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ABSTRACT

The SUN experimentis aUV andvisible SpaceInterferometeraimedatultra-highresolutionin the
solaratmosphere.It hasbeenproposedto ESA aspart of the SIMURIS Mission Proposalwhich has
recentlybeenacceptedfor anAssessmentStudyin theframeworkof theSpaceStation.The4 H 20cm
telescopesof the SUN linear array arenon-redundantlyplacedto covera2 m baseline,andthe
instrumentmakesfull useof stabilizedinterferometrypotential,the4 telescopesbeingco-alignedand
co-phasedon areferencefield on thesun.After abriefoutlineof thescientificobjectives,theconceptof
theinstrumentisdescribed,anditsimagereconstructionpotentialis illustrated.

INTRODUCTION AND MISSION CONTEXT

The SIMURIS Mission (Solar Interferometric Missionfor Ultrahigh ResolutionImaging and
Spectroscopy)wasproposedto ESA in November1989 /1/ in the frameworkof the nextM2 Mission
(Mediumsize “Blue” Mission),andacceptedin February1990for anAssessmentStudy. It is dedicated
to ultrahighresolutionimagingandspectroscopyof thesolaratmospherefrom the convectionzoneto
the high corona.As such, it has two majorinstruments:the Solar Ultraviolet Network(SUN), an
interferometercapableof 10 km resolutionon the sun, andthe Imaging Fourier Transform
Spectrometer(IFFS)whichprovidesmulti-spectral2D velocityfields in thesolaratmosphere.
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0.35arcsecor better.Throughafull rotation (3°/srate) aroundits line-of-sight(auniquecapacityof the
EPS),it allowstheSUN instrumentto synthetizea2D highresolutionimagein 1 minute.The EPSis
currentlyplannedasafacility to beprovidedto Astronomers.It couldbe implementedon oneof the
attachmentpointof theSpaceStationassoonasin 1998.One shouldnoticethat,to experimentswhich
requireasignificantpower,ahighprecisionpre-pointinganda significanttelemetry,theSpaceStation
providesanexcellentenvironment.

SCIENTIFIC OBJECTIVES

Thehighspatialandspectralresolutionsof SUN/SIMURISallow to addressin detailsthemajorfields
of studyof thesolaratmosphere: physicsof coronalloops,plasmaheatingandthermalinputsof flares
andmicroflares,fine magneticfield structuresin theUV andin the visible (flux tubes; magneticfield
confinement),prominences,andthe dynamicsof granulation(convection).Theseobjectiveswill be
achievedthroughhigh resolutionimages(andvelocity fields for broadlines) of coronalloops,flare
kernels,prominences,internal flux tube structure,granulesand magnetic vortex, with a spatial
resolutionallowing to accessthe ultimate processscaleof mostevents.10 km on the sun(0.01arcsec
spatialresolution)is the first “macroscopic”scaletoobservesinceit grosslycorrespondsto thephoton
meanfreepathin thesolaratmosphere.Higherresolutions(microscopicscaleslike theion gyroradius
1 m) cannotbe easilyobservedby a remoteobservinginstrumentsincethe natural “agitation” will
probablythermalizetheobservedplasma.

A fundamentalcausefor both smallandlargescaleevolutionandactivity in stellaratmosphereis the
presenceof magneticfields.Observations(e.g./3/) andtheoreticalstudiessuggestthat all the spatial
scalesof theobservedsolarstructuresarecoupledto smallscalesprocesseslinked to thediscontinuities
andconstraintsin themagneticfield with ascaleof — 3 to 30 km. Accordingly,thefine scalestructures
cannotberegardedasunimportantcomplicationsof otherwisesimplephenomena.

