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ABSTRACT

TheFrequency Agile SolarRadiotelescope(FASR)will observetheSunoverawiderangeof radiofrequenciesandmake
high spatialresolutionimagesat many frequenciesnearlysimultaneously. FASR will needto beableto observeboththe
very bright, usuallycompactemissionfrom solarflaresaswell asmuchfainterfluctuationsin the solarchromosphere
acrossa broadrangeof spatialscales(from 1 arcsecto 1 degree)at high time resolution,andtheseconstraintsimpose
severerequirementson telescopedesign.We discussthe problemof imagingthe Sunat radiowavelengthsandpresent
simulationsof imagingthethermalfree-freeemissionfrom theSun’satmosphereusingmodelsbasedonEUV data.
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1. INTR ODUCTION

TheFrequencyAgile SolarRadiotelescope(FASR) will bea solar-dedicatedradiointerferometricarraythatwill beopti-
mizedto carryout imagingspectroscopy of theSun,i.e.,to producehigh-quality, highspatialresolutionimagesof theSun
simultaneouslyat a wide rangeof frequencies.FASR will performcoronalmagnetography, detectandmapnonthermal
populationsof electronsfrom theground,andidentify andtrackdriversof spaceweather. FASR hasbeenhighlightedby
a numberof NRC panelsasanimportantresourcefor solarphysicsat thenext solarmaximum,anddetailedplanningfor
theprojecthascommenced.

An importantaspectof FASR is that it will not only, or evenprimarily, serve thesolarradioastronomycommunity:
it will serve a largeuserbasecomprisingsolar, solar-terrestrial,andspacephysicists.All FASR datawill bemadefreely
available. Insteadof placing the burdenof datacalibrationand reductionon the user, FASR dataprocessingwill be
pipelinedandthedatawill bemadeavailableasfully calibrated,optimally-deconvolvedmaps.FASR will “mainstream”
the useof solarradio observationsby the wider community, muchasthe SolarandHeliosphericObservatory (SOHO)
andtheTransitionRegion andCoronalExplorer(TRACE) satelliteshave mainstreamedtheuseof solarEUV data,and
theYohkoh satellitehasmainstreamedtheuseof solarsoft andhardX-ray imagingdata.FASR will carryout dualroles,
servingboth as a basicresearchinstrumentand as a sourceof basicsynopticdatathat can be usedto forecastsolar
conditionsandspaceweatherandgeophysicaldisturbances.HenceFASRwill providea directsocietalbenefit.

A greatdealof work hasbeendoneoverseveraldecadesto characterizeandunderstandsolarradioemissionprocesses
andphenomena.The scienceto be donewith FASR hasbeenextrapolatedfrom this experience,but FASR is suchan
advanceover currentinstrumentation(in frequency coverage,imagequality, spatialresolution,andsensitivity), that a
true understandingof what it is capableof requirescomplex, three-dimensionalsourcemodelsimulations. Theseare
importantfor refiningsuchthingsasthearrayconfiguration,antennanumberandantennasize.But they arealsoacritical
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meansto understandobservingstrategies,calibrationstrategies,andimageprocessingalgorithmsthatwill benecessary
to maximizethe usefulnessandsciencereturnof the instrument.The modelswill be constructedby assemblingspace
andground-basedinformationnecessaryto createoneor morerealisticthree-dimensionalactiveregionandcoronalmass
ejection(CME)models,with therequisitespatialresolution( 1arcsec)andwith appropriatecomplexity to testtheideaswe
havefor measuringphysicalparametersof thesolaratmospherewith FASR.Theradioemissionfrom the3-D modelswill
becalculatedat a rangeof frequencies,viewedfrom differentdirections,sampledwith theexpectedarrayconfiguration,
andthe resultingimagecubes(in dualpolarization)will be invertedandcomparedto the modelto assesstheprecision
of extractingthephysicalparameters.A flaring loop modelwill alsobegenerated,with realisticdistribution of particles
andpossiblyalsotheappropriatetime-dependentbehavior. Thesemodelswill guidetheobserving,calibration,andimage
processingstrategiesto beusedby FASR.In thispaperwepresentsomeearlystepsto this goal,usingEUV imagesfrom
theExtreme-ultraviolet ImagingTelescope(EIT) onSOHOto generateaquiet-Sunmodelradiatingby free-freeemission
alone,processingthis througha modelarrayandcomparingwith actualimages.Thenext sectionfirst providesa brief
overview of theFASRproject.

