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ABSTRACT

TheFrequeng Agile SolarRadiotelescop@ASR) will obserethe Sunoverawiderangeof radiofrequencieandmake
high spatialresolutionimagesat mary frequenciesiearlysimultaneouslyFASR will needto be ableto obsere boththe
very bright, usually compactemissionfrom solarflaresaswell as muchfainterfluctuationsin the solarchromosphere
acrossa broadrangeof spatialscales(from 1 arcseco 1 degree)at high time resolution,andtheseconstraintdmpose
se/ererequirement®n telescopalesign. We discussthe problemof imagingthe Sunat radio wavelengthsand present
simulationsof imagingthe thermalfree-freeemissionfrom the Sun’s atmospher@isingmodelsbasedn EUV data.

Keywords: Radiotelescopes$olarradioastronomy

1. INTRODUCTION

The FrequencyAgile Solar Radiotelescop@ASR) will bea solardedicatedadiointerferometricarraythatwill be opti-
mizedto carryoutimagingspectroscopof the Sun,i.e.,to producehigh-quality high spatialresolutionmagesof the Sun
simultaneoushat a wide rangeof frequencies FASR will performcoronalmagnetographydetectandmapnonthermal
populationsof electronsrom the ground,andidentify andtrack driversof spacewveather FASR hasbeenhighlightedby
anumberof NRC panelsasanimportantresourceor solarphysicsat the next solarmaximum,anddetailedplanningfor
theprojecthascommenced.

An importantaspecof FASR s thatit will not only, or evenprimarily, sene the solarradio astronomycommunity:
it will sene alargeuserbasecomprisingsolar, solarterrestrial,andspacephysicists.All FASR datawill be madefreely
available. Insteadof placingthe burdenof datacalibrationand reductionon the user FASR dataprocessingwill be
pipelinedandthe datawill be madeavailableasfully calibrated optimally-decorolvedmaps.FASR will “mainstream”
the useof solarradio obsenationsby the wider community muchasthe Solarand HeliosphericObsenatory (SOHO)
andthe TransitionRegion and CoronalExplorer (TRACE) satelliteshave mainstreamedhe useof solarEUV data,and
the Yohkoh satellitehasmainstreamethe useof solarsoft andhardX-ray imagingdata. FASR will carryoutdualroles,
servingboth as a basicresearchinstrumentand as a sourceof basic synopticdatathat can be usedto forecastsolar
conditionsandspaceveatherandgeophysicatlisturbancesHenceFASR will provide adirectsocietalbenefit.

A greatdealof work hasbeendoneover severaldecadeso characterizandunderstandolarradioemissiorprocesses
andphenomena.The scienceto be donewith FASR hasbeenextrapolatedfrom this experience but FASR is suchan
adwanceover currentinstrumentation(in frequeny coverage,imagequality, spatialresolution,and sensitvity), thata
true understandingf what it is capableof requirescomple, three-dimensionasourcemodel simulations. Theseare
importantfor refiningsuchthingsasthearrayconfigurationantennanumberandantennaize.But they arealsoacritical
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meango understanabservingstratejies, calibrationstrat@ies,andimageprocessinglgorithmsthatwill be necessary
to maximizethe usefulnessand sciencereturnof the instrument. The modelswill be constructedby assemblingspace
andground-baseéhformationnecessaryo createoneor morerealisticthree-dimensionactive region andcoronalmass
ejection(CME) modelswith therequisitespatialresolution( 1 arcsecndwith appropriatecompleity totesttheideaswe
have for measuringhysicalparametersf the solaratmospheravith FASR. Theradioemissiorfrom the 3-D modelswill
be calculatedat a rangeof frequenciesyiewed from differentdirections,sampledwith the expectedarrayconfiguration,
andthe resultingimagecubes(in dual polarization)will beinvertedandcomparedo the modelto assesshe precision
of extractingthe physicalparametersA flaring loop modelwill alsobe generatedwith realisticdistribution of particles
andpossiblyalsotheappropriatdime-dependertehaior. Thesemodelswill guidetheobservinggcalibration,andimage
processingtratgjiesto beusedby FASR. In this paperwe presensomeearly stepsto this goal,usingEUV imagesfrom
the Extreme-ultraiolet ImagingTelescop€EIT) on SOHOto generatea quiet-Surmodelradiatingby free-freeemission
alone,processinghis througha modelarrayand comparingwith actualimages. The next sectionfirst providesa brief
overview of the FASR project.