INSTRUMENTAL CONCEPT

TheSUNinterferometerconsistsin4 telescopesof 20cm in diameter,positionednon-redundantlysuch
asto covera 2 m baseline.Thehigh spatialresolutionperformances(10km - 0.01 arcsecon a4 H 4
arcsec2field on the sun) are completedby an uninterruptedwavelengthcoveragefrom the
C III line at ?~1175 A to the near infrared Ca II triplet at 8662 A, thanks to a triple
stageDoubleGratingSpectrometer(DOS).The SUNUV filtergramswill beobtainedwith 0.1to 100
A spectralbandwidth; in thevisible, spectralresolutionsup to60 mA allow to measuremagneticfields
directly.A generalviewof the instrumentis givenin /5,6/; thegeneralcharacteristicsof theinstrument
(dimensions,mass,telemetry)aresummarizedin this issue (SIMIJRIS /41). The “compact” confi-
gurationof SUN (OpticalTransferFunctionwithout “holes”), andthephasestabilizedapproach,allow
to performdirect imaging by linear deconvolutiontechniques;SUN thereforeprovides“snap shot”
imagesof 0.01 x 0.1arcsecresolutionin afractionof asecond,or afull highresolutionimage(0.01x
0.01 arcsec)by aperturesynthesis,but in a1 minuteprocess.SUNis a fully stabilizedinterferometric
conceptin whichboth thepointing andthephaseinbetweendistanttelescopesarecontrolledactively.
In the following webriefly recallthe differentsub-systemsandfunctions,insistingon the co-phasing
whichis attheheartof theSUN design,andwhich is uniqueto interferometricinstrumentation.

The pointing is performedon the solar limb with adoublequad-cellecartometryset up. Precision
expectedis at the level of the one achievedby the SOUPinstrumenton board Spacelab2,i.e. 3
milliarcsec/2/. Pointing on any structureatthelimb or on thedisk isdonethroughthe useof an offset
introducedby adiasporametertypeof device(two wedges)placedbeforetheecartometer.Thisdevice,
whichalsorotates,hastheadvantageto keepthe offsetanglewhile theEPSis rotatedaroundtheline-
of-sight to synthetizeanimage.Furtherdetailson thesystemcanbefoundin /5/.

The cophasingis achievedon arestrictedfield on the disk, correspondingto an Airy disk sizein the
visible optical wavelengthrange(4000A from 0.4to 0.8~tni)in whichthe stabilizationis done.From
a reflection on the entranceslit/field mirror (16) of the spectrometer(cf. Fig. 1) the 4 beamsare
1~I~ll;mot~lK~, lj~rn, ~m11~. ul’7\ ‘l’h~ ~ 1~rn,11’..~.. ~ ~ ~ ~ ~,
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~ The beam(now 4 mm H 40 mm : 4 beams)is
~ reflectedby a flat mirror to the two identical

achromatictransmissionwedges(19) and (20).
-- For anydesiredoff-axis angle,up to2.5 arcminat

jill thesky, the two individually adjustablewedges
will beableto bring theselectedoff-axis field of

I\ it! view to an on-axissituationwith respectto the
~ l~ ‘ following optical systemstarting with the four

~ ~ “I smalllenses(21). Thewedgeconceptfor theoff-1 il I axis co-phasinghasthe sameadvantagesas the
sunlimb sensors(rotationof the pair of wedges

\‘ II overexactlythesameangleasthespacecraft180I ‘‘~ ‘I I degreesrotation for mappingpurposes).The 4It i mm diameterparallel beamsare focussedon 4
I I pinholesof thebeamsplitter(23) by the4 adjus-

1,20 i~ table lensescombinations(21) and (22). The
J\I ~‘ lensesareused to adjust the 4 beamsin one

direction on thepinholesof optical element(23).
Thesepinholescorrespondto afield of view atthe

- sky of 0.4 arcsec,the Airy disk of a single teles-
copein thevisible, to suppressphaseinformation

Fig. 1. Co-phasingsystem.The 4 beamsare of eventualextendedstructures.The relatively
sent through pinhole fields of 0.4” H 0.4” largefield of view reflectedatbeamsplitter(23)
(with an adjustablepointing,andafteradias- provides4 imagesto easethe pre-alignmentof
porameter).Theyarethendirectedby couples telescopesto 0.1arcsec.The4 transmittedbeams
to the Differential SynchroneInterferometers are collimated by 4 lenses(27) before being
which monitor the OPD fluctuations (and splitted into 4 combinationsof 2 beamsby the
possess,each,anadjustabledelayline). beamsplitter-prismassembly(28).

