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Abstract. This paperpresentsthe formation,evolution anddecayof a coronalbright point via a spectroscopicanalysisof its
transitionregion counterpartandtheevolution of theunderlyingmagneticbipoleduring3 daysof almostcontinuousobserva-
tions.Thedatawereobtainedwith variousinstrumentson-boardSoHO,including theSUMERspectrographin the transition
regionline Svi 933.40Å, CDSin theHei 584.33,O v 629.73andMg ix 368.06Å lines,plusMDI andEIT. Theexistenceof the
coronalfeatureis stronglycorrelatedwith theevolution of theunderlyingbipolarregion.Thelifetime of thebright point from
themomentwhenit was�rst visible in theEIT imagesuntil its completedisappearancewas� 18 hrs.Furthermore,thebright
point only becamevisible at coronaltemperatureswhenthe two converging oppositemagneticpolaritieswere � 7000 km
apart.As far asthetemporalcoverageof thedatapermits,we foundthat thebright point disappearedat coronaltemperatures
aftera full cancellationof oneof themagneticpolarities.Thespectroscopicanalysisrevealsthepresenceof small-scale(� 600)
transientbrighteningswithin thebright point with a periodicityof � 6 min. TheDopplershift in thebright point wasfoundto
bein therangeof � 10 to 10 km s� 1 althoughit is dominatedby a red-shiftedemissionwhich is associatedwith regionschar-
acterizedby stronger̀ quiet' Sunphotosphericmagnetic�ux. Small-scalebrighteningswithin the bright point show velocity
variationsin therange3 – 6 km s� 1. In generalthebright point hasa radiance� 4 timeshigherthanthatof thenetwork. No
relationwasfoundbetweenthebrightpointandtheUV explosive eventphenomena.
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1. Intr oduction

CoronalX-ray/EUV bright points (hereafterBPs) are among
the coronalphenomenaclaimedto play an importantrole in
the coronalheatingproblem.They were®rst identi®edin the
X-rays in 1969by Vaianaet al. (1970)andlateranalysedand
describedin detailduring theSkylab mission(for reviews see
Golub 1980,Webb1986,Habbal1992).BPsaresmall (3000±
4000 size) coronal featuresof enhancedemissionwith a 500±
1000bright core.They wereassociatedwith smallbipolarmag-
netic features,exceptfor newly emerging or old anddecaying
BPs whereonly one of the polarities is visible (Golub et al.
1977).They werefoundin the`quiet' Sunregionsandcoronal
holes,at the network boundarieswherethe `quiet' Sunmag-
netic®eld is mainlyconcentrated(Habbaletal. 1990).Sheeley
& Golub(1979)obtainedauniquesequenceof high resolution
Naval ResearchLaboratory(NRL) Skylab spectroheliograms
with a spatialresolutionof � 200. They showed that thecoro-
nalBPspatternconsistsof 2 or 3 miniatureloops(2500km in
diameterand� 12000 km long) evolving on a time scaleof
� 6 min. Observationsby Habbalet al. (1990)con®rmedthis
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result showing that simultaneouslymeasuredpeaksof emis-
sionin six di� erentlines(emittedfrom thechromosphereto the
corona)werenotalwaysco-spatial,implying thattheBPscon-
sistof acomplex of small-scaleloopsatdi� erenttemperatures.
Theaveragelifetime of aBP is � 20hrs(Zhanget al. 2001)as
observedin EUV linesand8 hrsasdeterminedby SkylabX-ray
observations(Golubetal. 1974).Zhangetal. (2001)suggested
thatthetemperatureof BPsis generallybelow 2 106 K, which
explainstheir smallersizeandshorterlifetime in X-rays.

BPswerealsoobserved in the transitionregion andchro-
mosphere,where someof them appearedat a low contrast
with a brightnesssimilar to the brightnessof the network el-
ements(Habbal& Withbroe1981;Habbalet al. 1990;Habbal
1992).UsingtheHigh ResolutionTelescopeandSpectrograph
(HRTS), Moseset al. (1994)performeda spectroscopicstudy
aimedat investigatingthecorrespondenceof small-scalestruc-
tures from di� erent temperatureregimes in the solar atmo-
sphereand in particularthe relationshipbetweenX-ray BPs
(XBPs)andUV transitionregionexplosiveevents.They found
that the featuresin C iv 1548� correspondingto XBPs were
in generalbright, largerscale(� 1000) regionsof complex ve-
locity ®eldsof theorderof 40 km s� 1 which, accordingto the
authors,is typical for thebrighterC iv network elements.They
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also concludedthat the transitionregion explosive eventsdo
not corresponddirectly to XBPs.