2. FASR OVERVIEW

Thespecificationsfor theFrequency Agile SolarRadiotelescope,asdrivenby sciencerequirements,areshown in Table
1. While the specificationin eachcategory (frequency range,frequency resolution,time resolution,angularresolution,
field of view) mayseemrelatively modest,it is thecombinationof characteristicsthatmakesFASRsuchanadvanceover
existing instruments.1 Themaincharacteristicsthattheinstrumentmusthaveare:

� ExcellentSnapshotImaging: TheSunmustbe imagedwith high dynamicrange,fidelity, andangularresolution,
with goodsensitivity tobothcompactandextendedsourcesof emission,instantaneously. A dynamicrange

�� 1000:
1 andanangularresolutionof � 1

� �
ata frequency of 20 GHzareconsideredreasonablegoals.

� Broadbandspectroscopy:Spectralcoverageover a frequency rangeof 0.1-20GHz is requiredto cover thescien-
tifically relevant rangeof heightsandphenomenaof the solaratmosphere.Continuousfrequency coverageover
this rangeis neededto obtainhigh-resolutionspectraldiagnostics.Coverageup to 30 GHz is desirablefor particle
accelerationdiagnostics.

� Polarimetry: Dual polarizationobservationsarerequiredfor coronalmagnetographyandparticleaccelerationdi-
agnostics.Thecorrelationsrequiredto form all four Stokesparametersaredesirable,but not necessarilyover the
entirefrequency rangeor at all times.

� High timeresolution:Spectramustbeacquiredat a ratesufficient to follow spectralvariationsduringsolarflares.
At centimeterwavelengthsa full spectrum(2-20GHz)mustbeobtainedin

�� 1 sec.At decimeterwavelengths,the
requirementis moredemanding:

�� 0� 1 secon a routinebasis,with evenhigherratesover restrictedbandwidthsas
required.

� Largefieldof view: Imagingoverthefull solardisk( 1
2

�
) or largeris desiredoverasignificantportionof thespectral

rangeof theinstrument,for mappingcoronalmassejectionsandmaximizingthesciencereturn.

� Absolutepositionalaccuracy: FASRshouldmatchspaceandopticalground-basedinstrumentresolutionsof order
1 arcsec.Quantitativecross-comparisonsof FASRobservationswith thosein otherwavelengthregimeswill require
preciseknowledgeof absolutesourcepositions.

� Easyaccessby thescientificcommunity:As anoperationalrequirement,theinstrumentmustnot placetheburden
of datareductionon theuser. Most of thecalibrationanddatareductionshouldbe performedon-sitewith a data
pipeline,anda widevarietyof dataproductsshouldbemadeavailablefor immediateuse.

Although FASR wasconceivedentirely separatelyfrom otherradiotelescopeprojectsnow beingconsidered,it has
obvious similarities to the Allen TelescopeArray (ATA) and to the Low Frequency Array (LOFAR). LOFAR canbe
consideredcomplementaryto FASR, in thatits frequency rangewill extendbelow FASR’s frequency range.LOFAR will
carryout interestingandimportantsolarandheliosphericsciencethatis complementaryto thekey scienceof FASR.2 The



Table 1. FASR Specifications

Numberof antennas � 100 Frequency range 0.1–30GHz(core:0.5–18GHz)
Numberof baselines � 5000 Frequency resolution � 1%,2–30GHz
Antennasize D = 2 - 6 m � 0� 1%,0.1–2GHz
Angularresolution � 	

20
 ν9 � arcsec Timeresolution
�� 0� 1 sec,2–30GHz

Field of view � 1030
 	
ν9D � arcmin

�� 0� 01sec,0.1–2GHz
Polarization Full NumberIFs pairs 4 - 8

ATA hasasimilarfrequency rangeof 0.5-11.5GHz,andwill employ severalhundredantennasto obtainexcellentsnapshot
imagequality. FASR sharesmany of the key technologychallengesof ATA. ATA differs from FASR in having shorter
baselines,a smallerfrequency range,andweaker pointingconstraints,but moreseverespectralprocessingrequirements
andmany moreantennas.

