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Abstract. This paperpresentghe formation,evolution anddecayof a coronalbright point via a spectroscopianalysisof its
transitionregion counterparandthe evolution of the underlyingmagnetichipole during3 daysof almostcontinuousobsera-
tions. The datawere obtainedwith variousinstrumentn-boardSoHO, includingthe SUMER spectrograplin the transition
regionline Svi 933.40A, CDSin theHei 584.33,0 v 629.73andMg ix 368.06A lines,plusMDI andEIT. Theexistenceof the
coronalfeatureis stronglycorrelatedwith the evolution of the underlyingbipolarregion. Thelifetime of the bright point from
themomentwhenit was rst visible in the EIT imagesuntil its completedisappearanceas 18 hrs.Furthermorethe bright
point only becamevisible at coronaltemperaturesvhenthe two converging oppositemagneticpolaritieswere 7000 km
apart.As far asthetemporalcoverageof the datapermits,we foundthatthe bright point disappeareédt coronaltemperatures
afterafull cancellatiorof oneof the magneticpolarities. The spectroscopianalysisrevealsthe presencef small-scalg. 6%
transientbrighteningswithin the bright pointwith a periodicityof 6 min. The Dopplershiftin the bright pointwasfoundto
bein therangeof 10to 10km s * althoughit is dominatedby a red-shiftedemissiorwhich is associateavith regionschar
acterizedby stronger quiet' Sunphotospheriganagnetic ux. Small-scalebrighteningswithin the bright point shav velocity
variationsin therange3 — 6 km s 1. In generalthe bright point hasaradiance 4 timeshigherthanthatof the network. No

relationwasfoundbetweerthe bright pointandthe UV explosive eventphenomena.
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1. Intr oduction

Coronal X-ray/EUV bright points (hereafterBPs) are among
the coronalphenomenalaimedto play an importantrole in
the coronalheatingproblem.They were®rst identi®edin the
X-raysin 1969by Vaianaet al. (1970)andlater analysedand
describedn detailduringthe Skylab mission(for reviews see
Golub 1980, Webb 1986,Habbal 1992). BPs are small (30°%
40 size) coronal featuresof enhancecemissionwith a 5°%
10°%bright core.They wereassociateavith smallbipolarmag-
netic featuresexceptfor nevly emeging or old anddecaying
BPswhereonly one of the polaritiesis visible (Golub et al.
1977).They werefoundin the "quiet' Sunregionsandcoronal
holes,at the network boundariesvherethe “quiet’ Sun mag-
netic®eld is mainly concentrateqHabbaletal. 1990).Sheely
& Golub(1979)obtaineda uniquesequencef highresolution
Naval ResearchL_aboratory(NRL) Skylab spectroheliograms
with a spatialresolutionof 2% They shaved that the coro-
nal BPspatternconsistsof 2 or 3 miniatureloops(2500km in
diameterand 12000 km long) evolving on a time scaleof
6 min. Obsenationsby Habbalet al. (1990)con®rmedthis
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result shoving that simultaneouslymeasuredeaksof emis-
sionin sixdi erentlines(emittedfrom thechromospherto the
corona)werenotalwaysco-spatialjmplying thatthe BPscon-
sistof acomplex of small-scaldoopsatdi erenttemperatures.
Theaveragdifetime of aBPis 20hrs(Zhangetal. 2001)as
obsenedin EUV linesand8 hrsasdeterminedy Skylab X-ray
obsenations(Golubetal. 1974).Zhangetal. (2001)suggested
thatthe temperaturef BPsis generallybelov 2 10° K, which
explainstheir smallersizeandshorterifetime in X-rays.

BPswerealsoobseredin the transitionregion and chro-
mospherewhere some of them appearedat a low contrast
with a brightnesssimilar to the brightnessof the network el-
ementgHabbal& Withbroe1981;Habbaletal. 1990;Habbal
1992).Usingthe High ResolutionTelescopendSpectrograph
(HRTS), Moseset al. (1994) performeda spectroscopistudy
aimedatinvestigatinghe correspondencef small-scalestruc-
turesfrom di erenttemperatureregimesin the solar atmo-
sphereandin particularthe relationshipbetweenX-ray BPs
(XBPs)andUV transitionregion explosive events.They found
thatthe featuresin C iv 1548 correspondingo XBPswere
in generaloright, largerscale(  10°Y regionsof comple ve-
locity ®eldsof the orderof 40 km s* which, accordingto the
authorsijs typical for the brighterC iv network elementsThey
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also concludedthat the transitionregion explosive eventsdo
not correspondlirectly to XBPs.

