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Abstract. Observationsof a solar �are at 617 MHz with the Giant Meter–wave RadioTelescopeareusedto studythe
morphologyof �are radioemssionat decimetricwavelengths.Therehasbeenvery little imagingin the500– 1000MHz
frequency range,but it is of greatinterestsinceit correspondsto densitiesatwhichenergy is believedto bereleasedin solar
�ares. This eventhasa very distinctive morphologyat 617MHz: the radio emissionis clearly resolved by the 3000beam
into arc–shapedsourcesseemingto lie at thetopsof long loops,anchoredat oneendin theactive region in which the�are
occurs,with theotherendlying some200000km awayin aregionof quietsolaratmosphere.Microwaveimagesshow fairly
conventionalbehaviour for the�are in theactive region: it consistsof two compactsourcesoverlying regionsof opposite
magneticpolarity in thephotosphere.Thedecimetricemissionis con�ned to theperiodleadingup to theimpulsive phase
of the�are, anddoesnot extendover a wide frequency range.This factsuggestsa �are mechanismin which themagnetic
�eld atconsiderableheightin thecoronais destabilizeda few minutesprior to themainenergy releaselower in thecorona.
Theradiomorphologyalsosuggeststhattheradiatingelectronsaretrappednearthetopsof magneticloops,andtherefore
mayhave pitchanglesnear90� .
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1. Intr oduction

Therehasbeenessentiallyno imagingof solarradioburstsin thedecimetricwavelengthrange(fre-
quencies500 to 1000MHz), althoughtherehasbeenextensive monitoringof �ux es in this range,
notably by the ETH–Zurich radio group (Güdel and Benz, 1988; Isliker and Benz, 1994; Benz,
2004)andthe Ondrejov group(Ji�ri �cka et al., 2001;Ji�ri �cka et al., 2002).From this monitoringit is
known thatthereis awide arrayof (usually�are–related)burstswith distinctive morphologiesin the
frequency–timedomain.Theseburstshave to bebright in orderto bedetected,andtheirbehaviour is
quitedifferentfrom thesynchrotronemissionproducedby acceleratedelectronsathighermicrowave
frequencies.It is thereforebelievedthatmostof theseburstsaredueto coherentplasmaemission,or in
somecasesdueto coherentcyclotronmaserprocesses,with veryhighbrightnesstemperatures(Dulk
andWinglee,1987;Melrose,1999).Theonly trueimagingobservationsin thisrangearethoseat843
MHz from theMolonglo SynthesisTelescope(Grayet al., 1990),which is a one–dimensionalarray
that usedearth–rotationsynthesisto achieve imageswith a resolutionof 4300� 11000. The Nançay
RadioHeliograph(NRH) makesimagesat thelongerdecimetricwavelengths(frequencies327,410
and432MHz), andtheVeryLargeArray canmake high–resolutionimagesat327MHz.
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Basedon thecharacteristicpropertiesof thesolaratmosphere,at thesefrequencies(a plasmafre-
quency of 500MHz correspondsto anelectrondensityof 3 � 109 cm� 3) theradioemissionoriginates
above the denseloopslow in the solaratmospherethat arevisible in soft X–ray andEUV images.
Decimetricemissionilluminatesmagnetic�eld linesthatcanbedif�cult to seeatotherwavelengths,
andit requiresenergeticelectrons,sothemorphologyof theemissionis of interestbecauseit re�ects
thephysicallocationof theradiatingelectronsandmaythereforeprovidecluesto theirgenesis.Type–
III–lik e emissions,whichdrift rapidly from high to low frequencies,areexpectedto lie on open�eld
lines,while continuacon�ned to anarrower frequency rangeareexpectedto beonclosed�eld lines.

Determiningthemorphologyof solardecimetricradioemissionrequireshigh resolutionimaging
observations,which canbe achieved with the Giant Metre–wave RadioTelescope(GMRT) thanks
to thewide rangeof spatialscalesit samples.At 617MHz solarmapswith GMRT arelikely to be
quite different from both lower andhigher frequencies.This frequency is usuallyabove the range
of solarnoisestormswhich often dominatethe non-�aring Sunat, e.g.,327 MHz wherethe Very
LargeArray andtheNançay RadioHeliograph(NRH) canobserve, soquiet-Sunmapswill bemore
sensitive, while �ares areknown to exhibit a wide rangeof plasmaphenomenaat this frequency. It
is closeto the plasmafrequency at the level believed to separateopenandclosed�eld lines above
active regions,andthusweexpectto seethesourcesof energeticelectronswhichpropagatefrom this
frequency towardslower frequencieson open�eld lines.Observationsof a solar�are on Nov. 17,
2001,at1000MHz usingGMRT have beenpublishedby Subramanianetal. (2003)andKunduetal.
(2004),while Mercieret al. (2005)discussthecombinationof higher–resolutionGMRT visibilities
with shorter–spacingNRH data.In this paperwe reporton an event observed with GMRT at 617
MHz on 2002October6. We comparedecimetricimageswith microwave imagesof thesameevent
from the NobeyamaRadioheliograph(NoRH) that reveal the natureof activity much lower in the
corona.In this event theactivity at 617MHz precedesthemain impulsive �are phaseseenat other
wavelengths,but it is well resolved spatiallyby theGMRT observationsandthe imagesrevealvery
interestingpropertiesof thedecimetricemission.