3. RADIO IMA GING OF THE SUN

The imaging processhasalways beena drawback for radio astronomy, in the sensethat, unlike conventionaloptical
telescopes,interferometersdo not imagedirectly: to exploit the full power of aninterferometeroneusuallyhasto invert
the measuredvisibilities, remove bad data,and deconvolve for the point responseof the telescope,and the practical
difficulties that attendthesestepshave led to the term “black belt radio astronomer”,a term that may be viewed as
an honorific amongstradio astronomersbut one that is off-putting to the casualuser from other wavelengthranges.
Considerableeffort will be put into avoiding this perceptionfor FASR data,in order that they shouldbe accessibleto
aswide a communityaspossible. To this end,we anticipatethat mostuserswill only ever dealwith fully calibrated
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Figure1. Full disk radioimagesof theSunat (left) 1.4GHzand(right) 4.6GHzmadewith theVeryLargeArray in “D” configuration
on 1999April 11. In this configurationthefull disk fits into theprimarybeamof theVLA antennasat 1.4GHz,but thevisibilities do
not adequatelysamplethe full disk spatialscales,soa disk is suppliedasa default modelin deconvolution. Therestoringbeamsize
at 1.4 GHz is 40� � . At 4.6 GHz the primary beamis just 10� : the imageshown hereis madeby mosaickingtechniquesin which 26
differentfieldsacrosstheSunareobservedanddeconvolvedwith a disksuppliedasthedefault model.Therestoringbeamsizeis 12� � .
Thegreyscaleis a logarithmicrepresentationof theintensityfrom 4000K to 1.9 � 106 K at1.4GHzandfrom 4000K to 9 � 105 K at
4.6GHz.



anddeconvolvedFASR images;theunit mostusefulto usersis probablythatof brightnesstemperature,sinceit actually
representsthelocal temperaturein any optically thick radiosource.

The needto supply processedimageson demandimposesa burdenon the pipeline processingtasksusedfor the
purpose.Herewecantakeadvantageof thefactthatweknow a lot abouttheappearanceof theSunat radiowavelengths,
andcanmake useof this knowledgeto simplify the imagingprocess.Oneimportantfeatureis that thesizeof theradio
sourceis well understood,andexceptat low frequenciesweneedonly imageto aradiusof about2400

� �
to covervirtually

all solarphenomenathatFASR will beableto detect.However, the fact that the Sun’s radioemissionfills sucha large
areaonthesky posesaproblemfor algorithmssuchasCLEAN, whichis reallybestsuitedto deconvolving brightsources
thathave emissionin a small numberof pixels. Over mostof its frequency rangeFASR will have the entiresolardisk
within its field of view (FWHM of a dishof diameterD m at frequency f GHz is 1030

�
/D f ), but it will not samplethe

very largespatialscalesneededto reconstructcompletelythesolarbrightnessat all frequencies.Theminimumprojected
spacingd betweenantennasdeterminesthe longestfringe spacing(theseparationof peaksin theFourierpatternon 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 Fourier lobe,andhenceat e.g.,10 GHz, onerequiresa minimumspacingof order1 m which is smallerthanplanned
dishsizes.Thusathigh frequenciesFASR,asaninterferometer, will notbesensitive to thetotalsolardiskflux (it maybe
possibleto measurethisquantityindependentlyby a smallsingledish).

This is not thedisadvantagethat it might first seemto bebecausewe have considerableexperiencein restoringdata
thatdonot fully samplethesolardisk: Figure1 showsradioimagesof theSunfrom theVeryLargeArray at two different
frequencies(1.4 and4.6 GHz), neitherof which fully samplesthe larger spatialscalesof solarradio emission.These
imageshave bothbeenproducedusinga flat disk asa default modelfor maximum-entropy deconvolution. Pioneersin
handlingradio datathat partially samplethe solardisk have beenthe NobeyamaRadioHeliograph(NoRH) group.3,4