2. FASR OVERVIEW

The specificationdor the Frequeng Agile SolarRadiotelescopesdrivenby sciencerequirementsareshavn in Table
1. While the specificationin eachcategory (frequeng range,frequeng resolution,time resolution,angularresolution,
field of view) mayseenrelatively modestjt is the combinationof characteristicthatmakesFASR suchanadvanceover
existinginstruments. The maincharacteristicthattheinstrumenimusthave are:

e ExcellentSnapshotmaging: The Sunmustbe imagedwith high dynamicrange,fidelity, andangularresolution,
with goodsensitvity to bothcompactndextendedsource®f emissionjnstantaneouslyA dynamicrangez 1000:
1 andanangularresolutionof ~ 1" atafrequeng of 20 GHz areconsideredeasonablgoals.

e Broadbandspectpbscopy:Spectralcoverageover a frequeng rangeof 0.1-20GHz is requiredto cover the scien-
tifically relevantrangeof heightsand phenomenaf the solaratmosphere Continuousfrequeny coverageover
thisrangeis neededo obtainhigh-resolutiorspectraldiagnostics Coverageup to 30 GHz is desirablefor particle
acceleratioriagnostics.

e Polarimetry: Dual polarizationobsenationsarerequiredfor coronalmagnetographand particle acceleratiordi-
agnostics.The correlationsgrequiredto form all four Stokesparametersaredesirable but not necessarilyover the
entirefrequeny rangeor atall times.

e High timeresolution: Spectramustbe acquiredat a ratesufficient to follow spectralariationsduring solarflares.
At centimetemwavelengthsa full spectrum(2-20GHz) mustbeobtainedn < 1 sec.At decimetewavelengthsthe
requirements moredemanding: < 0.1 secon aroutinebasis,with evenhigherratesover restrictedbandwidthsas
required.

e Largefield of view: Imagingoverthefull solardisk(%o) or largeris desiredoverasignificantportionof thespectral
rangeof theinstrumentfor mappingcoronalmassejectionsandmaximizingthe sciencereturn.

¢ Absolutepositionalaccuracy: FASR shouldmatchspaceandoptical ground-basethstrumentresolutionsof order
1 arcsecQuantitatve cross-comparisons FASR obsenationswith thosein otherwavelengthregimeswill require
preciseknowledgeof absolutesourcepositions.

e Easyaccesdy the scientificcommunity:As anoperationatequirementthe instrumentmustnot placethe burden
of datareductionon the user Most of the calibrationand datareductionshouldbe performedon-sitewith a data
pipeline,andawide variety of dataproductsshouldbe madeavailablefor immediateuse.

Although FASR was conceved entirely separatelyfrom otherradiotelescop@rojectsnow being consideredit has
obvious similarities to the Allen TelescopeArray (ATA) andto the Low Frequeng Array (LOFAR). LOFAR canbe
consideredcomplementaryo FASR, in thatits frequeng rangewill extendbelonv FASR’s frequeng range.LOFAR wiill
carryoutinterestingandimportantsolarandheliosphericsciencehatis complementaryo thekey scienceof FASR2 The



Table 1. FASR Specifications

Numberof antennas ~ 100 Frequenyg range 0.1-30GHz (core:0.5-18GHz)
Numberof baselines ~ 5000 Frequenyg resolution ~ 1%,2-30GHz

Antennasize D=2-6m ~0.1%,0.1-2GHz
Angularresolution  ~ (20/vg) arcsec Time resolution < 0.1sec,2-30GHz

Field of view ~ 1030/ (vgD) arcmin < 0.01sec,0.1-2GHz
Polarization Full NumberlFs pairs 4-8

ATA hasasimilarfrequeng rangeof 0.5-11.5GHz,andwill employ severalhundredantennaso obtainexcellentsnapshot
imagequality. FASR sharesmary of the key technologychallengef ATA. ATA differsfrom FASR in having shorter
baselinesa smallerfrequeng range,andwealer pointing constraintshut more seserespectralprocessingequirements
andmary moreantennas.