Webb et al. (1993) found that XBPs are associatedvith
the cancellatiorof network, intranetwork or ephemerategion
magnetic®elds. Theseauthorsconcludedhatnearlyall XBPs
(88%)areassociatedvith corverging magnetideaturesof op-
positepolarity, irrespectve of their origin. They obsenedthat
someXBPs are presenteven beforethe onsetof cancellation
althoughthis resultmayvery muchdependntheinstrumental
resolution XBPsaremorethantwice aslikely to beassociated
with decayingor cancelingnagnetideatureghanwith emen-
ing or growing ones(Webb et al. 1993). Priestet al. (1994)
presentec two-dimensionamodel(a corverging ux model)
of BPs basedon the interactionof two sourcesof opposite
magnetigolarity with the samestrength situatedn anoverly-
ing uniform magnetic®eld. Laterthe modelwasfurtherdevel-
opedby Parnell et al. (1994b)for interactionof two magnetic
sourceswith an oppositesign, but di erentstrengthswhich
agreeswith the main XBPs and cancelingmagneticfeatures
obsenations A three-dimensionahodelfor reconnectiomwas
alsodevelopedby Parnellet al. (1994a).Langcopg(1998)de-
velopeda minimumcurrentcoronalmodel(three-dimensional)
usingmeasurableuantitiesanda few free parameterso make
guantatve predictionsof morphologyandpower lossin a sin-
gle XBP.

The Solar and Heliospheric Obsenatory (SoHO) pro-
vided the ®rst opportunity for simultaneousobsenations
of the solar atmospherdrom the photosphereo the solar
corona.Obsenationsobtainedby four of the instrumentson-
boardSoHO theExtreme-ultraioletImagingTelescop&EIT),
the Solar Ultraviolet Measurementsof Emitted Radiation
(SUMER)spectrograptthe CoronalDiagnosticsSpectrometer
(CDS) andthe MichelsonDopplerimager(MDI) enablestud-
ies of coronalstructuregogetherwith their counterparin the
transition region, chromosphereand underlying longitudinal
photospherianagnetic®eld. The highertemporal,spatialand
spectralresolutionof the presentgenerationinstrumentsen-
ablesus to study in this paperthe formation, evolution and
decayof a BP obsenedin EIT narrav-bandimagescentered
aroundthe Fe xii 195 coronalline (1.6 10° K) together
with the evolution of the underlying longitudinal magnetic
®eld (MDI) during 3 daysof almostcontinuousobsenations.
SUMERobsenationswereperformedn thesameregionin the
transitionregionSvi 933 andLy 6930 lines.Thehighres-
olution spectroscopiobsenationspermittedus to determine
the plasma o ws within the BP throughthe Doppler shifts of
oneof the obsenedlines. Theassociatiorof coronalBPswith
transientphenomenauchas explosive eventsand blinkersis
alsobrie y discussedin Sect.2 we presenthe obsenational
datawhile Sect.3 presentghe dataanalysisandresults.The
discussiorandconclusionsaregivenin Sect.4.

2. Obser vational material
2.1. SUMER

The obsenationsobtainedwith the SUMER spectrograplffor
details seeWilhelm et al. 1995, 1997; Lemaire et al. 1997)

Solar_Y (arcsec)

Solar_Y (arcsec)

"”

10 20 30 40
Solar_X (arcsec)

10 20 30 40
Solar_X (arcsec)

Fig. 1. SUMERradiancémagesn theLy 6 930A (left) andSvi 933A
(right) lines. The bright featurevisible aroundsolarY = —20°was
associateavith a coronalbright point. The locationof the explosive
event(whosecorrespondindine pro le is shavn in Fig 11)is marked
by acrossin bothimageg(top righthandcorner).

represenhigh cadencdemporalseriesin thetransitionregion
Svi 933.40 (200000K) andchromospheriftow transition
region Ly 6 930.748 (20000K) lines. The datasetvasob-
tainedon 1996 Octoberl7 and18 in the "quiet’ Sunat helio-
graphiccoordinatesX = 0°%andY = 0% A 1% 120P%slit was
used.Theobsenationsstartedon Octoberl7 at 19:23UT and
®nishedon October18 at 00:23 UT. The datasetconsistsof
a full spectrumover the spectralrange907 + 954 obtained
prior to eachtemporalseries.The full spectrawere obtained
exposinga bandof 120spatial 1024spectrapixelsfrom the
centralpart of detectorB for 200 s. The wavelengthcalibra-
tion for SUMER, which hasno calibration sourceon-board,
is usuallydoneusingchromospheritines of neutralatoms.In
the presenstudythefull spectruncoversafew unblendedO i
linessuchasOi929.52 andOi 936.63 whichwereused
aswavelengthstandardsluringthe calibration.Sincetherefer
encdlinesarein generakatherweak,we usedpro®lesaveraged
alongthe slit to determinethe centroidsof theselines from a
Gaussia®t. BoththeLy 6 andSvi lineswereregisterecdonthe
KBr partof thedetector

