentsbeenturned180 for
our obsenation.In Fig. 1, we shov anoverview of the active

region asseenin TRACE 171A. Notethatthereis a dynamic
bright point at the south-wesside of the sunspotA close-up
view of the structuralvariationof the bright point overtime is

further shovn in Fig. 2. The loop connectingthe bright point

(at SolarX 230 to the sunspotwas not very prominent
at 09:36:54UT, but becamevery brightin the imagetaken at

10:21:50UT.

NIS/CDSdatawerecalibratedby the mostup-to-datestan-
dard calibration routinesin SolarSoft, with the o set be-
tweenNIS1andNIS2 correctedisingtheroutinenis _rotate .
As explainedin CDS Software Note No. 53?, NIS/CDS line
pro les were broadenedafter SOHO's recovery in October
1998. Therefore eachspectralline was tted by a broadened
GaussianBGaus)line pro le function, andthe line intensity
was computedaccordingly The errorsin the line intensities
werecomputedbasedon the equationsn CDS Software Note
No. 49. Therelative Dopplervelocity, vy, at eachpixel along
the slit is determinedoy multiplying the speedof light, c, by
therelative wavelengthdi erencebetweerthewavelength( )
at that point andthe averagewavelength( ) of the dataset,

thatis,vaq=c¢ (i &)= a-

3. Features detected by diff erent instruments

In Fig. 3 (top threerows), we shov the temporalvariations
of the line intensitiesalong the detectorslit (also called X-T
slices).The horizontalis the SolarY coordinatef the pixels
alongthe slit, andthe vertical the time. At approximately60
min after the startof the obsenation, we seea sudderbright-
eningin all lines.To quantifythe amountof intensityenhance-
ment,we plot in the lower threerows the light curve of a se-
lected pixel, SolarY  48% which is one of the locations
shawing the large Doppler shifts and intensity enhancement
(alsoseeFig. 4 & 5). Thelight curves correspondo the lo-
cationmarked by the black dashedine in the X-T slices.The
plotsshaw thatall six linesincreasedheirintensitieshy afac-
tor of threein only onetime stepat 57.6 min. However,
thelight curvesatdi erenttemperatureshaw distinctive pat-
terns.The transition-rgion line, O v 629 A, shows the earli-
estincreasen intensitywhile theincreasen otherlinesoccurs
slightly later Theintensityof O v increasesuddenlyanddrops
very quickly, returningto the averagevalue 10 min after
the sudderenhancementThe chromospheridine, He i 5224,
demonstratea sharpintensityincreaseanda very gradualde-
caying trend. By the end of the obsenation, the intensity of
He i remainsat a high value, as comparedo that beforethe
event. Mg x 625 A is the only coronalline wherethe inten-
sity increasesharply Its intensityreacheghe rst peakat
60 min anda secondpeakjust before80 min from the begin-
ning of the obsenation. The othercoronallines, Si xii 521 A
andFexvi 335361A, shav agradualincreaseanddecreasén
theirintensitiesThedurationof thewholeenhancement-decay
procesdgor Sixii andFexvi is longerthan20 min.

In Fig. 4 we shawv the line pro les of O v 629 A at dif-
ferentlocations,whichis the only line free from major blend-

1 http//www.Imsal.contsolarsoft
2 httpJ/solarbnsc.rl.ac.uk
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Fig. 3. Thetopthreerows arethe X-T slicesof theline intensitiesof the six linesanalyzedThehorizontalaxisis theSolarY coordinateslong
theslit, andtheverticalaxisis thetime. The lower threerows shav theline intensityvariationalongthe blackdashedines markedin the X-T

slices(SolarY

ing problems Fromthesepro les, a smalldeviation from one
Broadened-Gaussiah canbe seenin theredwing at ve lo-
cationsalongthe slit (cf. Fig. 4), one of which is the marked
pixel (i.e. 48% in Fig. 3. Beforediscussinghe possibleim-
plicationsof a Dopplershiftedline, we mustcheckfor weak
line blending.A possiblesourceis Mg viii 315A in secondr-
der. Using an active region DEM from CHIANTI, the relative
strengthsof O v 629 A and Mg viii 315A is 1.3:1in favour
of O v for a coronalabundanceand 4.3:1 for a photospheric
alundanceBasedonthesecond-ordee cieng/ curve (which
is a combinationof dataandtheory),the relative e ciengy is

48%9. Theunit of theintensityis photonécn?/sedarcseé.