3. RADIO IMA GING OF THE SUN

The imaging processhasalways beena drawback for radio astronomyin the sensethat, unlike corventionaloptical

telescopednterferometerslo notimagedirectly: to exploit thefull power of aninterferometeioneusuallyhasto invert
the measuredsisibilities, remove bad data, and decowolve for the point responseof the telescopeand the practical
difficulties that attendthesestepshave led to the term “black belt radio astronomer”,a term that may be viewed as
an honorific amongstradio astronomersut one that is off-putting to the casualuserfrom other wavelengthranges.
Considerablesffort will be put into avoiding this perceptionfor FASR data,in orderthatthey shouldbe accessibldo

aswide a communityas possible. To this end, we anticipatethat mostuserswill only ever dealwith fully calibrated
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Figure 1. Full disk radioimagesof the Sunat (left) 1.4 GHz and(right) 4.6 GHz madewith theVery LargeArray in “D” configuration
on 1999April 11. In this configurationthefull disk fits into the primarybeamof the VLA antennast 1.4 GHz, but the visibilities do
not adequatelysamplethe full disk spatialscalessoa diskis suppliedasa default modelin decowolution. Therestoringbeamsize
at 1.4 GHzis 40". At 4.6 GHz the primary beamis just 10": the imageshavn hereis madeby mosaickingtechniquesn which 26
differentfieldsacrosshe Sunareobseredanddecowolvedwith a disk suppliedasthe default model. Therestoringbeamsizeis 12”.

Thegreyscaleis alogarithmicrepresentationf theintensityfrom 4000K to 1.9 x 1f K at1.4 GHz andfrom 4000K to 9 x 10° K at
4.6GHz.



anddecowolved FASR images;the unit mostusefulto usersis probablythat of brightnesgemperaturesinceit actually
representshelocal temperaturén ary optically thick radiosource.

The needto supply processedmageson demandimposesa burdenon the pipeline processingasksusedfor the
purpose Herewe cantake advantageof thefactthatwe know alot aboutthe appearancef the Sunatradiowavelengths,
andcanmake useof this knowledgeto simplify theimagingprocess.Oneimportantfeatureis thatthe sizeof the radio
sources well understoodandexceptatlow frequenciesve needonly imageto aradiusof about2400' to covervirtually
all solarphenomendhat FASR will be ableto detect. However, the factthatthe Sun’s radio emissionfills suchalarge
areaonthesky posesa problemfor algorithmssuchasCLEAN, whichis really bestsuitedto decotvolving bright sources
thathave emissionin a small numberof pixels. Over mostof its frequeny rangeFASR will have the entiresolardisk
within its field of view (FWHM of a dish of diameterD m at frequeny f GHz is 1030/Df), but it will not samplethe
very large spatialscalesneededo reconstructompletelythe solarbrightnessat all frequenciesThe minimum projected
spacingd betweenantennasletermineghe longestfringe spacing(the separatiorof peaksin the Fourier patternon the
sky) in the data,being1030/d f, with d in metersand f in GHz: this needsto be at least100 to fit the solardisk into
a Fourierlobe,andhenceat e.g.,10 GHz, onerequiresa minimum spacingof order1 m which is smallerthanplanned
dishsizes.ThusathighfrequenciesASR, asaninterferometerwill notbesensitve to thetotal solardisk flux (it maybe
possibleto measurehis quantityindependentlypy a smallsingledish).