NoRH consistsof 84 small (80 cm diameter)dishesoperatingat 17 and34 GHz. The dishesare too small to detect
sourcesotherthantheSunwith uncooledreceiversat thesefrequencies,sothey usetheSunitself asa calibrationsource:
at thesefrequenciesthesolardiskdominatesthequiet-Sunflux andasolar-diskmodelof a10000K sourceof appropriate
radius,in combinationwith designedredundancy in the array, works well for calibratingthe data. In imagingNoRH
data,onegenerallysubtractsthesolardisk from theraw databeforeproceeding,in orderto avoid having to deconvolvea
largeflat disk,andthis workswell in practice.It is intendedthatFASR will beableto detectastrometriccalibratorswith
the advantageof its large bandwidth,andpositioncalibrationcanthenbe carriedout in conventionalfashion.At most
frequenciesFASR imagingwill probablyproceedonly after first subtractinga frequency-dependentmodeldisk, whose
radiusandbrightnesswill beknown a priori, from thedata.Themodeldisk canthenberestoredafterdeconvolution of
theotheremissionfeatures.

4. FREE-FREE MODEL OF THE RADIO SUN

Figure1 showsanumberof featuresimportantfor routinemappingof theSunby FASR: thebrightestfeaturesin aquiet-
Sunradio imageareusuallyat coronaltemperaturesof severalmillion K, andthe disk variesin brightnesstemperature
from 106 K at low frequencies,wherethe solar atmosphereis optically thick in the coronadue to thermal free-free
(bremsstrahlung),to 104 K at high frequencies( � 20 GHz),wherethecoronais optically thin andoneseesdown to the
solarchromosphere.At 1 GHz the quiet-Sundisk temperatureis about105 K, while at 5 GHz it is 30000K. Despite
the fact that theoptically thick layeroneseesdown to in theatmospherebecomescoolerandcoolerasfrequency rises,
the correspondingsolar disk contribution to the radio emissionbecomesan increasinglyprominentfeatureat higher
frequenciesbecausethe brightnesstemperatureof the optically thin coronalfeaturesdecreasesas f � 2, which is much
fasterthantherateof decreaseof theapparentdisk temperature.

In theremainderof this paperwe carryout somedatasimulationsfor thedateshown in Figure1, 1999April 11. We
simulateprimarily thebremsstrahlungcomponentof theatmosphere:thebrightestfeaturesin the4.6 GHz radio image
aregyroresoncesourcesthatareoptically thick in the coronabecauseof thestrongmagneticfieldsover active regions.
Thisgyroresonanceemissionwill beonly briefly discussedhere.

To derivea radiomodelincorporatingthefree-freeemissionfrom thesolaratmosphere,we usecoronaltemperatures
andemissionmeasuresderivedfrom EUV imagesfrom theExtreme-ultraviolet ImagingTelescope(EIT) on theSOHO
spacecraft.Herewe useFeIX/X 171Å andFeXII 195Å EIT imageswith a pixel size(from Earth)of 2.602

� �
. Temper-

atureandemissionmeasuremapsarederivedusingstandardEIT procedures.Theresultsdo not completelycharacterize
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Figure 2. The SOHO/EITFe XII 195 Å image(upperleft) on 1999April 11 usedto determinethe model for the simulations,the
1 GHz model(upperright) resultingfrom a free-freecalculationandconvolved with a 30� � beam,the 5 GHz free-freemodel(lower
left) resultingfrom the EIT dataandconvolved with an 8� � beam,and the 5 GHz model including both free-freecontributionsand
gyroresonancesourcesdeterminedusinga SOHO/MDI line-of-sightmagnetogram.The temperatureandemissionmeasurederived
from the EIT dataare usedto derive bremsstrahlungoptical depths(∝ f � 2) and then brightnesstemperatures.A chromospheric
contribution is addedto the coronalemission,andthe modelasshown hereis convolved with a gaussianof sizeappropriateto the
observationfor comparisonwith themodelFASR images.Theimagesareshown with thegrey colorsscaledlogarithmically.

thesolaratmosphereby any means:thepair of EIT imagesusedis only sensitive to cool coronalmaterialandis not even
comprehensive for the materialto which EIT is sensitive,5,6 but they serve asan appropriatestartingpoint. The EUV
dataalsodo not incorporatethe contribution of thesolarchromosphereto the radioemission.We addthis contribution
separately, following themeasurementsof Zirin et al.7