Webb et al. (1993) found that XBPs are associatedwith
thecancellationof network, intranetwork or ephemeralregion
magnetic®elds.Theseauthorsconcludedthatnearlyall XBPs
(88%)areassociatedwith convergingmagneticfeaturesof op-
positepolarity, irrespective of their origin. They observedthat
someXBPs arepresenteven beforethe onsetof cancellation
althoughthis resultmayverymuchdependontheinstrumental
resolution.XBPsaremorethantwiceaslikely to beassociated
with decayingor cancelingmagneticfeaturesthanwith emerg-
ing or growing ones(Webb et al. 1993).Priestet al. (1994)
presenteda two-dimensionalmodel(a converging �ux model)
of BPs basedon the interactionof two sourcesof opposite
magneticpolaritywith thesamestrength,situatedin anoverly-
ing uniform magnetic®eld. Laterthemodelwasfurtherdevel-
opedby Parnell et al. (1994b)for interactionof two magnetic
sourceswith an oppositesign, but di� erentstrengthswhich
agreeswith the main XBPs and cancelingmagneticfeatures
observations.A three-dimensionalmodelfor reconnectionwas
alsodevelopedby Parnellet al. (1994a).Langcope(1998)de-
velopedaminimumcurrentcoronalmodel(three-dimensional)
usingmeasurablequantitiesanda few freeparametersto make
quantative predictionsof morphologyandpower lossin a sin-
gleXBP.

The Solar and Heliospheric Observatory (SoHO) pro-
vided the ®rst opportunity for simultaneousobservations
of the solar atmospherefrom the photosphereto the solar
corona.Observationsobtainedby four of the instrumentson-
boardSoHO,theExtreme-ultraviolet ImagingTelescope(EIT),
the Solar Ultraviolet Measurementsof Emitted Radiation
(SUMER)spectrograph,theCoronalDiagnosticsSpectrometer
(CDS)andtheMichelsonDopplerImager(MDI) enablestud-
ies of coronalstructurestogetherwith their counterpartin the
transition region, chromosphereand underlying longitudinal
photosphericmagnetic®eld. The highertemporal,spatialand
spectralresolutionof the presentgenerationinstrumentsen-
ablesus to study in this paperthe formation, evolution and
decayof a BP observed in EIT narrow-bandimagescentered
aroundthe Fe xii 195 � coronal line (1.6 106 K) together
with the evolution of the underlying longitudinal magnetic
®eld (MDI) during 3 daysof almostcontinuousobservations.
SUMERobservationswereperformedin thesameregionin the
transitionregionSvi 933� andLy 6 930� lines.Thehighres-
olution spectroscopicobservationspermittedus to determine
the plasma�o ws within the BP throughthe Dopplershifts of
oneof theobservedlines.Theassociationof coronalBPswith
transientphenomenasuchasexplosive eventsandblinkersis
alsobrie�y discussed.In Sect.2 we presenttheobservational
datawhile Sect.3 presentsthe dataanalysisandresults.The
discussionandconclusionsaregivenin Sect.4.

2. Obser vational material

2.1. SUMER

Theobservationsobtainedwith theSUMERspectrograph(for
detailsseeWilhelm et al. 1995, 1997; Lemaireet al. 1997)

Fig.1.SUMERradianceimagesin theLy 6930Å (left) andSvi 933Å
(right) lines. The bright featurevisible aroundsolarY = –2000 was
associatedwith a coronalbright point. The locationof the explosive
event(whosecorrespondingline pro�le is shown in Fig 11) is marked
by acrossin bothimages(top righthandcorner).

representhigh cadencetemporalseriesin thetransitionregion
S vi 933.40� (200000 K) andchromospheric/low transition
region Ly 6 930.748� (20000 K) lines.The datasetwasob-
tainedon 1996October17 and18 in the `quiet' Sunat helio-
graphiccoordinatesX = 000andY = 000. A 100� 12000slit was
used.Theobservationsstartedon October17 at 19:23UT and
®nishedon October18 at 00:23 UT. The datasetconsistsof
a full spectrumover the spectralrange907 ± 954 � obtained
prior to eachtemporalseries.The full spectrawereobtained
exposinga bandof 120spatial� 1024spectralpixelsfrom the
centralpart of detectorB for 200 s. The wavelengthcalibra-
tion for SUMER, which hasno calibrationsourceon-board,
is usuallydoneusingchromosphericlinesof neutralatoms.In
thepresentstudythefull spectrumcoversa few unblendedO i
linessuchasO i 929.52� andO i 936.63� which wereused
aswavelengthstandardsduringthecalibration.Sincetherefer-
encelinesarein generalratherweak,weusedpro®lesaveraged
alongthe slit to determinethe centroidsof theselines from a
Gaussian®t. BoththeLy 6 andSvi lineswereregisteredonthe
KBr partof thedetector.