2. Observations

2.1. CONTEXT

Figure1 shows theactive region andsurroundingsin a 195 	A FeXII EUV imagefrom theExtreme–
ultraviolet ImagingTelescope(EIT) on the SOHOsatelliteat 04:36UT, togetherwith longitudinal
magnetic�eld contoursshowing the locationof sunspotswithin theactive region.Theactive region
is dominatedby apositive–polarityleadingspot,but just to thewestof thisspotis anarcof magnetic
�eld of mixedpolarity. At the trailing endof theactive region is a negative–polarityspotandsome
brighterEUV emissionoverweaker �elds. A sequenceof magnetogramsfrom SOHO/MDIshowsthe
largespotto berotatingclockwisearoundthetime of theevent,andmagnetic�ux of bothpolarities
beingexpelledradially outwardsfrom the vicinity of this spot.The high–frequency radio emission
from thiseventinvolvesthelargestspotandthetrailing portionof theregion.However, thedecimetric
emissionalsoinvolves(in projection)theregion in thebottomleft quadrantof Fig. 1 whereneither
magnetic�eld nor pre–existing bright EUV loopsarepresent.Therewereno TransitionRegion And
CoronalExplorer(TRACE) or EIT imagesat EUV wavelengthsof the region during the �are, and
thehardX–raytelescopeReuvenRamatyHigh Energy SolarSpectroscopicImager(RHESSI)wasin
night.

Light curvesatselectedradiofrequenciesandin softX–raysareshown in Figure2. In softX–rays
thiswasquitea shorteventwith a rapiddecline(which is why therewasno signof �are loopsin the
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Figure 1. An EUV image(with reversedcolor table)of the active region in which the �are occurs.The imageis from
theExtreme-ultraviolet ImagingTelescopeon theSOHOsatellitein a passbanddominatedby theFeXII 195 	A line. The
contoursshow thelongitudinalmagnetic�eld datafrom theSOHO/MDI instrument(� 500Gauss).

subsequentEIT imageat05:12UT: seeFig. 7 below). A gradualrisebeginsat04:48UT, changingto
a rapidriseat 04:50UT andapeaknear04:52UT.

Theradiodatashown in Fig. 2 wereobtainedby thepatroltelescopesof theUSAir Force's Lear-
monthstation.We show the �ux at a frequency, 610MHz, that is at theedgeof GMRT's observing
frequency bandfrom 610 to 626 MHz, togetherwith the patrol dataat the adjacentfrequenciesof
410and1415MHz anda representative microwave frequency of 8.8 GHz. The striking featuresof
the 610 MHz burst are that it begins well beforeemissionat otherradio frequencies,the emission
is quitebright (theburstpeakis closeto the total quiet–Sun�ux of 58 sfu at this frequency, but yet
thedecimetricradioburst is barelyif at all visible on thedynamicspectrumacquiredby theHiraiso
RadioSpectrograph),andthereis no correspondingemissionat 410or 1415MHz, implying thatthe
decimetricburst is con�ned in frequency. The610MHz emission�uctuatesrapidly. Theemissionat
higherfrequenciesshows animpulsive spike closeto 04:50UT, followedby a moreextendedphase
from 04:52to 04:55UT. The sharprise in the impulsive spike appearsto coincidewith the change
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Figure 2. Lightcurvesof the�are at selectedradiofrequencies(upper4 panels,aslabelled;unitsaresolar�ux units)and
in soft X-rays (GOES1–8 	A channel,lower panel;unitsareWattsm� 2). Theradiodataarefrom thepatrol telescopesat
theLearmonthstationof theRadioSolarTelescopeNetwork operatedby theUSAir Force.
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in slopeof thesoft X–ray emission,andthe610MHz emissionessentiallyterminatesa few seconds
later.

2.2. M ICROWAVE IMAGING DATA

In the absenceof RHESSI,TRACE or EIT imagesof the �are, 17 and 34 GHz imagesfrom the
NobeyamaRadioHeliograph(NoRH)provideavaluablepictureof theassociatedenergeticphenom-
enain theloweratmosphere.Figure3 showsasampleof radioimagesoverlaidascontoursonawhite
light imageof the active region. The NoRH datawere processedwithin the AIPS packageusing
standardtechniquesat 1 s time resolutionanddeconvolved usingrestoringbeamsof 1200at 17 GHz
and1000at34 GHz.