The temporalsequenceonsistsof two spectralwindows
(120spatial 50 spectralpixels) centerecbn Ly 6 930.748
and S vi 933.40 , obtainedwith a 10 s exposuretime. No
compensatioffior the solarrotationwasappliedandtherefore
for a solarrotationat theseheliographiccoordinatesf about
10°9h, the 1%%slit coveredaregionof  47%

Thereductionof SUMERraw datainvolveslocal gaincor-
rection, at-®eld subtractionanda correctionfor geometrical
distortion.Thesignalto noiselevel wasdeterminedy thepho-
ton statistics.

In the presentstudy we usedonly the S vi line at 933.40
. Thisline is blendedin theredwing by He ii Balmer12 at
933.44 (Curdtetal. 1997,2001).The blende ectaccounts
for about10 % (W. Curdt, privatecommunication)f the fea-
tureat 933 . As will becomeevidentlaterin the paper this
doesnotin uence ourresults.
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Fig. 2. A sectionof the CDSrasterin the SUMER eld-of-view obtainedfrom 02:25t0 03:34UT on Octoberl8, (i.e. 1h30minafterthelast
SUMER spectrumwasregistered)in theHe i, O v andMg ix lines.A contourmapof the longitudinalphotospherienagneticeld registered
by MDI is over-plotted. Thewhite contourscorrespondo +25 G andtheblackonesto 25G.
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Fig. 3. MDI magnetogramscaledrom 25to+25G obtainedat01:00
UT on Octoberl7, with the over-plottedcontourmapof anEIT high
resolutionimageobtainedat01:25UT on Octoberl?.

2.2. MDI

MDI (Scherreret al. 1995) obsenationswere performedon
1996 October16, 17 and 18 during a coordinatedobserving
programwith EIT. MDI high resolutionphotospheridongitu-
dinal magnetogram$®® pixel 1) were obtainedwith a 60 s
exposureime anda®eld-of-view of 500 1024pixelsbetween
1996 Octoberl7 15:21UT andOctober18 07:00UT. A few
full diskimageswith a ®eld-of-view of 1024 1024pixels (F°
pixel 1) obtainedon 19960ctoberl6 and17 werealsoused.

2.3. EIT

The EIT (Delaboudinéere et al. 1995) obsenationsanalysed
in this study were obtainedin Fe xii 195 (1.6 10° K) on
1996 October16, 17 and 18. EIT was operatingat two dif-
ferentregimes,2 2 binnedfull-disk imageswith a resolution
of 24 andfull-resolution(2®2) part-diskimages The latter
hada ®eld of view of 512 512pixelsandwereobtainedfrom
01:25UT to 22:25UT on Octoberl7 every 30 minutes.After
14:55UT therewasagapof 3 hrsafterwhichonly threeimages
weretaken.

Thedatawereobtainedwith a60 s exposuretime andwere
degridded, at-®elded anddark-cune subtractedBright pixels
dueto cosmicraysor instrumentadefectswereselectedrisu-
ally andremovedby replacingthemwith the meanof the ®rst
neighboumpixels.

2.4. CDS

The CDS (Harrisonet al. 1995)datarepresensynopticobser
vationsobtainedin Hei 584.33 ( 32000K), O v 629.73

(250000 K) andMg ix 368.06 (10° K) on October18,
1996 from 02:25 UT to 03:34 UT. A raster244% 240 cen-
teredatsolarX= 2%andsolarY= 3% wasregisteredusinga
200 24P%lit with a 15 s exposure The angularpixel sizewas
1968in thesolarY directionandof about4®in thesolarX di-
rection.The standardCDS proceduresvereappliedto correct
for missingpixels,CCDreadoubias,cosmicraysand at ®eld
e ects.

3. Data analysis and results

Duetothe 10°hour * solarrotation,the SUMER 1°° 12¢P°
slit moved over a new solarregion after390s. As aroughap-
proximationwe canadoptthat 39spectrgeachspectrumwas
obtainedwith 10 s exposuretime) were taken over the same
solarregion. In Fig. 1 we showv the reproducedasterof the
47°° 100°region of the solardisk obtainedafter 5 hrs of sit-

and-stare@bsenations Besideghetypical network patternthe
rasterrevealsa 20°° 20°°bright structurevisible in boththe
Svi (200000K) andLy 6 (  20000K) lines.Thefeaturehad
aradianceof 4 timeshigherthanthat of the network. It is

impossibleto identify any particular®ne structurewithin the
obsenedevent,mostlikely dueto thelargeresultingexposure
time (390 s) of the raster The samephenomenonbut with a
smallersize,was also visible on the later (obtainedbetween
02:25and03:34UT on Octoberl8) CDSrastersn Hei, O v

andMg ix (Fig. 2). In orderto determinehenatureof this phe-
nomenonwe analysedall EIT and MDI dataavailablein the

time period of 1 day beforeand after the SUMER and CDS

obsenationsweretaken.