This is not the disadwantagethatit might first seemto be becauseve have considerablexperiencen restoringdata
thatdo notfully samplethesolardisk: Figurel shows radioimagesof the Sunfrom the Very Large Array attwo different
frequencieq1.4 and4.6 GHz), neitherof which fully samplegshe larger spatialscalesof solarradio emission. These
imageshave both beenproducedusinga flat disk asa default modelfor maximum-entrog decorolution. Pioneersn
handlingradio datathat partially samplethe solar disk have beenthe NobeyamaRadio Heliograph(NoRH) group3#
NoRH consistsof 84 small (80 cm diameter)dishesoperatingat 17 and 34 GHz. The dishesare too smallto detect
sourcetherthanthe Sunwith uncooledrecevversat thesefrequenciessothey usethe Sunitself asa calibrationsource:
atthesdrequencieshesolardisk dominateghe quiet-Surflux andasolardisk modelof a10000K sourceof appropriate
radius,in combinationwith designedredundanyg in the array works well for calibratingthe data. In imaging NoRH
data,onegenerallysubtractghesolardisk from theraw databeforeproceedingin orderto avoid having to decowolvea
largeflat disk, andthis workswell in practice.lt is intendedthat FASR will beableto detectastrometriacalibratorswith
the advantageof its large bandwidth,and position calibrationcanthenbe carriedout in corventionalfashion. At most
frequencieASR imagingwill probablyproceedonly after first subtractinga frequeng-dependeninodeldisk, whose
radiusandbrightnesawill be known a priori, from the data. The modeldisk canthenbe restoredafter decorvolution of
the otheremissionfeatures.

4. FREE-FREE MODEL OF THE RADIO SUN

Figurel shavs anumberof featuresmportantfor routinemappingof the Sunby FASR: the brightestfeaturesn a quiet-

Sunradioimageareusuallyat coronaltemperaturesf several million K, andthe disk variesin brightnesgemperature
from 10° K at low frequencieswherethe solar atmospherds optically thick in the coronadueto thermalfree-free
(bremsstrahlung)o 10* K at high frequencieg~ 20 GHz), wherethe coronais optically thin andoneseesdown to the

solarchromosphere At 1 GHz the quiet-Sundisk temperaturés about10® K, while at5 GHz it is 30000K. Despite
thefactthatthe optically thick layer oneseesdown to in the atmospherdecomesoolerandcoolerasfrequeng rises,

the correspondingsolar disk contribution to the radio emissionbecomesan increasinglyprominentfeatureat higher

frequenciesbecausehe brightnessemperatureof the optically thin coronalfeaturesdecreaseas f ~2, which is much

fasterthantherateof decreasef theapparentlisk temperature.

In theremaindenf this paperwe carry out somedatasimulationsfor the dateshowvn in Figurel, 1999April 11. We
simulateprimarily the bremsstrahlungomponenbf the atmospherethe brightestfeaturesin the 4.6 GHz radioimage
aregyroresoncesourceghat are optically thick in the coronabecausef the strongmagneticfields over active regions.
This gyroresonancemissiorwill beonly briefly discussedhere.

To derive aradiomodelincorporatingthe free-freeemissionfrom the solaratmosphereye usecoronaltemperatures
andemissionmeasureslerived from EUV imagesfrom the Extreme-ultraiolet Imaging TelescopgEIT) on the SOHO
spacecraftHerewe useFeX/X 171A andFeXIl 195A EIT imageswith a pixel size(from Earth)of 2.602'. Temper
atureandemissionmeasuranapsarederived usingstandarcEIT proceduresTheresultsdo not completelycharacterize
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Figure 2. The SOHO/EIT Fe XII 195 A image (upperleft) on 1999 April 11 usedto determinethe modelfor the simulations,the
1 GHz model(upperright) resultingfrom a free-freecalculationand convolved with a 30" beam,the 5 GHz free-freemodel (lower
left) resultingfrom the EIT dataand corvolved with an 8" beam,andthe 5 GHz modelincluding both free-freecontrikutions and
gyroresonanceourcesdeterminedusinga SOHO/MDI line-of-sight magnetogram.The temperatureand emissionmeasurederived
from the EIT dataare usedto derive bremsstrahlungptical depths(0 f 2) and then brightnesstemperatures.A chromospheric
contribution is addedto the coronalemission,andthe modelas shavn hereis cornvolved with a gaussiarof size appropriateto the
obsenrationfor comparisorwith the modelFASR images.Theimagesareshavn with thegrey colorsscaledogarithmically

thesolaratmospherdy any meansithepair of EIT imagesusedis only sensitve to cool coronalmaterialandis noteven
comprehensie for the materialto which EIT is sensitve>® but they sene asan appropriatestartingpoint. The EUV
dataalsodo not incorporatethe contribution of the solarchromospheré¢o the radio emission.We addthis contribution
separatelyfollowing the measurementsf Zirin etal.”