The imagein the top left panelof Fig. 3 is a pre�are image.Black contoursshow the 17 GHz
emission,which is dominatedby a gyroresonancesourceover the largestsunspotwith a brightness
temperatureof 650000K. A coronalmagnetic�eld of order2000G (assumingthird–harmonicopac-
ity) is requiredto producethissource.Thecircularpolarizationimageat17GHzshowsthisspotto be
right circularly polarized,consistentwith theexpectedextraordinarymodeemissionin theoutward
magnetic�elds of thepositively–polarizedsunspotbeneathit; thedegreeof polarizationis 75%.

The remainingpre�are emissionat 17 GHz is weakly polarizedif at all andwe attribute it to
thermalbremsstrahlungfrom coronalplasma.In particular, the peakin the 17 GHz emissionat the
trailing endof the active region, marked by a black cross,is at the locationof the brightestemis-
sion in the EIT Fe XII imageshown in Fig. 1. The pre�are 34 GHz emission,which we expectto
be completelydominatedby thermalbremsstrahlung,alsoshows a peakat this locationand local
peaksat two other locationswherethe 17 GHz imagealsoshows local peaks,consistentwith the
bremsstrahlunginterpretation.

The �are emissionis shown in the remaining� ve panels:in eachcasewe have subtractedthe
pre�are imagebeforeplotting for clarity. Throughouttheeventtheradioemissionis localizedin two
distinct sources,oneessentiallycoincidentwith the gyroresonancesourcein the westandanother
6000away, adjacentto the pre�are thermalpeakin the trailing (eastern)part of the active region.
During theearlyrisephaseof theevent,at 04:49:35,thewesternsourceover thelargesunspotis the
brightersource,andit showscleardouble–structurealongthenorth–east/south–west axiswith thetwo
componentsseparatedby aboutabeamwidth (1200). For severalsecondsthemainsunspotcomponent
locationbrightenswithout muchchangeat the north–eastlocationbut thennew componentto the
north–east,clearlyseenin the04:49:35panel,is thestrongercomponentfor about5 seconds.At this
time theeasternsourceis barelyvisible.Thewesternsourcedominatesthe�ux duringtheimpulsive
spike at 04:50UT at both17 and34 GHz,althoughtheeasternsourcegrows in relative importance
duringthis period.By 04:52:03UT, thewesternsourcehaslargely decayedaway, particularlyat 34
GHz,with thelocationshiftingbacktowardstheoriginal locationof thegyroresonancesource,while
theeasternsourcehascontinuedto strengthen.During theextendedphasefrom 04:52to 04:55,the
westernsourcedoesnot show much brighteningat all, whereasthe easternsourcebecomeseven
brighter than it was during the main impulsive spike. It too appearsto be extendedin the north–
east/south–westdirectionduringthis time.

Thetwo �are sourceshaveoppositesensesof circularpolarizationat17GHz:thewesternsourceis
right–circularly–polarized(RCP),aswastheassociatedpre�aregyroresonancesource,andthedegree
of polarizationduringtheinitial impulsivespikeis of order70%.Theeasternsourceis left–circularly–
polarized(LCP), at about30%during the initial impulsive spike andthencloserto 15%during the
extendedphase.NoRHlight curvesfor thetwo distinctsourcesareshown in Figure4. Thecurvesare
obtainedby summingall the�ux in disjoint boxesthatcontainthetwo sources.The�gure con�rms
theimpressiongivenin theimagesof Fig. 3: thewesternsourcedominatestheinitial impulsive spike
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Figure3. Imagesof themicrowave radioemissionfrom the�are at 17GHz (blackcontours)and34GHz(white contours)
from theNobeyamaRadioHeliograph,overlaidonawhite–lightimageof theactiveregionfrom theSOHO/MDItelescope.
The image at top left shows pre�are emission.The 17 GHz pre�are image is dominatedby a gyroresonancesource
over the leadingsunspotin the active region; it is right circularly polarized,consistentwith the positive polarity of the
underlayingspot,andhasabrightnesstemperatureof 650000K. Thelowest17GHzcontouris at5000K andcontoursare
logarithmicallyspaced,two contoursbeingan increaseby a factore. Thepeakpre�are brightnesstemperatureat 34 GHz
is 30000K and34 GHz pre�are contoursstartat 5000K. In subsequentpanelsthepre�are imageshave beensubtracted
from the�are imagesbeforeplotting,andthelowestcontouris at40000K for 17GHzand20000K for 34GHz,exceptfor
17 GHz at 04:50:03whenthebottomcontouris 25000K to emphasizetheextensionof thewesternsourceto theeast.As
referencepoints,the locationof thepre�are 17 GHz gyroresonancepeakis markedby a white crossin all panels,andthe
locationof the17/34GHz pre�are peakat theeasternendof theactive region is markedby a blackcross.Theresolutionis
1200at 17GHz and1000at 34GHz.
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Figure 4. A comparisonof theradio light curvesfor theeastern(lower panel)andwestern(upperpanel)microwave �are
sources.In eachcasethesolid line is the17GHz total intensity, thedottedline is the17GHz circularlypolarizedintensity
(StokesV) andthedashedline is the34GHztotal intensity. Thetimeresolutionis1 second.Thewesternsourceis positively
circularly polarizedandtheeasternsourceis negatively polarized,bothcorrespondingto x modepolarizationwith respect
to theunderlyingphotosphericmagnetic�eld.