25.6, hencethe O v 629 A shouldbe a factor of 30 to 100
strongerthanMg viii 315A in secondrderif thefeaturedoes
not have an abnormalshapedDEM distribution andor abun-
danceBasedontheline ux increaseshownin Fig.3for Ov
and Mg x, thereis no large increasein the coronalline en-
hancementomparedo the transitionregion line, hence the
red-shiftedcomponents notdueto secondorderline blending
butis aresultof a Dopplershift component.

Therelative Dopplervelocityimpliedfrom tting thissmall
deviation is betweer230km s *and320km s 1. In Fig. 5, we
selectpixel 48%to illustrate the generalpatternof the line-
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pro le variationwith time. The smallbumpin theredwing is
only detectableat 57.6 min. This may be due to the limited
wavelengthresolutionin NIS/CDS, ratherthantheactualdura-
tion of the event.In otherwords,the bumpis only measurable
at the time of the sharpested-shift. The velocity map of the
O v time seriesshavs thatin theregion of SolarY ~ 20°to

50% red-shiftsgreaterthan20 km s * are detectedhrough-
outthewholetime seriesThisindicateshatmaterialhadbeen
continuously o wing from the bright pointinto theumbraand
that the brighteningevent causeda suddensumge in the o w.
Intriguingly, at the momentof the brighteningevent, a sud-
denred-shiftgreatethan20km s wasdetectedn theregion,
SolarY  20%to 10° This red-shiftonly lastedfor approxi-
matelyoneminute.

To investigatethe origin of the brightening,we examined
the MDI magnetogram®lus the TRACE 1600 A and EIT
Fe xii 195 A images,which represenfeaturesat the photo-
sphericandcoronallevels, respectiely. The EIT Fexii 195A
imagestaken aroundthe time of the event are presentedn
Fig. 6. The gure shavs thatthe bright pointandthe connect-
ing loop seenin the TRACE 171 A images(Fig. 1) arealso
seenat the temperatureof EIT Fe xii 195 A. Among all the
imagesin Fig. 6, we canseethatthe loop is mostprominent
at 10:24:18UT, when the bright point is also the brightest.
The loop is blurry and fragmentedin otherimages,and the
bright point quickly decreasem intensityin the lasttwo im-
ageswhich weretaken approximatelyl1.6 min and23.6min
after 10:24:18UT. Despitethe large temporalgapsbetween
theimagesthe EIT imagesndicatethat, at the temperaturef
Fexii 195A, the brighteningoccurredbetween10:13:55and
10:24:18UT. This is consistentvith the possibletime (before
10:21:50UT) of the brighteningseenin the TRACE 171 A
images(cf. Fig. 1) andalsothe intensityjump asrecordedby
NIS/CDS. Thesix TRACE 1600A imagesin Fig. 7 werese-
lectedto illustratethe variationsof featuresat di erenttimes.
The arrow pointsto the locationof the bright-pointstructure,
andthe squareencirclesa region that suddenlybrightenedup
in TRACE 1600A. We can seethat the square-enclosetk-
gion,whichwasdarkat09:41:29UT, shavs a sudderanddra-
matic increasein emissionat 10:01:29UT, whenthe bright-
pointregion alsobecamethe brightest.In spiteof the absence
of theimagesbetween09:41:29UT and10:01:29UT, we can
be certainthat the brighteningevent at the photospheréevel
happenedeforeor at 10:01:29UT. The laterimagesindicate
thatthe sudderbrighteningdn the square-encloseegion and
the bright point graduallydispersedafterwards.However, the
intensity overall remainedsigni cantly higher after than be-
fore the brightening.The coordinatesof the brighteningloop
in Fig. 1 andthe square-encloseckgionin Fig. 7 indicatethat
the two regionsare spatially correlated Speci cally, the sud-
denbrighteningis atthelower edgeof thepenumbravherethe
left verticalline in Fig. 1 crosseghe contourof the penumbra.