The temporalsequenceconsistsof two spectralwindows
(120spatial� 50 spectralpixels)centeredon Ly 6 930.748�
and S vi 933.40�, obtainedwith a 10 s exposuretime. No
compensationfor thesolarrotationwasappliedandtherefore
for a solarrotationat theseheliographiccoordinatesof about
1000/h, the100slit coveredaregionof � 4700.

Thereductionof SUMERraw datainvolveslocalgaincor-
rection,�at-®eld subtractionanda correctionfor geometrical
distortion.Thesignalto noiselevel wasdeterminedby thepho-
tonstatistics.

In the presentstudywe usedonly the S vi line at 933.40
�. This line is blendedin the red wing by He ii Balmer12 at
933.44� (Curdtet al. 1997,2001).Theblende� ectaccounts
for about10 % (W. Curdt,privatecommunication)of the fea-
ture at 933 �. As will becomeevident later in the paper, this
doesnot in�uence our results.
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Fig.2. A sectionof theCDSrasterin theSUMER�eld-of-view obtainedfrom 02:25to 03:34UT on October18, (i.e. � 1h30minafterthelast
SUMERspectrumwasregistered)in theHe i, O v andMg ix lines.A contourmapof thelongitudinalphotosphericmagnetic�eld registered
by MDI is over-plotted.Thewhitecontourscorrespondto +25G andtheblackonesto � 25G.

Fig.3.MDI magnetogramscaledfrom � 25to +25G obtainedat01:00
UT on October17,with theover-plottedcontourmapof anEIT high
resolutionimageobtainedat01:25UT onOctober17.

2.2. MDI

MDI (Scherreret al. 1995) observationswere performedon
1996 October16, 17 and 18 during a coordinatedobserving
programwith EIT. MDI high resolutionphotosphericlongitu-
dinal magnetograms(0:006 pixel� 1) wereobtainedwith a 60 s
exposuretimeanda®eld-of-view of 500� 1024pixelsbetween
1996October17 15:21UT andOctober18 07:00UT. A few
full disk imageswith a ®eld-of-view of 1024� 1024pixels(200

pixel� 1) obtainedon1996October16and17werealsoused.

2.3. EIT

The EIT (Delaboudini�ere et al. 1995) observationsanalysed
in this study were obtainedin Fe xii 195 � (1.6 106 K) on
1996 October16, 17 and 18. EIT was operatingat two dif-
ferentregimes,2� 2 binnedfull-disk imageswith a resolution
of 5:0024 andfull-resolution(2:0062) part-diskimages.Thelatter
hada ®eld of view of 512� 512pixelsandwereobtainedfrom
01:25UT to 22:25UT on October17 every 30 minutes.After
14:55UT therewasagapof 3 hrsafterwhichonly threeimages
weretaken.

Thedatawereobtainedwith a60sexposuretimeandwere
degridded,�at-®elded anddark-curvesubtracted.Bright pixels
dueto cosmicraysor instrumentaldefectswereselectedvisu-
ally andremovedby replacingthemwith themeanof the®rst
neighbourpixels.

2.4. CDS

TheCDS(Harrisonet al. 1995)datarepresentsynopticobser-
vationsobtainedin He i 584.33� (� 32000 K), O v 629.73
� (250000 K) andMg ix 368.06� (106 K) on October18,
1996 from 02:25UT to 03:34UT. A raster24400� 24000cen-
teredatsolarX=� 200andsolar Y=� 300, wasregisteredusinga
200� 24000slit with a 15 s exposure.Theangularpixel sizewas
1:0068 in thesolarY directionandof about400in thesolarX di-
rection.ThestandardCDSprocedureswereappliedto correct
for missingpixels,CCDreadoutbias,cosmicraysand�at ®eld
e� ects.