but is notbrightduringthesubsequentextendedphasewhentheeasternsourceprovidesnearlyall of
theemission.An interestingresultthat is not immediatelyapparentfrom the contourimagesis the
differencein the spectraof the two sources:the westernsourcehasa typical nonthermalspectrum
with the 17 GHz �ux greatlyexceedingthe 34 GHz �ux, whereasin the easternsourcethe 17 and
34 GHz �ux es are comparable.The spectrumof the easternsourceis apparently�at from 17 to
34 GHz both in the initial spike andin the extendedphase.Normally we would interpretthis asa
signof optically thin thermalbremsstrahlung,but thespiky natureof thetime pro�le andits lack of
resemblanceto theGOESsoft X–ray light curve argueagainstsuchaninterpretationandwe believe
it to benonthermalemissionwith eitherananomalously�at spectrum,or apeakedspectrumwith the
peaklying convenientlybetween17and34 GHz.

Thedominanceof theradioemissionby two oppositely–polarizedcompactsourcessuggeststhat
they arefootpointsatoppositeendsof a loopsystem.Wehave lookedfor radioemissionin theregion
betweenthetwo brightsourcesthatmight,e.g.,indicateamagneticconnectionbetweenthem,ashas
beenseenin otherevents(e.g.,Grechnev et al., 2003).Thereis no signof sucha connectionduring
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Figure5. A comparisonof theradiolight curvesfor theeastern(dashedline) andwestern(solidhistogram)microwave�are
sources.In theupperpanelthe17 GHz �ux esarecompared,with theeasternsource�ux multiplied by 3 for comparison.
In the lower panelthe34 GHz �ux esareplotted.Thetime resolutionof themapsusedto derive these�ux esis 0.1 s, but
the34GHz �ux eshave beensubjectedto a 3–pointsmoothingto reducethenoiselevel.

therising phaseof the impulsive spike, down to quite low levelsof emission.Theonly periodwhen
suchemissionfrom a possibleloop connectionis visible in the radio imagesis from 04:49:45to
04:50:10,whena �nger of emissionclearlyextendseastwardsfrom thewesternsourcetowardsthe
easternsource(seethepanelat04:50:03in Fig.3). After thistimehowever thewesternsourcedecays
rapidly. Thereis noobviousfeatureat this loop positionin thepre�are image.

Another test for a magneticconnectionbetweenthe two sourceslies in similarity of the time
pro�les, on theassumptionthatthesamenonthermalelectronspropagatebackandforth alongmag-
netic �eld lines connectingthe footpoints.We have alreadyseenthat both sourcesemit during the
initial impulsive spike, but not during theextendedphase.In othereventsit hasbeenarguedthat a
connectionbetweentwo well–separatedsourcescanexist earlyin theeventbut is disruptedduringthe
impulsivephaseandnotapparentlaterin theevent(Kunduetal.,2001).To investigatethis furtherwe
plot in Figure5 thelight curvesof thetwo sourcesduringtheinitial impulsivespikeusingmapsmade
with eventdataevery0.1s.Thiscomparisonshows thatthevariationsin thetwo sourcesappearto be
well correlatedfrom thepeakonwards,but theemissionbegins in thewesternsourcewell beforeit
is seenin theeasternsource,andtheindividual peaksareatslightly differenttimes.No simpledelay

gmrt_oct06.tex; 26/01/2006; 15:51; p.8



Morphologyof FlareDecimetricEmission 9

improves the correlationof the light curves.At both 17 and34 GHz, the time of peak�ux in the
easternsourceis about1.0 � 0.2secondslater thanthetime of peak�ux in thewesternsource.For
comparison,a 100keV electrontakesabout0.3secondsto propagatefrom thewesternsourceto the
easternsource,andtheline of sight light–travel–timedifferencebetweentheprojectedphotospheric
locationsof thetwo sources(� 5000) is about0.1seconds.

2.3. GMRT OBSERVATIONS AT 617 MHZ

TheGMRT is locatedabout80km northof thecity of Punein Maharashtra,India.It consistsof thirty
45m–diameterantennasspreadover 25 km. Half of theseare in a compact,randomlydistributed
arrayof about1 km. Theshortestbaselineis 100mandthelongestis 26km. Furtherdetailsaboutthe
GMRT canbefoundon thewebpagehttp://www.gmrt.ncr a.t ifr .r es. in .