The series of MDI magnetograms taken before
10:00:03 UT are shawvn in Fig. 8. The obsenation time
is indicatedabore eachimage.The squarein eachpanelis the
region correspondingo the brighteningseerin TRACE 171A
and1600A imagesWe canseethattherearesmallbut contin-
uousmagneticactivities in this region. For example,the arrow
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Fig.4. Theline pro les of O v 629 A at eightlocationsasindicated
in eachpanel.The line pro les, in units of photongn?/sedarcseé
(CDS SoftwareNote No. 34), areplottedagainstwavelength A, (up-
per X-axis) andthe correspondinddopplerspeedlower X-axis). The
solid lines are the original line pro les, the dottedlines arethe t-
ted pro les, andthe dashlines shav the pro les of individual broad-
enedGaussianThe secondBroadened-Gaussiah is apparenfrom

41%t0  55%9 which indicatesthat the large Dopplershifts occur
attheselocations.This eventis recordedat 09:59:00UT asindicated
in thetitle.

in the panelof 09:53:03UT pointsata positive region thatwas
invisible oneminuteearlier A magneticcancelingfeaturecan
be seenbetween09:58:03UT and 10:00:03UT. The arrov
in the panelof 09:58:03UT pointsto a negative magnetic
region with a positive counterpartat its lower-right side. The
negative region was canceledout and becameundetectable
by 10:00:03UT. Thesedynamic magneticactiities may be
relatedto the brighteningsseenin the higher temperatures
lines. The time delay of the phenomenabsenedin di erent
temperaturdayers, as illustrated in Fig. 1, 3, 6, 7, and 8,
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Fig. 5. The temporalvariation of line pro les of O v 629 A at Solar
Y 48 The time lapsefrom the beginning of the obseration,
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les arethe sameasdescribedn Fig. 4 Exceptfor the panelof 57.6
min, the solid line (original pro le) is tted very well by onebroad-
enedGaussianin the panelof 57.6 min, thereis a prominentbump
at the red wing of the line, andan additionalbroadenedsaussiaris
requiredto t thewholeline pro le.

seemgo suggesthatthe e ectof the photospherianagnetic
activities propagateto the higheratmosphere.

4. Discussion

Comparisongindassociationamongsolaratmospheri@ctiv-
itiesin di erentlayerscanprovideinsightto theenegy source
and propagationin the corona.ln the following, we will dis-
cusspossiblerelationsamongthe eruptive event detectedby
NIS/CDS,thephenomenaetectedn boththe highandlow at-
mosphereandthe magneticactvity atthe photospheridevel,
in the hopeof identifying the sourceof the eruptive eventand
its extent.

Theregion of interestcontainscontinuousmagneticactivi-
ties,asevidencedoy theMDI magnetogram@~ig. 8). Thereare
small magnetichipolesconstantlyemepging anddisappearing,
which is the manifestatiorof magneticreconnectiormndanni-
hilation. In the TRACE 1600A images(Fig. 7), thedark la-
mentsradiatingoutfrom the sunspobecomewell de ned after
10:01:29UT, in which a signi cant brighteningat the bound-
ary of the penumbrds detectedthe squaredegionin Fig. 7).
At theleft sideof the brightening thereis adark lament pro-
truding southvard. This brighteninggradually decreasesnd
becomedragmentedoy 10:30:28UT, whenthe dark lament
fadedinto the backgroundHowever, this region remainedsig-
ni cantly brighter than beforethe event happenedThe dark

lament, stretchingout from the sunspotand connectingto
thebrightening resemblesolarsuigephenomendescribedy
Roy (1973).However, thelifetime of the lament, estimateds
thetime betweerits rst appearancandthe momentit faded
into the backgroundis approximately30 min, whichis longer
thanthe typical durationof a surge (10 — 20 min). As for the
brighteningjts proximity to the sunspotgcorrelationwith mag-
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eachpanel.Among all the panels the bright point becamebrightest
andtheloop extendingfrom the left side of the bright point became
mostprominentat 10:24:18UT. The lasttwo images taken approx-
imately 11.6 min and 23.6 min later, shav that the intensity of the

bright pointhaddecreasedndtheloop hadbecameblurredandfrag-

mented.

netic activities, andthe temperaturdayer whereit is detected
suggesthatit be a potentialcandidatefor an Ellermanbomb
(Ellerman1917;Qiu etal. 2000).However, its size( 15%long
and 6%wide)istoobig, andits brightnessloesnotshow rapid
decay(Qiu etal. 2000);insteadthebrightneswariationresem-
bleswell with the light curve of He i 522.4A (cf. Fig. 3), in
which the intensity dropsslowly andremainshigherthanthe
intensitybeforethe event.