EIT coronal, SUMER andCDStransitionregion andmag-
netic ®eld obsenations were coalignedas describedbelow.
Firstaco-alignmenbf EIT andMDI imageswith alarge®eld-
of-view (300°° 300°°MDI high-resolution®eld of view) was
madeusing as a referencephotospherianagnetic®eld con-
centrationsof di erentscalesandtheir correspondingright-
eningsin the solar corona(Schrijver et al. 1997; Handy &
Schrijver 2001).The next stepwasto coalingthe SUMER and
CDS (CDS obseredin a rasteringmodewhich makesit eas-
ier to compareahenetwork pattern)with theMDI obsenations
againusingthenetwork asacorrespondindeature We founda
SUMERo0 setof 9arcsedn solarY and5 arcsedn solarX
directionswith respecto MDI andEIT. Thedi erentobserv-
ing modeof SUMER comparedo MDI and EIT, aswell as
CDS,wastakeninto account.

Thealignmentrevealedthatthe SUMER brighteningis the
transitionregion counterparbf a coronalbright point asiden-
ti®ed in the EIT Fexii imagesandthe CDS Mg ix raster The
magnetic®eld pattern(MDI) shovedthatthe BP wasformed
at a network junction andwasassociatedvith a small bipolar
region (seeFig. 3 andFig. 4).

3.1. Magnetic bipole and coronal brightening evolution

The formation of the BP followed a complicatedscenarian-
volving the formationanddecayof a few coronalloopsin the
obsenedregion. After inspectingall imagesasseenfrom dif-
ferentinstrumentsye couldformulatethefollowing sequences
of events.Theloop systemwasformedfrom adi usehazevis-
ible in Fexii 195 ataround03:00UT on Octoberl6. Fig. 5
presents sequencef imagesof aselectedl57°° 124region
from thefull-disk binnedandhigh-resolutiorpart-diskEIT im-
ages.The sequencéracesthe formationandthedisintegration
of acomplec loop systenfollowedby abrightpointformation,
evolutionanddecay

First at 09:00UT on 16" a small loop was formed con-
nectingthe oppositepolaritiesof a very smallmagnetichipole
whichin Fig. 3 correspond$o thebipole B. Around19:03UT
onthesamedaya biggerloop wasformedconnectinghe pre-
dominantnegative polarity of the bipole A (which hadalsoa
smallloop structure)andthe positive polarity of the bipole B
(Fig. 3). Lateron at 22:38UT the coronalloop extendedfur-
thernorthconnectinghe positive polarity of the bipole B with
the negative polarity C (Fig. 3). To summarizethe extended
doubleloop was shapedby two loops which connectedwo
negative polaritiessituatedon both sides(south-east{A) and
north-west(C)) of the positive polarity of bipole B. In bothA,
B andC small-scaldoop structuresverealsopresent.

It hasalreadybeenmentionecthatthe BP wasfound at a
network junction. A MDI movie® shows thatthe junctionwas
formedandcontinuouslycompressetby 4 or 5 evolving con-
vective cells during the whole observingperiod. Small mag-
netic fragmentswere continuouslydriven by the plasmamo-
tions from the centerof the cells towards their boundaries.
After reachingthe boundariessomeof the magneticfeatures
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were canceling (if they were of oppositepolarity) or were
melging with oneof thebipole polarities.

Despitetheabsencef hightemporalandspatialresolution
MDI obsenationsbetweer01:25UT and15:21UT on 17", the
few full disk MDI obsenations(at 08:03,09:39,11:15,12:51
and 14:27UT) togetherwith the EIT imageshelpedusto re-
constructheevolution of theunderlyinglongitudinalmagnetic
®eldfor thistime period.Theanalysisof theEIT andMDI data
revealedthat the middle positive polarity of bipole B (Fig. 3)
had moved towardsthe negative polarity C, which causedhe
creationof asmallloop structurevisible asabrightpoint (in C)
around11:250n 17" in Fig. 5. Around 06:00UT on October
17, the smallloop systemB-C fadedandonly a tiny loop re-
mainedvisible. At 07:03UT on 17", onecanseethattheloop
connectingA andB bipolesalso startedto fade(Fig. 5) and
disappeared¢ompletelyat around12:00 UT. In fact, the con-
tinuousdisplacemenbf the middle positive polarity of bipole
B towardsC causedhetwo loopsassociateavith thesebipoles
to fadeaway. At 13:55UT two separatdright pointswerevis-
ible on the placemarked as A and C on Fig. 3. At the time
of the BP formationonly onefull-disk (2°°spatialresolution)
MDI imagewasavailable(at 11:15UT while the BP appears
ontheEIT imagesat 11:25).At thattime the distancebetween
thetwo polaritieswas 7000km.