Solar observations with GMRT are describedby Subramanianet al. (2003) and Kundu et al.
(2004).For this observation a time resolutionof 2.11 s wasused.The dataconsistof 32 channels
coveringa 16 MHz bandwidthfrom 610to 626MHz. Datawerecalibratedusingthesource3C283
(13 Jy) andconvertedto continuumvisibilities with a nominalcenterfrequency of 617.5MHz. The
outermost11 antennaswerenot usedfor mappingsinceno �ux waspresenton baselineswith these
antennas.Mapping was carriedout with the remaining16 good antennas,providing a beamsize
of order 3000. At this frequency GMRT datado not containsuf�ciently short baselinesto image
the solardisk, so the imagesareonly sensitive to smallerstructures.Solarattenuatorsareusedfor
GMRT observationsandtheir effect on the amplitudesis not well understood:nominally they are
30 dB attenuators.Fortunately, for this eventwe cancomparethe GMRT 617 MHz �ux eswith the
RSTNLearmonth610MHz �ux es.The two datasetsshow identicaltime structure,andwe infer a
scalingfactorof order2500to correctthe raw GMRT datato the RSTN �ux levels.An additional
calibrationwasappliedto theburstdatabasedon a self–calibrationsolutionderivedfrom dataat the
peakof the617MHz burst.Thesignal–to–noiseachievedat thepeakwasalmost500,with thenoise
level in the imagesbeingof order3 � 105 K during low–�ux periods.Both right andleft circular
polarizationsareobservedby GMRT. Accordingto simpletheory, emissioncloseto thefundamental
of theplasmafrequency fp = 9000

p
ne dueto conversionof electrostaticLangmuirwaves,which is

commonat decimetricwavelengths,shouldbe highly polarizedin the senseof the ordinarymode
becausethe extraordinarymodecannotpropagateat frequenciesbelow a cutoff at � f p + fB=2,
where fB = 2:8 � 106 Bgaussis the electrongyrofrequency. On the otherhand,plasmaemissionat
a frequency 2fp dueto coalescenceof two Langmuirwavesis generallyweaklypolarizedfor typical
valuesof the coronalmagnetic�eld strengthin plasmaemissionsources(Zlotnik, 1981;Melrose
etal., 1980).

GMRT imagesat selectedtimesareshown in Figure6. Thetop setof panelsshows thepre–burst
emissionmorphologyin right (upperpanels)andleft (lower panels)circularpolarizations.TheRCP
sourcehasthe appearanceof a curved loop–shapedfeaturestraddlingthe largestspot in the active
region.However, theexpectedheightof the617MHz emissioncombinedwith theeasternlocationof
theactive region producesconsiderableoffsetsdueto projectionof the617MHz emissiononto the
solarsurface.Thepre�are RCPsourceis closeto 100%circularlypolarized,andhenceis unlikely to
bedueto thermalemission.Sucha high degreeof polarizationis consistentwith plasmaemissionat
thefundamentalof fp. Thepre�are sourceis actuallyquitestablethroughtheentireevent.Thepeak
brightnesstemperaturein this loop is 2 � 107 K (an orderof magnitudebrighter thanthe peakin
thepre�are LCP images).If weassume,basedon thehighpolarization,thatit is fundamentalplasma
emissionthentheelectrondensityin thesourceis 5 � 109 cm� 3. This is anactive regiondensityand
couldarisein a low–lying loop,meaningtherewould belittle shift dueto projection.Notehowever
that the EIT image(Fig. 1) doesnot show any loopscorrespondingto the 617 MHz RCPpre�are
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Figure 6. Contoursof a sequenceof 617MHz GMRT imagesoverlaidon anMDI magnetogram.The imagesareshown
in pairs with the upper image displaying right circular polarization(RCP) and the lower imageshowing left circular
polarization(LCP) at eight different times,as labelled,to demonstratethe different locationsof the 617 MHz emission.
The lowest617MHz contouris at 1.5 � 106 K andcontoursarelogarithmicallyspaced:every 4 contoursis anorderof
magnitudeincreasein brightnesstemperature.Thetop row of �gures correspondsto a pre–�are period.The loop–shaped
featurevisible in theRCPimageover theactive region hasno counterpartin LCP, wheretheonly steadyfeatureis a much
weaker compactsourceover the trailing negative polarity in theactive region. The radioburstsall occurprojectedto the
eastof theactive region in structureselongatednorth–southbut with differentlocationsat differenttimes.

source.Thereis a very compactpersistentsourceshown by thesinglecontourin the617MHz LCP
pre�are image,but it is muchweaker thantheRCPsource.