Theprocedureis to rotatetheEIT imagesto a commontime,determinethetemperatureandemissionmeasuremaps
(correctedfor the abundanceof Fe8), calculatethe (frequency-dependent)optical depthdueto bremsstrahlungin each
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Figure3. Thesnapshotandbeamresultingfrom a candidatelog-spiralconfigurationof 99antennas.In thiscasetheminimumspacing
is 10m. Thepanelsshow (a) top left, theantennalayout,with 33 antennason eacharmanda wrapof 1 turn perarm;(b) top right, the
u� v configurationresultingfrom thisconfigurationat5 GHzat transiton1999April 11; (c) bottomleft, thebeampatternresultingfrom
this configuration,with thegreyscaleshowing therangefrom -3% to 40%of thebeampeak:the largestnegative valuein thebeamis
-3%;and(d) bottomright, detailsof theinnerregion (  5 kiloλ) of theu� v distributionwhich is saturatedin thepanelabove.

pixel usingstandardformulae,9 determinethecorrespondingbrightnesstemperature(Tb ! Te
	
1 " e� τ � ) andthenconvert

to radioflux. Thechromosphericcontribution is thenaddedfor pixelson the solardisk. Emissionabove the limb also
hasto be suppressedin the model,becausethe EIT imagessuggestmorematerialtherethanis actuallypresentdueto
contaminationby otherlinesandoff-limb calibration.TheEIT imagesalsoshow a grid patternthat is instrumental;it is
partially removedby thecalibrationprocedure,andwe havenot attemptedto removetheresidualfeatures.

Theoriginal EIT imageandtypical resultingmodelradioimages(herefor 1 and5 GHz) areshown in Figure2. The
1 GHz radio modelhasbeenconvolvedwith a 30

� �
beamandthe 5 GHz modelwith an 8

� �
beamfor comparisonwith

the final maps. As required,the solardisk is a prominentfeatureof the radio modeldespitebeinglargely absentfrom
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 1.4 GHzCLEAN MEM

Figure4.1.0GHzmodelimagesprocessedthroughthetestFASRconfiguration(Fig.3). Thepanelon theleft is aCLEAN image(disk
subtractedfrom visibilities, residualsCLEANed, thendisk restoredto the subsequentimage)while that on the right is a maximum-
entropy deconvolution usingthesamediskasa default model.Therestoringbeamsizeis 30� � (weightingintermediatebetweennatural
anduniform). Theseimagesmaybecomparedwith theobserved image(Fig. 1) andthemodelimage(Fig. 2). Notethatthe1.4GHz
imagein Fig. 1 is theresultof a 12 hoursynthesisobservationby theVLA, whereastheimagesshown herearetheresultof snapshot
observations.Thedisplayis logarithmicfrom 4000to 1.9 � 106 K.

theFeXII image:in theradio imageit is dueto thechromosphere,which is absentfrom theEUV coronalimages.The
brightestfeaturesin the radio model are exactly thosethat are brightestin the EIT image,sincethey are the densest
regionsin thecoronaandhencehavethelargestopticaldepthsat radiowavelengths.Notehowever thatsomefeaturesare
underrepresentedin theradiomodel: thefilamentchannelaroundthesouthpolethatis prominentin theFeXII imageis
barelydiscerniblein theradioimage,becauseit lies in a regionof weakemissionin theFeXII imagethatproducesonly
a smallcoronalbrightnesstemperaturecontribution to theradiomodel. This contribution is muchsmallerthanthesolar
disk contribution from thechromosphere,andthecontrastof thefilamentchanneldoesnot show up in themodelagainst
this brighterbackground.Theactualobservation(Fig. 1) doesshow thefilamentchannelasa prominentfeaturethatwe
attributeto a chromosphericsignaturethatis not includedin themodels.