The lifetime of the BP from the momentwhenit was®rst
visible ontheEIT imagesuntil its completedisappearanceas
18 hrs. An importantobsenational fact is that the BP ex-
isted until the completecancellationof one of the polarities
(the moving one).MDI datashowved thatthe cancellation®n-
ishedat 05:26 UT on Octoberl8. The EIT imageon October
18at05:00UT displayedheBP almostasasingleEIT pixel of
enhance@missionAt 07:00UT (therewereno Fexii 195im-
ageshetweerD5:00and07:00UT), theBPis nolongervisible
in the Fexii images.

3.2. Magnetic ux and coronal emission

The evolution of the analysedmagneticbipole shoved a to-
tal magnetic ux disappearancdue to photosphericcancel-
lation. Fig. 6 shavs that the total unsignedmagnetic ux de-
creasds correlatedwith the BP radiance ux decreaseegis-
teredin Fe xii/Elf. In this studythe total unsignedmagnetic
ux pro®le ( iBijdS) wasobtainedby integratingthe ab-
solutelongitudinal magnetic®eld strengthjBj, over a rectan-
gulararraywhich includesthe bipole region. The background
wasderived from an array shaving no magnetic ux concen-
tration and then subtracted.Such a correlationwas already
found by Pres & Phillips (1999), Handy & Schrijver (2001)
andZhanget al. (2001)using X-ray, EUV andMDI joint ob-
senations.Fisheretal. (1998)usinga combineddatasebf 333
vectormagnetogramsf active regionsandtheir corresponding
time avaragesof SXT full-frame imagesderived the relation
betweenX-ray luminosity (Lx) andthe global magneticvari-
ablessuchasthe total unsignedmagneticux , thelongitu-
dinalandtrans\ersemagnetic®eld strengthl32 andB?, respec-
tively andthe longitudinalcurrentdensityJ;. They foundthat
the X-ray luminosity is highly correlatedwith all the global
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Fig.4. Themagneticeld temporalevolution of abipolarregion associateavith the coronalbright point. Theimageshave a30%° 30 eld-of-
view, andwereaveragedover veframeswith thescalingfrom 25to +25G. Theseframescaover thetime periodfrom 16:10UT on October
17t0 05:26UT on Octoberl8.

magneticvariables,but it is bestcorrelatedwith the total un-  study Neverthelessthe goodcorrelationbetweerthetotal un-
signedmagentic ux. Unfortunately the low numberof data- signedmagnetic ux andthe BP radiance ux is clearly seen
pointsin our intensity datadoesnot allow us sucha detailed (Fig. 6).
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Fig.5. Combinedtemporalsequencef binned2 2 (5°24) full-disk and high-resolution(2%2) part-diskEIT Fexii 195 A imageswith a
1570 1240 eld-of-view. Theimageswereobtainedrrom Octoberl6 at 03:00UT until Octoberl8 at07:00UT.

Handy& Schrijver (2001)alsofoundthatonly amagnetic ticeablebrighteningn theEIT Fexii coronaThereforeemen-
ux aboveathresholdof 3 10*® Mx wasassociateavith ano- ing bipoleswould appeaiasa brighteningon SXT/Yohkohim-
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agedor only asmallpercentagef bipolesandorwith ashorter gion which, at the sametime, was obsened by the EIT and

lifetime thanin EUV aswasfound by Zhanget al. (2001).A

MDI instrumentsThe 20°° 20°bright feature(seeFig. 1) was

simple explanationcould be that the appearancat a certain scannedy the SUMERSslit in approximatel\2 hours.

temperaturelependstronglyon the magneticenegy released

and,therefore pnthe bipole magnetic®eld strength.
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Fig. 6. Upperpanel: Integratedunsignedmnagnetic ux of the BP re-
gionasafunctionof time (14 hrs:from 17 Octoberat 17:00UT until
18 Octoberat 05:00UT). The missingvaluescorrespondo baddata.
Bottompanel: Integratedradianceux (asrecordedn Fexii/EIT) of
the BP region asa function of time. Only the full disk imageswere
usedbecausehey coverthelongestobservingperiod.