The proceduras to rotatethe EIT imagesto acommontime, determinghe temperaturandemissionmeasurenaps
(correctedfor the abundanceof Fé®), calculatethe (frequeng-dependentpptical depthdueto bremsstrahlungn each
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Figure 3. The snapshoandbeamresultingfrom a candidatdog-spiralconfigurationof 99 antennasin this casethe minimumspacing
is 10m. The panelsshav (a) top left, theantenndayout,with 33 antenna®n eacharmandawrapof 1 turn perarm;(b) topright, the
u v configuratiorresultingfrom this configurationat 5 GHz attransiton 1999April 11; (c) bottomleft, thebeampatternresultingfrom

this configurationwith the greyscaleshaving the rangefrom -3% to 40% of the beampeak:the largestnegative valuein the beamis

-3%; and(d) bottomright, detailsof theinnerregion (5 kiloA) of theu v distribution whichis saturatedn the panelabove.

pixel usingstandardormulae? determinethecorrespondindrightnessemperaturgT, Te(1 e~7)) andthencorvert
to radio flux. The chromosphericontribution is thenaddedfor pixels on the solardisk. Emissionabove the limb also
hasto be suppresseth the model,becauseahe EIT imagessuggesimore materialtherethanis actually presentdueto
contaminatiorby otherlines andoff-limb calibration. The EIT imagesalsoshowv a grid patternthatis instrumental;t is
partially removedby the calibrationprocedureandwe have not attemptedo remove theresidualfeatures.

Theoriginal EIT imageandtypical resultingmodelradioimages(herefor 1 and5 GHz) areshawvn in Figure2. The
1 GHz radio modelhasbeenconvolved with a 30" beamandthe 5 GHz modelwith an 8” beamfor comparisorwith
the final maps. As required,the solardisk is a prominentfeatureof the radio modeldespitebeinglargely absenfrom
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Figure4.1.0GHzmodelimagesprocessethroughthetestFASR configurationFig. 3). ThepanelontheleftisaCLEAN image(disk

subtractedrom visibilities, residualsSCLEANed, thendisk restoredto the subsequenimage)while that on the right is a maximum-
entrojy decowolution usingthe samedisk asa default model. Therestoringbeamsizeis 30" (weightingintermediatebetweematural

anduniform). Theseimagesmay be comparedvith the obseredimage(Fig. 1) andthe modelimage(Fig. 2). Notethatthe 1.4 GHz

imagein Fig. 1 is theresultof a 12 hour synthesioobserationby the VLA, whereagheimagesshavn herearethe resultof snapshot
obsenrations. Thedisplayis logarithmicfrom 4000to 1.9 x 1Cf K.

theFe Xll image:in theradioimageit is dueto the chromospherewhich is absenfrom the EUV coronalimages.The
brightestfeaturesin the radio model are exactly thosethat are brightestin the EIT image, sincethey are the densest
regionsin the coronaandhencehave thelargestoptical depthsat radiowavelengths Note however thatsomefeaturesare
underrepresentad theradio model: the filamentchannelaroundthe southpole thatis prominentin the Fe XIl imageis
barelydiscerniblein theradioimage,becausét liesin aregion of weakemissionin the Fe Xll imagethatproducesonly
a smallcoronalbrightnesgemperatureontritution to the radio model. This contribution is muchsmallerthanthe solar
disk contribution from the chromosphereandthe contrastof the filamentchanneddoesnot shov up in the modelagainst
this brighterbackground.The actualobsenation (Fig. 1) doesshawv the filamentchannelasa prominentfeaturethatwe
attributeto achromospherisignaturethatis notincludedin themodels.

To show the effectsof including magneticfields in the calculationof the radio models,Fig. 2 alsopresentsa 5 GHz
modelin which gyroresonanceourcesareaddedusingthe simpleapproactof assuminghatthe coronais optically thick
atthetemperaturelerived from the EUV dataif the magneticfield in thatpixel exceedshe valuerequiredto matchthe
third harmonicof thelocal gyrofrequeng. Themagnetidield is estimatedrom a SOHO/MDI line-of-sightmagnetogram
obtainedat 19 UT (essentiallythe sametime asthe EUV data). The resultis a numberof bright compactsourcesat
brightnesgsemperaturein excessof 10° K that are muchbrighterthananything in the free-freemodel. Many of these
sourceganbeseerto bepresenin the VLA imagein Fig. 1.