3. Data analysis and results

Dueto the� 1000hour� 1 solarrotation,theSUMER100� 12000

slit movedover a new solarregion after390s. As a roughap-
proximationwecanadoptthat� 39spectra(eachspectrumwas
obtainedwith 10 s exposuretime) were taken over the same
solar region. In Fig. 1 we show the reproducedrasterof the
4700� 10000region of the solardisk obtainedafter 5 hrs of sit-
and-stareobservations.Besidesthetypicalnetwork pattern,the
rasterrevealsa � 2000� 2000bright structurevisible in boththe
S vi (200000K) andLy 6 (� 20000K) lines.Thefeaturehad
a radianceof � 4 timeshigher thanthat of the network. It is
impossibleto identify any particular®ne structurewithin the
observedevent,mostlikely dueto thelargeresultingexposure
time (390 s) of the raster. The samephenomenon,but with a
smallersize,was also visible on the later (obtainedbetween
02:25and03:34UT on October18) CDS rastersin He i, O v
andMg ix (Fig. 2). In orderto determinethenatureof thisphe-
nomenonwe analysedall EIT andMDI dataavailable in the
time period of 1 day beforeandafter the SUMER andCDS
observationsweretaken.
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EIT coronal,SUMERandCDStransitionregion andmag-
netic ®eld observations were coalignedas describedbelow.
Firstaco-alignmentof EIT andMDI imageswith a large®eld-
of-view (30000� 30000MDI high-resolution®eld of view) was
madeusing as a referencephotosphericmagnetic®eld con-
centrationsof di� erentscalesandtheir correspondingbright-
eningsin the solar corona(Schrijver et al. 1997; Handy &
Schrijver2001).Thenext stepwasto coalingtheSUMERand
CDS (CDS observed in a rasteringmodewhich makesit eas-
ier to comparethenetwork pattern)with theMDI observations
againusingthenetwork asacorrespondingfeature.Wefounda
SUMERo� setof � 9 arcsecin solarY and5 arcsecin solar X
directionswith respectto MDI andEIT. Thedi� erentobserv-
ing modeof SUMER comparedto MDI andEIT, aswell as
CDS,wastakeninto account.

ThealignmentrevealedthattheSUMERbrighteningis the
transitionregion counterpartof a coronalbright point asiden-
ti®ed in theEIT Fexii imagesandtheCDSMg ix raster. The
magnetic®eld pattern(MDI) showed that theBP wasformed
at a network junctionandwasassociatedwith a smallbipolar
region (seeFig. 3 andFig. 4).

3.1. Magnetic bipole and coronal brightening evolution

The formationof the BP followed a complicatedscenarioin-
volving theformationanddecayof a few coronalloopsin the
observedregion. After inspectingall imagesasseenfrom dif-
ferentinstruments,wecouldformulatethefollowingsequences
of events.Theloopsystemwasformedfrom adi� usehazevis-
ible in Fexii 195� at around03:00UT on October16.Fig. 5
presentsasequenceof imagesof aselected15700� 12400region
from thefull-disk binnedandhigh-resolutionpart-diskEIT im-
ages.Thesequencetracestheformationandthedisintegration
of acomplex loopsystemfollowedby abrightpointformation,
evolutionanddecay.

First at 09:00 UT on 16th a small loop was formed con-
nectingtheoppositepolaritiesof a very smallmagneticbipole
which in Fig. 3 correspondsto thebipoleB. Around19:03UT
on thesamedaya biggerloop wasformedconnectingthepre-
dominantnegative polarity of the bipole A (which hadalsoa
small loop structure)andthepositive polarity of the bipoleB
(Fig. 3). Later on at 22:38UT the coronalloop extendedfur-
thernorthconnectingthepositivepolarity of thebipoleB with
the negative polarity C (Fig. 3). To summarize,the extended
double loop was shapedby two loops which connectedtwo
negative polaritiessituatedon both sides(south-east(A) and
north-west(C)) of thepositive polarity of bipoleB. In bothA,
B andC small-scaleloopstructureswerealsopresent.

It hasalreadybeenmentionedthat the BP wasfound at a
network junction.A MDI movie1 shows that the junctionwas
formedandcontinuouslycompressedby 4 or 5 evolving con-
vective cells during the whole observingperiod.Small mag-
netic fragmentswerecontinuouslydriven by the plasmamo-
tions from the centerof the cells towards their boundaries.
After reachingthe boundariessomeof the magneticfeatures

1 http://star.arm.ac.uk/� madj/movie mdi2.html

were canceling(if they were of oppositepolarity) or were
mergingwith oneof thebipolepolarities.

Despitetheabsenceof high temporalandspatialresolution
MDI observationsbetween01:25UT and15:21UT on17th, the
few full disk MDI observations(at 08:03,09:39,11:15,12:51
and14:27UT) togetherwith the EIT imageshelpedus to re-
constructtheevolutionof theunderlyinglongitudinalmagnetic
®eld for this timeperiod.Theanalysisof theEIT andMDI data
revealedthat the middle positive polarity of bipole B (Fig. 3)
hadmovedtowardsthenegative polarity C, which causedthe
creationof asmallloopstructurevisibleasabrightpoint (in C)
around11:25on 17th in Fig. 5. Around06:00UT on October
17, the small loop systemB-C fadedandonly a tiny loop re-
mainedvisible.At 07:03UT on17th, onecanseethattheloop
connectingA andB bipolesalso startedto fade(Fig. 5) and
disappearedcompletelyat around12:00UT. In fact, the con-
tinuousdisplacementof themiddlepositive polarity of bipole
B towardsC causedthetwo loopsassociatedwith thesebipoles
to fadeaway. At 13:55UT two separatebrightpointswerevis-
ible on the placemarked as A and C on Fig. 3. At the time
of the BP formationonly onefull-disk (200spatialresolution)
MDI imagewasavailable(at 11:15UT while the BP appears
on theEIT imagesat11:25).At thattime thedistancebetween
thetwo polaritieswas� 7000km.