3.3. BP spectroscopic analysis

Priestet al. (1994) presentedh corverging ux modelof BPs
basedon the interactionof two sourcesof oppositemagnetic
polarity with the samestrength,situatedin an overlying uni-
form magnetic®eld. In their paperthe authorsraisedmary
questionsaskingfor more obsenational evidenceon the ob-
senational propertiesof coronalbright points. Most of these
questionshawever, still remainunanswerethecaus®f theab-
senceof aspectroscopianalysisof high spectraltemporaland
spatialresolutionobsenationsof BPs. In our study we were
fortunatethat the SUMER spectrograptwas pointedat a re-
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Fig. 7. Leftpanel:Svi radiancamagewith over-plottedmagneticeld
contours(white +25 G, black 25 G). Rightpanel: S vi radiancam-
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Fig. 8. Leftpanel:Svi Dopplershiftimagewith over-plottedmagnetic
eld contourgwhite+25G, black 25G). Rightpanel:EIT Fexii 195
imagewith over-plottedmagnetic eld contours(white +25 G, black
25G).

The SUMER obsenationswere performedin two lines,
Ly 6 930.748, (20000K) andSvi 933.40 (200000 K).
The Ly 6 line is blendedby O i 930.26 , He ii 930.32
andO i 930.89 . Theseblendsmadeit impossibleto esti-
matethe Dopplershift usingthisline. Theline-of-sightveloc-
ity behaviour of thetransitionregion counterparbf theBP was
studiedusingthe Svi line. The®tting of simulatedine pro®les
shav thata 10 % blendof theHe ii Balmer12933.44 tothe
Svi line addonly betweenl and2 km s ! to the derived S vi
Dopplershifts.

Now we focuson the BP andthe surroundingregion. The
left panel of Fig. 7 presentsthe S vi radianceimage with
an over-plotted contourmap of the photospheridongitudinal
magnetic®eld registeredby MDI. The white contourscorre-
spondto a magnetic®eld of +25 G and the black 25 G.
Thisimagedemonstrateherelationbetweerthebipole struc-
ture andthe correspondingdransitionregion BP. The BP was
scannedby SUMERIn 2 hoursandtheover-plottedmagnetic
®eld contourmapis takencloseto the middle of this period.
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Fig. 9. The Svi radiancemagewith the dottedline shaving the positionat which theradianceandvelocity pro les presentedn Fig. 10 were
obtained.The areasndicatedwith a solid anddashedinesrepresenthe region which hasbeenusedto derive theline pro le in the network

andbright point, respectiely.

Theright panelof Fig. 7 is acompilationof a S vi radiance
rasterandover-plottedDopplervelocity contoursThe Doppler
shift contourmapclearly shavs the patternof the typical net-
work red-shift. The BP is dominatedby a red-shiftedemission
which is associatednainly with the regions characterizedy
stronger quiet' Sunmagnetic®elds. Thisis bestvisible onthe
left panelof Fig. 8 wherethe Dopplershift imagescaledfrom

15to +15km s ! is over-plottedwith the 25G (black)and
+25 G (white) longitudinalmagnetic®eld contoursTheregion
betweerthetwo polaritiesshavs a blue-shiftpattern.

In orderto studythe temporaland spatialvariationof the
radianceandthe Dopplershift, we bin over5 consecutie spec-
tra (with aresultingtime resolutionof 50 seconds)thereby
alsoimproving our signalto noiseratio. A “stretched'raster
in which eachpositioncorresponds$o a 50 s exposuretime, is
shavn in Fig. 9. In generalthe BP hasa radiance 4 times
higherthanthat of the network. Theimagein Fig. 9 revealed
thatthe BP consistof small-scaleshort-lived brighteningsof

6% solarY size (only the solarY size canbe determined
with the presentobsenations)and 6 min duration.As was
mentionedbefore,the SUMER slit coversa new region of the
Sunafter 390sdueto thesolarrotation.Thereforeary vari-
ationsoccurringduring a period of 400+ 500s (which corre-
spondto a slit moving througha 1 + 1.5 arcsecwide feature)
shouldbeseermasatemporakchangen asinglesmall-scalghe-
nomenon.Taking into consideratiorthat the SUMER spatial
resolutionis  1:5% we believe thatthe radianceand Doppler
shift variationsdetectedn the BP correspondo a small-scale
phenomenonSucha phenomenorcould be a brighteningof
atiny loop forming the BP asalreadyobsered by Sheelg &
Golub(1979)andsuggestety Habbaletal. (1990).However,
it could alsobe dueto overimposedsmall-scaleejectionlike
featuressuchas spicules.The radianceplot in Fig. 10 better
presentshe natureof thesebrighteningslt shovstheradiance
variationsin the bright point atthe positionmarkedwith a dot-
tedline in Fig. 9. The radiancevariationsare 2 * 3 times
above the meanBP radiance.The temporalvariationsof the
Dopplershift correspondingdo the samelocationof the BP is
shavnin thelowerpanelof Fig. 10. The6 min grid helpsto dis-
tinguishthe correlationbetweertheradianceandDopplershift
variationswhich clearly shav that the radiancevariationsare
generallyaccompaniethy ared-shiftedemissionThe Doppler
shift in the BP arein therangefrom 10to +10km s ! as