To show theeffectsof includingmagneticfields in thecalculationof theradiomodels,Fig. 2 alsopresentsa 5 GHz
modelin whichgyroresonancesourcesareaddedusingthesimpleapproachof assumingthatthecoronais optically thick
at thetemperaturederivedfrom theEUV dataif themagneticfield in thatpixel exceedsthevaluerequiredto matchthe
third harmonicof thelocalgyrofrequency. Themagneticfield is estimatedfrom aSOHO/MDI line-of-sightmagnetogram
obtainedat 19 UT (essentiallythe sametime as the EUV data). The result is a numberof bright compactsourcesat
brightnesstemperaturesin excessof 106 K thataremuchbrighterthananything in the free-freemodel. Many of these
sourcescanbeseento bepresentin theVLA imagein Fig. 1.

5. SIMULA TED IMA GES

For imagingsimulationsherewe usean arrayconsistingof 99 antennasarrangedon 3 essentiallylog-spiralarmseach
makinga full 360

�
turn. Theouterantennasareapproximately1700m from thearraycenter, andthemaximumbaseline

length is about3 km. The antennasize is 6 m andthe minimum antennaseparationis 10 m. The array is shown in
Figure3 togetherwith thesnapshotu# v distribution andtheresultingsnapshotbeampattern.Themodeldatadescribed
areconvertedinto amodelobservationusingtheNRAO AIPStaskUVCON.10 Thisarrayis justanexampleof apossible
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5.0 GHzCLEAN MEM

Figure 5. 5.0GHz modelimagesprocessedthroughthetestFASR configurationconsistingof 99 6-m dishes.Thepanelon theleft is
a CLEAN image(disk subtractedfrom visibilities, residualsCLEANed,thendisk restoredto thesubsequentimage)while thaton the
right is a maximum-entropy deconvolution usingthesamedisk asa default model. Therestoringbeamsizeis 8� � . Theseimagesmay
becomparedwith theobservedimage(Fig.1)andthemodelimage(Fig. 2).

configurationthatFASR might use: log-spiralarraysareoneof severalconfigurationsbeingconsideredfor largearrays
suchastheAtacamaLargeMillimeter Array.11,12 Thevisibilities areweightedto producea beamintermediatebetween
purenaturalandpureuniform weighting;theresultingsnapshotbeamfor this arrayhasa maximumnegativeof just 3%
of thebeammaximum,but it doeshavea significantwidespreadspiralpatternof positive responseat a low level thatcan
spreadflux overa wideareafrom themany pixelsfilled by solaremission.

The resultsof analyzingthe modeldataat 1 GHz areshown in Figure4, which canbe comparedwith the starting
model in Fig. 2 andthe actualVLA 1.4 GHz observation in Fig. 1. Two deconvolution techniquesarecomparedhere.
Oneis the“CLEAN” approach,13 but with thedisk componentsubtractedfrom thevisibility datafirst andthenrestored
in theimageplaneafterdeconvolution to avoid having to cleantheflux in all thedisk pixelsdueto this component.The
secondtechniqueis to make dirty mapsandthendeconvolve themusingthemaximumentropy method14 usingthedisk
componentasa default image.In this methodtheresultscandependonwhetheror not thealgorithmis forcedto achieve
aspecifictotalflux. Theminimum10m baselinedoessamplethefull diskflux at1 GHz,sothediskflux is reconstructed
well nomatterwhatthetechnique.

The two deconvolvedimagesin Fig. 4 areessentiallyidentical: the peaksin the differenceimagearetypically less
than0.25%of the maximum,andappearto be dominatedby small featurestypical of CLEAN imagesin which many
cleancomponentsarerequired,leadingto low-level instabilities. As notedabove, the beamshown in Fig. 3 doeshave
significantlow-level responsethatspreadsflux in thedirty mapwell outsidethesolardisk,andevenaftersubtractingthe
disk it takesmany cleancomponentsto cleantheimagewell: evenat therelatively low resolutionof this imagethesolar
diskcontainsover4000resolutionelementsandeachof themcontainsflux.