The lifetime of theBP from themomentwhenit was®rst
visibleontheEIT imagesuntil its completedisappearancewas
� 18 hrs. An importantobservational fact is that the BP ex-
isted until the completecancellationof one of the polarities
(the moving one).MDI datashowed that thecancellation®n-
ishedat 05:26UT on October18. The EIT imageon October
18at05:00UT displayedtheBPalmostasasingleEIT pixelof
enhancedemission.At 07:00UT (therewerenoFexii 195im-
agesbetween05:00and07:00UT), theBPis no longervisible
in theFexii images.

3.2. Magnetic �ux and coronal emission

The evolution of the analysedmagneticbipole showed a to-
tal magnetic�ux disappearancedue to photosphericcancel-
lation. Fig. 6 shows that the total unsignedmagnetic�ux de-
creaseis correlatedwith the BP radiance�ux decreaseregis-
teredin Fe xii/EIT. In this study the total unsignedmagnetic
�ux pro®le(� =

R
jBl jdS) wasobtainedby integratingtheab-

solutelongitudinalmagnetic®eld strengthjBl j, over a rectan-
gulararraywhich includesthebipole region. Thebackground
wasderived from an arrayshowing no magnetic�ux concen-
tration and then subtracted.Such a correlationwas already
found by Prés & Phillips (1999),Handy & Schrijver (2001)
andZhanget al. (2001)usingX-ray, EUV andMDI joint ob-
servations.Fisheretal. (1998)usingacombineddatasetof 333
vectormagnetogramsof activeregionsandtheircorresponding
time avaragesof SXT full-frame imagesderived the relation
betweenX-ray luminosity (LX) andthe global magneticvari-
ablessuchasthe total unsignedmagnetic�ux � , the longitu-
dinal andtransversemagnetic®eld strengthB2

l andB2
t , respec-

tively andthe longitudinalcurrentdensityJl . They foundthat
the X-ray luminosity is highly correlatedwith all the global
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Fig.4. Themagnetic�eld temporalevolutionof abipolarregionassociatedwith thecoronalbrightpoint.Theimageshavea3000� 3000�eld-of-
view, andwereaveragedover � ve frameswith thescalingfrom � 25 to +25G. Theseframescover thetime periodfrom 16:10UT on October
17 to 05:26UT on October18.

magneticvariables,but it is bestcorrelatedwith the total un-
signedmagentic�ux. Unfortunately, the low numberof data-
points in our intensitydatadoesnot allow us sucha detailed

study. Nevertheless,thegoodcorrelationbetweenthetotal un-
signedmagnetic�ux andthe BP radiance�ux is clearly seen
(Fig. 6).
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Fig.5. Combinedtemporalsequenceof binned2� 2 (5:0024) full-disk andhigh-resolution(2:0062) part-diskEIT Fe xii 195 Å imageswith a
15700� 12400�eld-of-view. Theimageswereobtainedfrom October16at 03:00UT until October18 at07:00UT.

Handy& Schrijver (2001)alsofoundthatonly a magnetic
�ux abovea thresholdof 3� 1018 Mx wasassociatedwith ano-

ticeablebrighteningin theEIT Fexii corona.Therefore,emerg-
ing bipoleswouldappearasabrighteningonSXT/Yohkohim-
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agesfor onlyasmallpercentageof bipolesand/orwith ashorter
lifetime thanin EUV aswasfound by Zhanget al. (2001).A
simple explanationcould be that the appearanceat a certain
temperaturedependsstronglyon themagneticenergy released
and,therefore,on thebipolemagnetic®eld strength.

Fig.6. Upperpanel: Integratedunsignedmagnetic�ux of theBP re-
gion asa functionof time (14 hrs:from 17 Octoberat 17:00UT until
18 Octoberat 05:00UT). Themissingvaluescorrespondto baddata.
Bottompanel: Integratedradiance�ux (asrecordedin Fexii/EIT) of
the BP region asa function of time. Only the full disk imageswere
usedbecausethey cover thelongestobservingperiod.