thesmall-scalBP brighteningshow velocity variationsin the
range3 = 6 km s 1. A puzzlingfeatureis the appearancef a
blue-shiftedemissionin the centerof the BP correspondindo
themiddle of thescanningperiod.

Thereare di erentpossibleinterpretationsof this result.
First,it couldbeanup- ow of thewholebrightpoint(i.e.aphe-
nomenorresemblingherising cold loopssometime®bsened
during solar ares) with over-exposedbrighteningevents,or
this blue-shiftwhich clearly appearsn-betweerthe two polar
ities is the predominanemissionof the underlyingplasmaA
third possibility, is thatthis emissionis dueto a possiblesmall-
scalereconnectiorjet. Noneof theseinterpretationshowever,
can be proved in the presentstudy We expect forthcoming
studiesto answetrthis question.

The CDS obsenationsrevealedan enhancedemissionin
two or three pixels within the BP at di erentwavelengths
whichdonotcoincidespatially(Fig. 2). Thisobsenationalfact
supportghe ®nding of Habbalet al. (1990)thatthe peakradi-
ancesdn di erentlines (emittedfrom the chromospheré¢o the
corona)arenot alwaysco-spatialjmplying thatBPsmay con-
sistof acomple of small-scaldoopsatdi erenttemperatures.

3.4. Relation to explosive events and blinkers

The obsenationsin the presentstudy also help in clarifying
thequestiorwhetheJV explosive events(Madjarska& Doyle
2003andreferencesgherein)form the structuralunit of the BP
phenomenakEarlier Skylab obsenations (Moseset al. 1994)
shavedthatbright pointsarenot relatedto the explosive event
phenomenaOur study basedon continuousand higherreso-
lution obsenationscon®rmsthis fact, at leastfor the present
event. With the exceptionof one explosive event, which was
obsenred at the borderof the BP, we did not registerary par
ticular enhance@missionin the blue or/andred wings of the
obsenedline within the BP which may accountfor an explo-
sive eventphenomenonThe appearancef an explosive event
attheborderof the BP is nota surprisingfactbecausehey are
typical of theregionsat the borderof network lanes.Di erent
linesin Fig. 11 correspondo the S vi line pro®le at the BP
(solid line), the network (dashedine) andthe explosive event
(dottedline). TheBP line pro®le shovs nowing enhancements
andor ary particulardi erencewith the typical network pro-
®le exceptfor the highercountsdetectedMoreover, Teriacaet
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Fig. 10. Line amplitudevariations(top panel)and Dopplershift (bot-
tom panel)of the S vi pro le for a single pixel in the BP area(the
locationis shavn asa dottedline in Fig. 9). The 6 min grid onthese
plots helpsto identify the correlationbetweenthe Doppler shift and
line amplitudevariations.

al. (2002) presentedstrongevidencethat explosive eventsdo

notreachcoronaltemperatureand,hence cannotbethestruc-

tural unit of the BP phenomenarheappearancef small-scale
brighteningswith the durationandsize similar to thosefound

within blinkers (Chaeet al. 2000, Madjarska& Doyle 2003)

could suggesta possiblerelation betweenblinkers and BPs.

Bothphenomenarelocatedat thenetwork junctionsandwere

associateavith bipolarmagnetiaegions(Bewsheretal. 2002,

Madjarska& Doyle 2003).Unlike mostof theblinker phenom-
enawhich have only a modestpresencén Mg ix, BPsusually
shav strongemissionin thisline. If we considerhowever, that

themechanisniwhatererit is) responsibldor the bright point

appearanceat coronaltemperaturegi.e. the heatingmecha-
nism)is not alwayse cientenoughto heatthe plasmaup to

coronaltemperaturegshenwe will seetheresultingeventonly

in linesemittedat lowertemperature.