Thebrighteningseenin TRACE 1600A couldresultfrom
eitherthe magneticactiities seenin the MDI magnetograms
or the high-velocity, eruptive eventdetectedn NIS/CDS spec-
tral lines, or from both. If the continuousmagneticactiities
arethe causethereshouldbe eithermultiple brighteningscor
respondingdo the seriesof reconnectionsr agradualdevelop-
mentof brightnesgesultingfrom the accumulatiorof the en-
ergy releasedrom the reconnectionNeitherof thesematches
the brightnessvariation seenin TRACE 1600 A. Therefore,
we suspectthat the eruptive event detectedin the NIS/CDS
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Fig.7. TRACE 1600 A channelmaps.The regions marked by the

squareandthearrav werenotprominentat09:41:29UT, but suddenly
becameverybrightat10:01:29UT. Theintensitygraduallydispersed,
andthetwo brightregionshecamdragmentedafter 10:20:32UT.

spectralinesmaylikely bethe sourceIn addition,comparing
Fig. 1 andFig. 7, we canseethatthe TRACE 1600A bright-

ening coincideswith the foot-point of the bright loop seenin

TRACE 171 A. Therefore,the TRACE 1600 A brightening
may be a manifestatiorof material o wing down to the foot-

point atthe chromosphereThe speculatioris strengthenethy

the resemblancéetweerthe light curve of He i 522.4A and
the brightnessvariationseenin TRACE 1600A.

As illustratedin Fig. 3, the temporalvariationsof theline
intensitiesat di erenttemperaturegredistinctively di erent.
The transition-rgion line, O v, showvs a sharpincreaseand
fastestlecreasghechromospheritine, Hei, increasesharply
but decreaseslowly; thecoronallines,Mg x andSi xii, reaches
maximumtwice (just after 60 min andat 75 min) andthen
graduallydecreasesthe hotter coronalline, Fe xvi, shavs a
roughly symmetricpro le relative to theintensityapex. In ad-
dition, thecoronallinesreachtheir apex atalatertime thanthe
transitionregionline, O v. TheDopplervelocitiesinferredfrom
theline shiftsof O v 629 A, rangingfrom 230to 320km s 1,
arehigherthanthetypical velocity, 150km s !, detectedn

explosive events(e.g. Teriacaet al. 2002),but arein the ve-
locity range(30 400 km s 1) of most X-ray jets (Shimojo
etal. 1996).However, Brueckner& Bartoe(1983),analyzing
transition-zonespectradrom HRTS, reporteda type of jet with
velocitiesincreasingrapidly with time andreachingup to 400
km s 1. Theauthorssuspectethatjetsof highervelocity might
eithermove outof the eld of view of thedetectoror beheated
to coronaltemperaturesyhich werenotdetectablén thespec-
tral rangeof their instrument.Their resultsandthe velocities
reportedin this paperindicatethat materialat transition-zone
temperaturesanreachvelocitiesseveraltimesgreatethanthe
local soundspeedThe enegy releasedrom the reconnection
is quickly dissipatedrom the site and conductedo the lower
atmospherein additionto heatingthe corona,which may ex-
plainthefastintensitydropin O v andthegradualdropin other
lines.

Basedon the modelproposedoy Wang& Shi (1993),the
continuousslow reconnectionas seenin the MDI magne-
tograms(Fig. 8), canheatthe atmospher@andcauseherising
motion of the magnetic elds (emegenceof magnetic ux).
The uprising ux presseshe overlying large-scalemagnetic
loops, and createsa currentsheetin between.Eventually an
eruptive reconnectiorhappenavhena critical stateis reached
in the currentsheet.The velocitieswe detectare consistent
with theresultsobtainecdby theevaporatiorjet model(Shimojo
etal. 1996,2001;Miyagoshi& Yokoyama2004).Accordingto
the model,both cold andhot plasmaareacceleratedby the re-
connectedeld lines. The enegy releasedy the ejectedhot
plasmais conductedto the lower atmosphereThe evapora-
tion o w thuscreatedcanreacha maximumvelocity 3Cg
1500(T=10’K)*? km s , whereCs andT arethe soundspeed
andtemperaturef the o w. Thevelocitiesobtainedfrom their
model are consistentwith the obsened jet velocity reported
here.More recently the three-dimensionahumericalsimula-
tions by Archontis et al. (2004) shav that the plasmabeing
pushedaway by the emeging magnetic ux have velocities