5. SIMULATED IMA GES

For imaging simulationsherewe usean array consistingof 99 antennasrrangecdon 3 essentiallylog-spiralarmseach
makingafull 360° turn. The outerantennasreapproximatelyl 700m from the arraycenter andthe maximumbaseline
lengthis about3 km. The antennasizeis 6 m andthe minimum antennaseparatioris 10 m. The arrayis shavn in

Figure3 togetherwith the snapshou v distribution andthe resultingsnapshobeampattern. The modeldatadescribed
arecorvertedinto amodelobsenationusingtheNRAO AIPS taskUVCON 1 Thisarrayis justanexampleof apossible



1000fF — — ~ 1 T T T T 1 " T T T T H
L 5.0 GHz CLEAN ]5.0 GHz MEM |
o0l 1 ]
O
Q
S Or T .
(]
500l i ]
000k o o
1000  -500 0 500 10000  -500 0 500 1000
arcsec arcsec

Figure 5. 5.0 GHz modelimagesprocessedhroughthe testFASR configurationconsistingof 99 6-m dishes.The panelon theleft is
a CLEAN image(disk subtractedrom visibilities, residualsSCLEANed, thendisk restoredo the subsequeritmage)while thaton the
right is a maximum-entrop decowolution usingthe samedisk asa default model. The restoringbeamsizeis 8”. Theseimagesmay
be comparedvith theobsenedimage(Fig.1) andthe modelimage(Fig. 2).

configurationthat FASR might use: log-spiralarraysare one of seseral configurationsdeingconsideredor large arrays
suchasthe Atacamalarge Millimeter Array.1112 Thevisibilities areweightedto producea beamintermediatebetween
purenaturaland pureuniform weighting;the resultingsnapshobeamfor this arrayhasa maximumnegative of just 3%
of thebeammaximum,but it doeshave a significantwidespreadpiral patternof positive responseatalow level thatcan
spreadlux overawide areafrom the mary pixelsfilled by solaremission.

The resultsof analyzingthe modeldataat 1 GHz areshavn in Figure 4, which canbe comparedwith the starting
modelin Fig. 2 andthe actualVLA 1.4 GHz obsenationin Fig. 1. Two decowolution techniquesare comparechere.
Oneis the“CLEAN” approach'® but with the disk componensubtractedrom the visibility datafirst andthenrestored
in theimageplaneafterdecorvolution to avoid having to cleantheflux in all the disk pixelsdueto this componentThe
secondechniqueis to malke dirty mapsandthendecowolve themusingthe maximumentropy method* usingthe disk
componenasadefaultimage.In this methodthe resultscandependon whetheror not the algorithmis forcedto achieve
aspecifictotal flux. Theminimum 10 m baselinedoessamplethefull diskflux at1 GHz, sothediskflux is reconstructed
well no matterwhatthetechnique.

The two decowolvedimagesin Fig. 4 areessentiallyidentical: the peaksin the differenceimagearetypically less
than 0.25%of the maximum,and appearto be dominatedby small featurestypical of CLEAN imagesin which mary
cleancomponentsarerequired,leadingto low-level instabilities. As notedabove, the beamshawn in Fig. 3 doeshave
significantlow-level responsehatspreadslux in the dirty mapwell outsidethe solardisk, andevenaftersubtractinghe
diskit takesmary cleancomponentso cleantheimagewell: evenattherelatively low resolutionof thisimagethe solar
disk containsover 4000resolutionelementsandeachof themcontainsflux.