4. Discussion and conc lusions

We have examinedthetemporakndspatialevolution of acoro-
nal bright point registeredsimultaneoushpy four instruments
(EIT, MDI, SUMER and CDS) on-boardSoHO. For the ®rst
time we wereable (asfar aswe areacquaintedvith the pub-
lications) to performa high resolutionspectroscopi@nalysis
using dataobtainedby the SUMER spectrographThe evolu-

200

150 1

100t 1

I (counts)

50t ]

0 s / }\\

932.4 933.5
Wavelength (A)

Fig.11. Mean S vi line prole in the BP (solid line), the network
(dashedine) andduringanUV explosive event(dottedline). There-
gionswhich hasbeenusedto obtainthe line pro le in the network
andthe BP areindicatedwith a solid anddashedectangulaboxesin
Fig. 9, respectiely. Thelocationof the explosive eventis outsidethe
eld of view of Fig. 9 andis marked by a crossin Fig. 1.

tion of the BP from its formationuntil its full disappearance
in the solarcoronahasbheenanalysedTheresultsof this study
canbe summarizedsfollows:

At thetime whenwe ®rst detectthe BP at coronaltemper
atures the two oppositemagneticpolaritieswereat a distance
of 7000km. Schrijveretal. (1997)concludedn their study
of EIT Fexii 195 imagesandMDI magnetogramthatcoro-
nal brighteningsorm betweerapproachingppositemagnetic
polaritieswhenthe magnetic®eld concentrationsire between
5000and 25000 km apartandpersistin ux cancellationun-
til the polaritiesare 2500to 5000 km apart. They registered
only one casewherethe polaritiestouchedeachothet In our
case however, the BP remainedduringthe full periodof mag-
netic ®eld cancellationuntil the full disappearancef one of
the polarities. The decreas®f the bipole total unsignedmag-
netic ux andsurfacesizestronglycorrelatesvith theemitting
surfaceandintensity ux decreasén the Fexii corona.More
examplesare,however, neededn orderto determinewhether
the full cancellationof oneof the polaritiesor bothis a com-
mon behaiour of BPs or is only a separateclassof coronal
BPs.

The spectroscopi@analysisis animportantcontribution to
the presentwork. It revealedthat the BP consistsof numer
ous small-scale,short-lived brightenings.The Doppler shift
appearedo be of the orderof 10to +10 km s ! andno
relation to explosive events was found. The appearancef
the small-scalébrighteningsis mostly accompaniedy a red-
shiftedemissionA change-gerfromredto blue-shiftandback
to red-shiftedemissionwithin 30 min was alsoobsened. We
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proposethat this could be due to an up ow, in the form of
a possiblesmall-scalereconnectionjet partially unresohedin
ourobsenations,althoughotherhypothesisouldbe possible.

The next questionone can ask s, Do the brightenings
identi®ed in this BP representhe so called ‘micro ares' in
XBPs?'Micro ares in XBPswerealreadystudiedby mary au-
thors.Nolteetal. (1979)obsenedwith Skylab S£054impulsive
brighteningg 5 min) in two XBPswith 90 stime resolution
data.They suggestedhattheseintensityvariationsarethe sig-
natureof episodicheatingsuperimposedponcontinuousnput
of enegy. Sheelg & Golub(1979)obseredthatthe BPsare
madeup of small bright loops which turn o andon with a
timescaleof 6 min. Habbaletal. (1990)foundthatbrighten-
ingsin EUV BPsatdi erentwavelengthswith the samedura-
tion arenot co-spatial Theseandotherobsenationalfactslead
Parker (1988)to concludethat “theseoccasionabrightenings
in theemissiorriseto thelevel of micro ares, sothatthe XBP
seemgo be a scaleddown versionof the large normal active
region'. Shimojo & Shibata(1999) examinedthe occurrence
rate of micro ares (transientbrightenings)in a XBP during
its lifetime obsened with Yohkoh soft X-ray telescopeThey
foundthatthe occurrenceate (numberof eventsper hour)did
not changemuchduringthe lifetime of the XBP, althoughthe
magneticux of the XBP changedThey foundanaverageoc-
currencerate of 1 micro are every 15 minutes.Theseobser
vations,however, arestill di cult to link up with our spectro-
scopicresultsbut thedi erenceof thebrighteningoccurrence
ratecouldbedueto thedi erentspectral spatialandtemporal
resolutionof theinstruments.

Moore et al. (1977) presentedanotherobsenational fact

whichshavedthatX-ray BPsoftenproduceH macrospicules.

The authorsusedH and X-ray obsenations of so called

“ares' in X-ray BPs situatedon the limb which appeared
to be in fact macrospiculeslt is di cult to concludefrom

a spectroscopistudy of a single BP the real natureof these
transientbrightenings.To explore this problemin detailmore
multi-wavelengthand multi-instrument(spectrographimager
andmagnetographjlataare neededWe hopethatthe present
(SoHO and TRACE) and future (SolarB, SDO and Solar
Orbiter)missionswill provide uswith this opportunity
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