3.3. BP spectroscopic analysis

Priestet al. (1994)presenteda converging �ux modelof BPs
basedon the interactionof two sourcesof oppositemagnetic
polarity with the samestrength,situatedin an overlying uni-
form magnetic®eld. In their paperthe authorsraisedmany
questionsaskingfor more observationalevidenceon the ob-
servationalpropertiesof coronalbright points.Most of these
questions,however, still remainunansweredbecauseof theab-
senceof aspectroscopicanalysisof highspectral,temporaland
spatialresolutionobservationsof BPs. In our studywe were
fortunatethat the SUMER spectrographwaspointedat a re-

gion which, at the sametime, was observed by the EIT and
MDI instruments.The2000� 2000bright feature(seeFig. 1) was
scannedby theSUMERslit in approximately2 hours.

Fig.7.Leftpanel:Svi radianceimagewith over-plottedmagnetic�eld
contours(white +25 G, black� 25 G). Rightpanel:S vi radianceim-
agewith over-plottedvelocity contours(white +3 km s� 1, black � 3
km s� 1.

Fig.8.Leftpanel:Svi Dopplershift imagewith over-plottedmagnetic
�eld contours(white+25G,black� 25G).Rightpanel:EIT Fexii 195
imagewith over-plottedmagnetic�eld contours(white +25 G, black
� 25G).

The SUMER observationswere performedin two lines,
Ly 6 930.748�, (20000 K) andS vi 933.40� (200000 K).
The Ly 6 line is blendedby O i 930.26�, He ii 930.32�
and O i 930.89�. Theseblendsmadeit impossibleto esti-
matetheDopplershift usingthis line. Theline-of-sightveloc-
ity behaviour of thetransitionregioncounterpartof theBPwas
studiedusingtheSvi line. The®tting of simulatedline pro®les
show thata 10% blendof theHe ii Balmer12933.44� to the
S vi line addonly between1 and2 km s� 1 to thederivedS vi
Dopplershifts.

Now we focuson theBP andthesurroundingregion. The
left panel of Fig. 7 presentsthe S vi radianceimage with
an over-plottedcontourmapof the photosphericlongitudinal
magnetic®eld registeredby MDI. The white contourscorre-
spondto a magnetic®eld of +25 G and the black � 25 G.
This imagedemonstratestherelationbetweenthebipolestruc-
ture andthe correspondingtransitionregion BP. The BP was
scannedby SUMERin � 2 hoursandtheover-plottedmagnetic
®eld contourmapis takencloseto themiddleof thisperiod.
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Fig.9. TheS vi radianceimagewith thedottedline showing thepositionat which theradianceandvelocity pro�les presentedin Fig. 10 were
obtained.Theareasindicatedwith a solid anddashedlinesrepresenttheregion which hasbeenusedto derive theline pro�le in thenetwork
andbrightpoint, respectively.

Theright panelof Fig. 7 is acompilationof aSvi radiance
rasterandover-plottedDopplervelocitycontours.TheDoppler
shift contourmapclearlyshows thepatternof the typical net-
work red-shift.TheBP is dominatedby a red-shiftedemission
which is associatedmainly with the regionscharacterizedby
stronger̀ quiet' Sunmagnetic®elds.This is bestvisibleon the
left panelof Fig. 8 wheretheDopplershift imagescaledfrom
� 15 to +15 km s� 1 is over-plottedwith the � 25 G (black)and
+25G (white) longitudinalmagnetic®eldcontours.Theregion
betweenthetwo polaritiesshowsa blue-shiftpattern.

In orderto studythe temporalandspatialvariationof the
radianceandtheDopplershift,webin over5 consecutivespec-
tra (with a resultingtime resolutionof � 50 seconds),thereby
also improving our signal to noiseratio. A `stretched'raster,
in which eachpositioncorrespondsto a 50 s exposuretime, is
shown in Fig. 9. In generalthe BP hasa radiance� 4 times
higherthanthatof the network. The imagein Fig. 9 revealed
thattheBP consistsof small-scale,short-livedbrighteningsof
� 600 solarY size (only the solarY size can be determined
with the presentobservations)and� 6 min duration.As was
mentionedbefore,theSUMERslit coversa new region of the
Sunafter� 390sdueto thesolarrotation.Therefore,any vari-
ationsoccurringduringa periodof 400± 500s (which corre-
spondto a slit moving througha 1 ± 1.5 arcsecwide feature)
shouldbeseenasatemporalchangein asinglesmall-scalephe-
nomenon.Taking into considerationthat the SUMER spatial
resolutionis � 1:500, we believe that theradianceandDoppler
shift variationsdetectedin theBP correspondto a small-scale
phenomenon.Sucha phenomenoncould be a brighteningof
a tiny loop forming theBP asalreadyobservedby Sheeley &
Golub(1979)andsuggestedby Habbaletal. (1990).However,
it could alsobe dueto over-imposedsmall-scaleejectionlike
featuressuchasspicules.The radianceplot in Fig. 10 better
presentsthenatureof thesebrightenings.It shows theradiance
variationsin thebrightpointat thepositionmarkedwith adot-
ted line in Fig. 9. The radiancevariationsare � 2 ± 3 times
above the meanBP radiance.The temporalvariationsof the
Dopplershift correspondingto thesamelocationof theBP is
shown in thelowerpanelof Fig.10.The6 min gridhelpsto dis-
tinguishthecorrelationbetweentheradianceandDopplershift
variationswhich clearly show that the radiancevariationsare
generallyaccompaniedby ared-shiftedemission.TheDoppler
shift in the BP are in the rangefrom � 10 to +10 km s� 1 as