Thelight curve of theGMRT 617MHz emissionis compareddirectlywith theNoRHmicrowave
datain Figure7. This �gure alsocomparesthemorphologyof the617MHz emissionwith the195 	A
FeXII EUV imagesfrom EIT. As notedearlier, theEIT coveragewasunfortunatefor thisevent,with
theclosestimagesbeing12 minutesbeforeand24 minutesafter thestartof the617MHz emission.
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Figure7. Theupperpanelshowsacomparisonof theradiolight curvesat0.617(dash–dot),17(solid)and34GHz(dashed
line). The microwave �ux es are taken from the NoRH mapswhile the 0.617GHz dataare obtainedfrom the GMRT
maps.Note that the initial burst at 0.617GHz precedesmicrowave activity andin fact diesaway promptly on the onset
of microwave emission.The vertical lines on the plot show the timesof the imagesshown in the lower panels.In these
panelscontoursof the617MHz RCPemissionareshown in white andcontoursof 17 GHz emissionareshown in black.
Contourlevelsareat 5, 20,50 and90%of themaximumof eachimageplotted.TheunderlyinggreyscaleimagesareEIT
195 	A images:in the�rst panelat 04:47:30it is theactualpost�are imageat 05:12:42,while in subsequentpanelsit is the
differencebetweentheimageat 05:12:42andthepre�are imageat 04:36:10.
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TheEIT differenceimagedoessuggestthepresenceof a �are loop connectingthetwo 17 GHz �are
sources.The 617 MHz radio burst effectively begins just before04:48UT (seethe corresponding
rows of panelsin Fig. 6). Rapidly �uctuating emissioncontinuesfor two minutes,followed by two
minutes(04:50– 04:52)with little activity at617MHz (theimageslook like thepre�are images:e.g.,
seethepanelsfor 04:52:04in Fig.6), andthenthereareadditionalburstscoincidingwith peaksin the
bright extendedmicrowave phasefrom 04:52:30to 04:54:45.In contrastto thepre�are sources,all
the617MHz �are emissionis unpolarized(lessthan5%, hencebelow thecalibrationuncertainty).
Differentburst peakshave quite different locations,but all ariseprojectedto the south–eastof the
active region containingthe �are, anddespitetheir differentlocations,all theburstsshow a similar
morphology:they areelongatednorth–southandcurved to resemblethe topsof loopsrootedin the
active region andprojectedvertically above it. This commonshapecannotbeanartefactof thedata
processingsincethepre�are RCPsourcehasquitea differentshapethat is preservedthroughoutthe
event; similarly, the varying locationof the burst emissioncannotbe an artefact becausethe stable
pre�areRCPsourceis visibleat its original locationthroughouttheburst.Individualpeakswithin the
617MHz burstwith differentlocationsseemto grow anddecayin placeasif they belongto separate
energy releasesondifferentmagnetic�eld line bundles.

We notedearlierthatthereis no burstclassi�cationfor thepre�are 617MHz emissionbecauseit
doesnot show up on a dynamicspectrum.Benzet al. (2005)presentstatisticsfor decimetricradio
burstsassociatedwith �ares and�nd thatonly two typesof burstarecommonlyfoundin thepre�are
phase:Type III burstsandpulsations(seealsoBenzet al., 1983).They alsonote that the pre�are
TypeIII burststypically do notextenddown to lower meter–wavelengthfrequencies,i.e. they have a
restrictedfrequency range,asis truebothof typical decimetricpulsationsandof thisevent.Thusthe
pre�are emissionseenherecouldin principlebeeitherTypeIII burstsor pulsations.

Inspectionof thevisibilities con�rms thattheburstsourcesarewell resolvedat the3000resolution
of the data.The imageat 04:48:31correspondsto the peakbrightnessand size for the 617 MHz
emission:the peakbrightnesstemperatureis just over 4 � 108 K andthe length is approximately
20000 or 140000km. If we assumesecond–harmonicplasmaemission,consistentwith the low po-
larization,thenthe electrondensityin the radiosourceis 1 � 109 cm� 3. Note that thereis no sign
of correspondingloopsin theEIT imagesof theregion (Fig. 1), andno obviousmagneticfeaturesin
themagnetogramto thesouth–eastof theactive region thatshouldbeconnectedto it by suchloops,
arguingthat the loopsilluminatedby theGMRT emissionareindeedtall loopswith bothfootpoints
anchoredcloseto the active region that appearlocatedto the south–eastdueto projectioneffects.
Theinferredheightof the loop illuminatedat 04:48:31if it lies vertically above theactive region at
30� east,appearingabout18000eastof theactive region, is 250000km. Thedensityof 109 cm� 3 is
ratherlargefor sucha height:in thedensitymodelof AschwandenandBenz(1995)(basedon Type
III bursts),thisdensityoccursataheightof order40000km.

3. Discussion

Thegoalof this paperis to determinethemorphologyof emissionat decimetricwavelengthsduring
a solar�are, andto usethatmorphologyto placeconstraintson thecoronalmagnetic�eld topology
during the event. This event is not typical of decimetricemissionfrom a solar �are in that, while
it is not uncommonfor decimetricemissionto occurprior to the impulsive phaseof �ares (Benz
etal.,2005),it is notusualfor thedecimetricemissionto peakwell beforetheimpulsive phasestarts.
Notwithstandingthis feature,theobservationsreveala remarkablepattern.