Thecorrespondingresultsat 5 GHz areshown in Figure5. Herethefrequency is too high for thearrayof 6 m dishes
satisfactorily to samplethe full solardisk, so in the maximumentropy approachonemustspecifythe final total flux; if
this is not donetoo little flux is recovered.In this caseneitherdeconvolution doesaswell asin the1 GHz models.The
maximumentropy imageappearsto bea cosmeticallysatisfactoryrepresentationof theinput model,but in detail it does
notmatchthemodelwell, andthe5 GHzCLEAN imageis surprisinglypoor. Wesuspectthatacombinationof reasonsis
responsiblefor this result.At this frequency thesolardiskcontains60000resolutionelements,while only 9000quantities
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Figure6. The5.0GHzmodelimageprocessedthroughatestFASRconfigurationconsistingof 992-mdisheswith aminimumspacing
of 3 m. Theobservationis for 30 minutesimmediatelyfollowing transit.Theimageis a maximum-entropy deconvolution usinga flat
disk asa default model. Therestoringbeamsizeis 8� � . This imagemaybecomparedwith theobserved image(Fig.1)andthemodel
image(Fig. 2).

aremeasuredby theobservation(4500baselines,eachacomplex number),soin principlethedatadonotcontainenough
informationto reconstructfully themodel.Further, unlike theVLA, whoseshortestbaselineis about40 m andtherefore
completelyresolvesout thesolardiskscaleat this frequency, the10m minimumantennaspacingof this testarraymeans
thatthedisk is presentin thedatabut inadequatelysampled.

For this reason,thecurrentplanfor FASR calls for anarrayof smallerdishesoperatingat frequenciesabove3 GHz.
We have simulatedthe imagingproblemusingthe same5 GHz free-freemodelobservedby an arrayof 99 2-m dishes
having aminimumspacingof 3 m andarealisticsolar-dominatedsystemtemperature.In addition,wesimulatetheresult
of a 30-minuteobservationwhich helpsto fill in the u# v planesomewhat. The result is shown in Figure6 usingMEM
deconvolutionwith a default disk (CLEAN is lessefficient thanMEM becauseof thenumberof pixelsrequiredto cover
the solardisk at the appropriateresolution).The deconvolution hasnot beenoptimizedandwe believe that this affects
therestorationof thelow surfacebrightnessemission,but thebrightercoronalfree-freeemissionis recoveredextremely
well. Whenthe brightergyroresonantsourcesarealsoincluded,MEM deconvolution doesnot work aswell: this is a
well-known effectwhosesolutionis to CLEAN andsubtractthebrightcompactsourcesfrom thedatabeforeusingMEM
deconvolutionon theremainingemission.

6. CONCLUSION

Theseresultsgive an impressionof the considerationsthat mustbe taken into accountin designingFASR suchthat it
canachieve its scientificgoals. Herewe have highlightedprobablythe mostdifficult issuefor FASR imaging,namely
the problemof dealingwith emissionfrom both large andsmall spatialscalesover a wide frequency range. The need
to obtainshort-spacingdataat high frequenciesis emphasizedby Fig. 5, andthis drivesFASR to includesmallerdishes
for the higher frequencies.In addition,observingstrategiescanamelioratethe lack of shortspacingseven with the 6
m antennas:it is well establishedthat mosaickingobservationswith an interferometer(observationsof fields of view
thatoverlapby half a primarybeamwidth) containinformationon spatialscalescorrespondingto abouthalf theshortest
spacing.15–17 This techniqueis usedto createthe4.6 GHz VLA imageof theSunfrom 26 overlappingfieldsshown in
Fig. 1. Thecombinationof interferometerdatawith singledishmeasurementsof thetotal power from theSunwill also



helpto samplethelargespatialscales,18 andfrequency-synthesis19,20 mayalsohelpto fill in thesnapshotu# v distribution
for broadbandsources.Nonetheless,Figs.4 and6 show theimagingpower thatFASRwill deliver.

Additional simulationsof a rangeof scienceissues(coronalmagnetography, flare science,coronalmassejections)
will alsobe carriedout in orderto guidedesigndecisionsfor the array. With the combinationof imagesat many fre-
quencies,eachprobingdifferentdepthsin the solaratmospherebecauseof the frequency dependenceof both free-free
andgyroresonanceopacity, andinformationfrom thetwo circularpolarizations,FASR observationscontaina greatdeal
of informationon thethree-dimensionalstructureof thesolaratmosphere(temperatureTe, densityne andmagneticfield
strengthB). Considerableeffort is neededbeforewe canunderstandhow muchof thethree-dimensionalstructurecanbe
retrievedby “inversion”of theradiospectrumin eachpixel.
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