In eachof theeightbeamstransmittedby (28),apair of compensatingwedges(29) is introduced.Oneof
thewedgesin eachcombinationof two beamscanbemovedsothatthephaserelationbetweenthetwo
beamscan be adjusted.Finally the beamsof the two beamscombinationsare mixedby the 4 beam-
combiners(30), thatconsistin two cementedprisms.The2 outputbeamsaredirectedtosingle element
silicondetectors(diodes).Thesedetectors“see” theinterferencesignalsof thetwo mixedbeams.By the
displacementof thewedges(29) the “white light fringe” canbeacquired.Thestabilizationis achieved
through synchronousdetection,the wedgesbeingmodulatedata determinedfrequency.Laboratory
experimentson white light fringe patternacquisitionandstabilizationhavebeenperformed/6,7/, and
appearto be highly successful:acquisitionswereperformedata S/Nratio of only 2 in betweenthe
fringe amplitudeandthenoise.Note thathaving4 telescopesdoesn’tchangethemethodsince,into the
4 Differential SynchronousInterferometers,only two telescopesinterferometryis performed(andin
pupil plane,which relaxesthe initial co-alignmenttolerances).The techniqueis optimizedfor fringe
acquisitionandtrackingandperformancesbetterthanA/b areanticipatedatUV wavelengths.

Thedetectionis achievedin aDoubleGratingSpectrometer(DOS). Thesystemis presentedin /5/. In
thelatestversion/1/apupilanamorphosein entranceof theDOSallows toreducethebeamsopenings,
suchastoprovidecontinuousU_V to IR wavelengthscoverage.Thespectralresolutioncanbeashigh as
0.1 A (line width of mostUV lines),butthe systemis designedfornominaluseat1 A or more.

TheimagereconstructionusestheRadioAstronomyalreadydevelopedmethods,with limited changesin
thealgorithmssincethe dispersionhasbeenremovedby the DOS.Specificto theopticaldomainis the
photonnoisewhichmodifiesthenotionof independentmeasurementsascomparedtotheRadiodomain.
TheOpticalTransferFunction(OTF) of theSUN instrumentis so compact(nearly equivalenttoafull
size pupil) that, in practice,only a lineardeconvolutionis performedto weight the high andlow
frequencycontentsof theOTF. Maximum Entropydeconvolutioncould afterwardsbe appliedto the
resulting“dirty map” imagebut doesnot bring muchdueto the importantu,vplanecoverageof SUN.
B?thinstantaneousimages(with highresolutionon oneaxis)andsynthetizedimages(whichneedaone
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Fig. 2. Model (left) andimagereconstruction(“dirty map”,right) madefrom 60 interferograins
(180°rotationby 3°steps),accountingforphotonnoise,andphaseerrors.Thefield is 1 H 1 arcsec
andthemaximumflux in a single pixel (of 7 H 7 milliarcsec)is b0

5 ph/s/pix. Importantresidual
phaseerrorsof a= 30°havebeenintroduced(i.e. a A./b2 distribution of independenterrors in
betweeneach telescopeat eachrotation step which correspondsto peak-to-peakerrorsampli-
tudes,at±3 a, of X/2). Mostof the geometryandthe detailsarecorrectlyreproduceddown to
about1000ph/s/pixel.In this examplethe structurewas extended,but in caseof isolatedstructures
without “background”,thecorrectgeometryandflux canbeestimateddownto 100ph/s/pix/8/.

CONCLUSION
SUN/SIMURIS is certainlythemostprospectiveexperimentfor thestudyof thesolaratmospherefrom
theintergranularlanesandconvectivevortex in the low photosphereto thecoronalloopsfine structure
anddisruptionsabovethesolarlimb. As such,it is howeveracomplexinstrumentwhichbenefitsfrom
thelatestavailabledevelopmentsin electronics,activeoptics andimagereconstructiontechniques.All
thesecritical techniquesarecurrently being investigatedin laboratory,andthe preliminary results
obtainedaredefinitively encouragingof our capacityto built andcontrol the system.As the next
significant stepto demonstrateof the feasibility of the “interferometricmachine”,arepresentative4
telescopesbreadboardof theoverallconceptiscurrentlybeingstudied,eventuallyforaballoonflight.

SolarInterferometry,proposedforanESAMission,hasbeenacceptedforanAssessmentStudyin view
of its tremendouspotentialof problem-solvinganddiscoveries; it is expectedthatthe adventof such
possibilitiesof highspatialresolutionobservationswill be stimulatingenoughto justify a first Space
Missionbeforetheendof thiscentury.
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