Thecorrespondingesultsat5 GHz areshavn in Figure5. Herethefrequeng is too high for the arrayof 6 m dishes
satishctorily to samplethe full solardisk, soin the maximumentropy approactone mustspecifythe final total flux; if
this is not donetoo little flux is recovered. In this caseneitherdecorwolution doesaswell asin the 1 GHz models.The
maximumentrofy imageappearso be a cosmeticallysatishctoryrepresentatioof theinput model,but in detailit does
notmatchthemodelwell, andthe5 GHz CLEAN imageis surprisinglypoor. We suspecthata combinationof reasonss
responsibldor thisresult. At thisfrequeng thesolardisk contains60000resolutionelementsyhile only 9000quantities
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Figure 6. The5.0 GHzmodelimageprocessethroughatestFASR configurationconsistingof 99 2-mdisheswith aminimumspacing
of 3 m. Theobsenationis for 30 minutesimmediatelyfollowing transit. Theimageis a maximum-entrop decowolution usinga flat
disk asa default model. The restoringbeamsizeis 8”. Thisimagemay be comparedvith the obseredimage(Fig.1) andthe model
image(Fig. 2).

aremeasuredby the obsenation(4500baselineseacha complex number),soin principlethe datado notcontainenough
informationto reconstrucfully themodel. Further unlike the VLA, whoseshortesbaselings about40 m andtherefore
completelyresolhesout the solardisk scaleat this frequeng, the 10 m minimumantennaspacingof this testarraymeans
thatthedisk s presenin the databut inadequatelysampled.

For this reasonthe currentplanfor FASR callsfor anarrayof smallerdishesoperatingat frequenciesabove 3 GHz.
We have simulatedthe imaging problemusingthe same5 GHz free-freemodelobsened by an array of 99 2-m dishes
having aminimumspacingof 3 m andarealisticsolardominatedsystenmtemperatureln addition,we simulatetheresult
of a 30-minuteobsenationwhich helpsto fill in theu v planesomavhat. The resultis shovn in Figure6 usingMEM
decowolutionwith a default disk (CLEAN is lessefficientthanMEM becausef the numberof pixelsrequiredto cover
the solardisk at the appropriateresolution). The decowvolution hasnot beenoptimizedandwe believe thatthis affects
therestorationof the low surfacebrightnessemission but the brightercoronalfree-freeemissionis recoveredextremely
well. Whenthe brightergyroresonansourcesare alsoincluded,MEM decowolution doesnot work aswell: thisis a
well-known effect whosesolutionis to CLEAN andsubtracthebright compactsourcesrom the databeforeusingMEM
decowolutionontheremainingemission.

6. CONCLUSION

Theseresultsgive an impressionof the considerationshat mustbe taken into accountin designingFASR suchthat it
canachieve its scientificgoals. Herewe have highlightedprobablythe mostdifficult issuefor FASR imaging, namely
the problemof dealingwith emissionfrom both large and small spatialscalesover a wide frequeng range. The need
to obtainshort-spacinglataat high frequenciess emphasizedby Fig. 5, andthis drivesFASR to include smallerdishes
for the higherfrequencies.In addition, observingstratgies can amelioratethe lack of shortspacingseven with the 6
m antennasiit is well establishedhat mosaickingobsenationswith an interferometefobsenationsof fields of view
thatoverlapby half a primary beamwidth) containinformationon spatialscalescorrespondingo abouthalf the shortest
spacingt>~1’ This techniquds usedto createthe 4.6 GHz VLA imageof the Sunfrom 26 overlappingfields shovn in
Fig. 1. The combinationof interferometedatawith singledish measurementsf the total power from the Sunwill also



helpto samplethelargespatialscalesi® andfrequeng-synthesi$®2° mayalsohelptofill in thesnapshot v distribution
for broadbandourcesNonethelesdrigs.4 and6 shav theimagingpower thatFASR will deliver.

Additional simulationsof a rangeof scienceissues(coronalmagnetographyflare science coronalmassejections)

will
que
and

alsobe carriedout in orderto guide designdecisionsfor the array With the combinationof imagesat mary fre-
nciesgachprobingdifferentdepthsin the solaratmospherdecausef the frequeny dependencef both free-free
gyroresonancepacity andinformationfrom the two circular polarizations FASR obsenationscontaina greatdeal

of informationon the three-dimensionadtructureof the solaratmosphergtemperaturd,, densityn. andmagneticfield

stre

ngthB). Considerableffort is neededeforewe canunderstandhow muchof thethree-dimensionatructurecanbe

retrievedby “inversion”of theradiospectrumin eachpixel.
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