The decimetricimagesat 617 MHz from GMRT show an interestingdistinctive morphology:
sourcesareseenin projectionsome120000km from the�aring activeregion,consistentwith aheight
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of order250000km above thesolarsurfaceif they areloopsrootedin andradially extendedabove
the active region. The sourcesappearhighly elongatednorth–southandarecurved in the direction
expectedif they arelocatedat the topsof loopsradially extendedabove theactive region, but with
footpointsalonga north–southaxis ratherthanthe east–westaxis suggestedby the distribution of
magneticpolarity in theactive region at thephotosphere.However, while maintainingthis morphol-
ogy, thesourcelocationsaredistinctlydifferentduringdifferentpeakswithin the617MHz light curve,
asif differentloopswereconnectedto theaccelerationsiteatdifferenttimes.NostrongTypeIII bursts
areevidentin thedynamicspectrumof thisevent,andthelackof emissionat lower frequencies,such
aswe would expectto seefrom electronbeamson open�eld lines,maybeconsistentwith anorigin
onclosed�eld linesasthis interpretationsuggests,possiblypulsationsasdiscussedearlier.

Theability to discernsourceshiftsassmallasafew tensof arcsecondsbetweenadjacentdecimet-
ric burstpeaksrelieson theexcellentspatialresolutionof theGMRT data.Subarcminuteresolution
atsimilar frequencieshasbeenpossiblewith theVLA in extendedcon�gurationsat330MHz (corre-
spondingto a plasmadensity4 timessmallerthanat 617MHz if plasmaemissionis theresponsible
emissionmechanismasgenerallyassumed),andat the muchhigher frequency of 1.4 GHz (corre-
spondingto 5 timeslargerdensity).TheNançay RadioHeliographcanachieve a resolutionof order
10at 410and432MHz (e.g.,Vilmer et al., 2002,Pick et al., 2005)andhasseensourceshiftswithin
�are radioemission,but they tendto beon muchlargerscales(e.g.,Maia et al., 2001).Most of the
observationsat decimetricfrequenciesshow very largeburstsources,at leastpartlydueto scattering
in thesolaratmosphere(Bastian,1994);frequently, a pre–existing noisestormsourceis seento be
leading(westof) thephotosphericactive regionandalarge(typically 20or more)�are sourceappears
trailing the active region (e.g.,Willson, 2002,Willson, 2005),as is the casein this event. Willson
et al. (1998b)observed anarch–shapedsourcejust above the limb at 75 MHz usingtheVLA, but it
wasnot associatedwith a �are, andit lastedfor several hours.Arc–like sourceshave beenseenin
noisestormsat330MHz (e.g.,Willson etal.,1997),but they tooarelong–lastingsourcesthatarenot
clearly�are–associated.Somehighly elongatedsourceshavebeenseenator above thelimb, with the
long dimensionof the radio sourcefrequentlyorientedapproximatelyparallel to the limb (Willson
etal., 1990;Willson etal., 1992;Willson etal., 1998a).

Theapparentlocationof the radioburst sourcesin this event at the top of closedmagnetic�eld
lines, indicatedby the shapesof the sources,alsosuggeststhat the radiatingelectronsarecon�ned
to the loop tops.A naturalexplanationfor this observation would be that the electronshave large
pitch anglesand resideon magnetic�eld lines with a gradientin �eld strengthfrom loop top to
footpoints,so that magneticmirroring trapsthe electronsnearthe loop tops.Suchelectronswould
have a “pancake” pitch angledistribution, peaked at 90� , similar to thosecommonlyseennearthe
geomagneticequatorin the Earth's radiationbelts (e.g.,Meredithet al., 1999,HorneandThorne,
2000).Suchpitch angledistributions can ariseeither by the loss of all particlesat smallerpitch
angles,asoccursvia precipitationinto thesolarchromospherein solar�ares, or by aninstability that
driveselectronsto largerpitch angles.In this eventwe seeno signof electronsat lower pitch angles
that would be expectedto produceX–raysandmicrowave emissionasthey precipitate.A velocity
distribution concentratedat pitchanglesnear90� doesnot by itself guaranteecoherentemission:the
electroncyclotronmaserinstability only operatesif thereis alsoa region of positive gradientin the
magnitudeof velocity, andsimilarly Langmuirwavesareonly likely to begeneratedunderthesame
conditions(a “gap” velocity distribution with a large losscone:seeHewitt andMelrose,1985and
Wentzel,1985).Thelow polarizationof the617MHz burstemissionis alsoastrongconstrainton the
emissionmechanism:agapvelocitydistribution with a largelossconecanproduceweaklypolarized
second–harmonicplasmaemission(Hewitt andMelrose,1985),but fundamentalplasmaemissioncan
alsobeweaklypolarizedif depolarizationtakesplaceduringpropagationoutof thecorona,e.g.,due
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to scatteringoff low–frequency waves(Wentzeletal.,1986)or re�ection off sharpdensityboundaries
(Melrose,2005).