thesmall-scaleBPbrighteningsshow velocityvariationsin the
range3 ± 6 km s� 1. A puzzlingfeatureis theappearanceof a
blue-shiftedemissionin thecenterof theBP correspondingto
themiddleof thescanningperiod.

Thereare di� erentpossibleinterpretationsof this result.
First,it couldbeanup-�ow of thewholebrightpoint(i.e.aphe-
nomenonresemblingtherisingcold loopssometimesobserved
during solar �ares) with over-exposedbrighteningevents,or
this blue-shiftwhichclearlyappearsin-betweenthetwo polar-
ities is thepredominantemissionof theunderlyingplasma.A
third possibility, is thatthisemissionis dueto apossiblesmall-
scalereconnectionjet. Noneof theseinterpretations,however,
can be proved in the presentstudy. We expect forthcoming
studiesto answerthisquestion.

The CDS observationsrevealedan enhancedemissionin
two or three pixels within the BP at di� erent wavelengths
whichdonotcoincidespatially(Fig.2).Thisobservationalfact
supportsthe®ndingof Habbalet al. (1990)that thepeakradi-
ancesin di� erentlines(emittedfrom thechromosphereto the
corona)arenot alwaysco-spatial,implying thatBPsmaycon-
sistof acomplex of small-scaleloopsatdi� erenttemperatures.

3.4. Relation to explosive events and blinkers

The observationsin the presentstudy also help in clarifying
thequestionwhetherUV explosiveevents(Madjarska& Doyle
2003andreferencestherein)form thestructuralunit of theBP
phenomena.Earlier Skylab observations(Moseset al. 1994)
showedthatbrightpointsarenot relatedto theexplosiveevent
phenomena.Our studybasedon continuousandhigher reso-
lution observationscon®rmsthis fact, at leastfor the present
event. With the exceptionof oneexplosive event,which was
observedat the borderof the BP, we did not registerany par-
ticular enhancedemissionin the blue or/andred wings of the
observed line within theBP which mayaccountfor anexplo-
sive eventphenomenon.Theappearanceof anexplosiveevent
at theborderof theBP is nota surprisingfactbecausethey are
typical of theregionsat theborderof network lanes.Di� erent
lines in Fig. 11 correspondto the S vi line pro®le at the BP
(solid line), thenetwork (dashedline) andtheexplosive event
(dottedline). TheBPline pro®leshowsnowing enhancements
and/or any particulardi� erencewith the typical network pro-
®le exceptfor thehighercountsdetected.Moreover, Teriacaet
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Fig.10.Line amplitudevariations(top panel)andDopplershift (bot-
tom panel)of the S vi pro�le for a singlepixel in the BP area(the
locationis shown asa dottedline in Fig. 9). The6 min grid on these
plots helpsto identify the correlationbetweenthe Dopplershift and
line amplitudevariations.

al. (2002)presentedstrongevidencethat explosive eventsdo
not reachcoronaltemperaturesand,hence,cannotbethestruc-
turalunit of theBPphenomena.Theappearanceof small-scale
brighteningswith thedurationandsizesimilar to thosefound
within blinkers(Chaeet al. 2000,Madjarska& Doyle 2003)
could suggesta possiblerelation betweenblinkers and BPs.
Bothphenomenaarelocatedat thenetwork junctionsandwere
associatedwith bipolarmagneticregions(Bewsheret al. 2002,
Madjarska& Doyle 2003).Unlikemostof theblinkerphenom-
enawhich have only a modestpresencein Mg ix, BPsusually
show strongemissionin this line. If weconsider, however, that
themechanism(whatever it is) responsiblefor thebright point
appearanceat coronal temperatures(i.e. the heatingmecha-
nism) is not alwayse� cient enoughto heatthe plasmaup to
coronaltemperatures,thenwe will seetheresultingeventonly
in linesemittedat lower temperature.