24 kms 1, which is consistenwith the red-shiftvelocities
we detectedn the surroundingareaof the eruptive high-speed
event.

Numericalsimulationsof magneticreconnectiorbetween
the emepging ux and overlying horizontal coronal eld by
Shibataet al. (1992b)shav that lament eruptionsand cool
and hot plasmaejections(i.e. H sumesand X-ray jets) are
all partof thereconnectiorprocessTheir modelalsosuggests
thatH sulgesand X-ray jets canbe obsened at nearly the
sameplaceif themagneticeld andthe emeging ux satisfy
certaingeometries.

5. Conclusions

We detectedan eruptive event with Doppler red-shift veloci-
tiesbetweer230and320km s ! in the south-wessideof the
sunspotin theactive region, AR0554.The high velocitieswere
detectedover a spatialextentof  13%°0 Suchvelocitieshave
never beenobsened by the CDS instrument,and are rarely
seenin the EUV spectralrange.The event brighteneda loop
connectinga sunspotanda bright-pointstructurdocatedat the
south-wesbf the sunspot.The red-shiftsandthe pointing di-
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Fig. 8. TheMDI magnetogramshav thetemporalvariationof thephotospheriecnagneticelds. Smallbut dynamicmagneticelds of opposite
polaritiescanbe seencontinuouslyemeging andcancelingoutin theregion enclosedy thewhite squareThearrowns point outtwo magnetic
cancelingfeatures This region overlapsthe locationsof theline intensityincreasedetectecby NIS/CDS andthe brighteningseenin TRACE

171 A and1600A channels.

rectionrelativeto thesiteof theeventindicatethattheeventre-
sultedin a high-speedo w moving from the bright-pointstruc-
tureinto the sunspotintriguingly, at the momentof the erup-
tive eventat the south-wessideof the sunspotan abruptred-
shift greaterthan20 km s * wasdetectedat the north-western
boundaryof thesunspotThis north-westermed-shiftextended
fromSolary  20°%%o 10°° andonly lastedfor approximately
oneminute.Thissudderin- o w in thewestsideof thesunspot
may be triggeredby the eruptive event pushingaway the sur
roundingplasma.

The origin of the eventis likely to be a magneticrecon-
nectionin thetransitionregion. Theenepy releaseds quickly
conductedo the loop foot-pointin the chromosphereas ev-
idencedby TRACE 1600 A imagesand the light curve of
He i 522 A. The brighteningand intensity enhancementle-
tectedin thecoronallinesindicatethattheenegy alsoa ected
thecoronaTheresultsfrom NIS/CDSindicatethatthee ectof
the eruptive eventmay have reachedemperaturesigherthan
2 10°K.

Our resultsare bestexplainedby the emeging ux model
proposedy Shibateetal. (1992b),Archontisetal. (2004),and
thetwo-stepscenaricsuggestedty Wang& Shi(1993).Wang
& Shi(1993)suggestedhatthe enegy releasedrom the con-
tinuous slow magneticreconnection( rst-step reconnection)

in the lower atmosphere¢an heatthe atmospherend cause
magnetic elds rising from the photospherdo the upperat-
mosphereWhentheemepging magneticux reacheshecoro-
nal level, it presseshe overlying coronalmagnetic elds. The
stresgdueto the pressuravould graduallybuild upin theinter-
face(acurrentsheet) andeventuallyleadto afastreconnection
oncea critical stateis reachedShibataet al. 1992b),which is
the so-calledsecond-stepeconnectiorby Wang& Shi(1993).
The eruptionof the magnetic ux cantriggeradown- ow in
theneighbourhoodby pushingaway the pre-&isting plasmain
thesurroundingareaassuggestedby Archontisetal. (2004).
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