The microwave datafrom NoRH reveal activity lower in the solar coronaand show emission
spreadoverasurfacedimensionof order50000km, with acomplex spatialpattern:activity beginsin
awesternsourcethatbecomesa doublesourceearlyin theeventandremainsspatiallyextended,but
laterin theeventaneasternsource,alsospatiallyextended,comesto dominate.Thereis evidencefor
a connectionbetweenthe two sourcesonly duringa brief periodin thedecayof thewesternsource
at theendof the initial impulsive spike. The light curvesof theeasternandwesternsourcesappear
quitesimilarduringthis initial impulsivespike,but thetimesof theindividualpeaksin thelight curve
do not matchandno simpledelaybetweenthemimprovestheir correlation,sowe cannotinfer that
a singleacceleratorsupplieselectronsto bothsourcesevenduringthis period.At othertimesduring
the event the light curvesof the easternandwesternsourcesarevery different,implying that their
activity is notdirectly related.

The main activity at 617 MHz precedesthat at microwave frequenciesby about2 minutes:i.e.,
thereis evidencethatenergy releaseis takingplaceatheightsof order105 kmfor 2minutesbeforeany
evidenceis seenin thelowercorona.Thissuggestsamodelin whichthesolar�are activity in thelow
coronais a responseto magneticrestructuringmuchhigherin thecorona.Suchamodelis suggestive
of eruptive �are theoriessuchasthebreakout model(Antiochoset al., 1999;Aulanieret al., 2000;
SterlingandMoore,2001)for �lament eruptions,in which the�lament liesover aneutralline andis
helddown by closedmagnetic�eld linesthatloopover thetopof the�lament. Reconnectionbetween
theoverlyingclosed�eld linesandthemagnetic�eld of anadjacent�ux systemgraduallyerodeaway
thetethering�eld linesuntil enoughof therestraining�ux iseatenawayfor the�lament toeruptunder
its buoyancy, or underthedriving forceprovidedby, e.g.,emerging �ux. Thusin thebreakout model
activity startshigherin thecoronawheretherestraining�eld linesadjoinaneighbouring�ux system.
However, no coronalmassejectionwasdetectedin conjunctionwith this �are, so the restructuring
in this casedid not leadto aneruption.In othermodelssuchasthe tether–cuttingmodel(Sturrock,
1989; Moore et al., 1997; Moore et al., 2001),activity startslow down and then moves upwards
with the�lament: the�lament lies in a region of stronglysheared�elds, andoncetheshearexceeds
a certainvaluethe �lament hasto erupt to relieve the shearstress,forcing its way out throughthe
overlaying�elds, disruptingthemasit goes.The“CSHKP” model(Carmichael,1964;Sturrock,1968;
Hirayama,1974;KoppandPneuman,1976)is alsoaneruptive modelin which reconnectionoccurs
at a considerableheightin a Y–typeneutralcurrentsheet,andenergy thenpropagatesdownwardsin
theform of energeticparticles,but in this modelwe expectanobvious �are loop systemformedby
the reconnectionto be evident andno suchloopsareseenin this event; further, reconnectingopen
�eld lines areintrinsic to this model,whereasthis event wasapparentlydominatedby closed�eld
lines.This is thecharacteristicof con�ned �ares describedby Mooreet al. (2001),wherethe�are is
startedby reconnectionlow in theshearedcore�eld, but theresultingexpansionof thecore�eld is
haltedwithin thedomainof theoverlyingbipole�eld. However thismodelcannotapplyto ourevent
sinceactivity startshigh in thecorona,not low down.

4. Summary and Conclusions

GMRT observationsof a con�ned solar �are at 617 MHz show a remarkablemorphologyfor two
minutesprecedingthe impulsive phaseof the �are. Microwave imagesat 17 and34 GHz show �are
emissionwith thenot uncommonpatternof two oppositelycircularly–polarizedsourcesat opposite
endsof an active region, 40000km apart.The two sourceshave differing radio spectra,and light
curvesthataresimilar in theinitial impulsive spike but differ asthe�are evolves.
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However, theGMRT imagesrevealaverydifferentmorphology:they appearto show asuccession
of high loopslighting up,apparentlyin arc–shapedfeaturescloseto thetopsof theloops.Theloops
lie radially above the active region in which the impulsive phaseof the �are subsequentlyoccurs,
at a heightof order250000km. They seemto connecttheactive region to a locationof very weak
�eld about200000km away, which shows no signsof activity at otherwavelengths.Thedecimetric
emissionis very bursty, and discreteburstsappearwith the samemorphologybut projectedonto
differentspatiallocations,asif energy releasesoccursequentiallyon differentbundlesof �eld lines.
The morphologysuggests,but doesnot prove, emissionfrom electronswith a “pancake” velocity
distribution, i.e.,electronswith pitchanglesnear90� con�ned to thetopsof magneticloops.

In this �are, thefactthatthe617MHz activity athighaltitudesprecedestheimpulsivephaseof the
�are indicatesa mechanismin which therestructuringin thehigh coronaleadsto the�are occurring
in thelower corona.This featurein conjunctionwith thefact thatthe �are appearsto becon�ned to
closed�eld linesis not consistentwith most�are models.
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