4. Discussion and conc lusions

Wehaveexaminedthetemporalandspatialevolutionof acoro-
nal bright point registeredsimultaneouslyby four instruments
(EIT, MDI, SUMER andCDS) on-boardSoHO.For the ®rst
time we wereable(asfar aswe areacquaintedwith thepub-
lications) to performa high resolutionspectroscopicanalysis
usingdataobtainedby the SUMER spectrograph.The evolu-

Fig.11. Mean S vi line pro�le in the BP (solid line), the network
(dashedline) andduringanUV explosive event(dottedline). There-
gionswhich hasbeenusedto obtain the line pro�le in the network
andtheBPareindicatedwith a solid anddashedrectangularboxesin
Fig. 9, respectively. Thelocationof theexplosive event is outsidethe
�eld of view of Fig. 9 andis markedby a crossin Fig. 1.

tion of the BP from its formationuntil its full disappearance
in thesolarcoronahasbeenanalysed.Theresultsof this study
canbesummarizedasfollows:

At thetime whenwe ®rst detecttheBP at coronaltemper-
atures,thetwo oppositemagneticpolaritieswereat a distance
of � 7000km. Schrijveret al. (1997)concludedin their study
of EIT Fexii 195� imagesandMDI magnetogramsthatcoro-
nal brighteningsform betweenapproachingoppositemagnetic
polaritieswhenthemagnetic®eld concentrationsarebetween
5000and25000 km apartandpersistin �ux cancellationun-
til the polaritiesare 2500 to 5000 km apart.They registered
only onecasewherethe polaritiestouchedeachother. In our
case,however, theBP remainedduringthefull periodof mag-
netic ®eld cancellationuntil the full disappearanceof oneof
the polarities.The decreaseof the bipole total unsignedmag-
netic�ux andsurfacesizestronglycorrelateswith theemitting
surfaceandintensity�ux decreasein the Fe xii corona.More
examplesare,however, neededin orderto determinewhether
the full cancellationof oneof thepolaritiesor both is a com-
mon behaviour of BPs or is only a separateclassof coronal
BPs.

The spectroscopicanalysisis an importantcontribution to
the presentwork. It revealedthat the BP consistsof numer-
ous small-scale,short-lived brightenings.The Doppler shift
appearedto be of the order of � 10 to +10 km s� 1 and no
relation to explosive events was found. The appearanceof
the small-scalebrighteningsis mostly accompaniedby a red-
shiftedemission.A change-overfromredtoblue-shiftandback
to red-shiftedemissionwithin 30 min wasalsoobserved.We
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proposethat this could be due to an up�ow, in the form of
a possiblesmall-scalereconnectionjet partially unresolved in
ourobservations,althoughotherhypothesiscouldbepossible.

The next questionone can ask is, `Do the brightenings
identi®ed in this BP representthe so called `micro�ares' in
XBPs?'Micro�ares in XBPswerealreadystudiedby many au-
thors.Nolteetal. (1979)observedwith SkylabS±054impulsive
brightenings(

�

5 min) in two XBPswith 90 s time resolution
data.They suggestedthattheseintensityvariationsarethesig-
natureof episodicheatingsuperimposeduponcontinuousinput
of energy. Sheeley & Golub (1979)observedthat theBPsare
madeup of small bright loops which turn o� and on with a
timescaleof � 6 min. Habbaletal. (1990)foundthatbrighten-
ingsin EUV BPsat di� erentwavelengthswith thesamedura-
tion arenotco-spatial.Theseandotherobservationalfactslead
Parker (1988)to concludethat `theseoccasionalbrightenings
in theemissionriseto thelevel of micro�ares,sothattheXBP
seemsto be a scaleddown versionof the large normalactive
region'. Shimojo & Shibata(1999) examinedthe occurrence
rate of micro�ares (transientbrightenings)in a XBP during
its lifetime observed with Yohkoh soft X-ray telescope.They
foundthattheoccurrencerate(numberof eventsperhour)did
not changemuchduring the lifetime of theXBP, althoughthe
magnetic�ux of theXBP changed.They foundanaverageoc-
currencerateof 1 micro�are every 15 minutes.Theseobser-
vations,however, arestill di� cult to link up with our spectro-
scopicresults,but thedi� erenceof thebrighteningoccurrence
ratecouldbedueto thedi� erentspectral,spatialandtemporal
resolutionof theinstruments.

Moore et al. (1977) presentedanotherobservational fact
whichshowedthatX-rayBPsoftenproduceH� macrospicules.
The authorsused H� and X-ray observations of so called
`�ares' in X-ray BPs situatedon the limb which appeared
to be in fact macrospicules.It is di� cult to concludefrom
a spectroscopicstudyof a single BP the real natureof these
transientbrightenings.To explore this problemin detailmore
multi-wavelengthandmulti-instrument(spectrograph,imager
andmagnetograph)dataareneeded.We hopethat thepresent
(SoHO and TRACE) and future (Solar-B, SDO and Solar
Orbiter)missionswill provideuswith thisopportunity.
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