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ABSTRACT

SIMURIS is an interferometricinvestigationof thevery finestructureof the solaratmospherefrom the
photosphereto thecorona.It wasproposedto ESA /1/,November30 1989,for theNext Medium Size
Mission— M2, andacceptedin February1990for an AssessmentStudyin thecontextof the Space
Station.Themain scientific objectiveswill beoutlined,andtheambitiousmodelpayloadfeaturingthe
Solar Ultraviolet Network(SUN), a 2 m long monolithicarray of 4 telescopesof 020 cm, andthe
Imaging Fourier Transform Spectrometer(IFTS), an UV andVisible ImagingFourierTransform
Spectrometercoupledto a040 cmGregory,described.

MISSION OBJECTIVES

SIMURIS, as averycompleteObservatoryMission, will addressmostof thequestionsstill, andoften
for long, left unansweredon the solaratmosphere.It will primarily useobservationsof thevery fine
structure,i.e. will getdirectevidencesof thestructuringof theatmosphereby magneticfields.
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causeandrepresent.Resolvingthem at their own physical scalesis feasibleon the Sun but not
elsewherein thecosmosandis a mustfor interpretingdynamicalphenomenaobservedthroughoutthe
universewith physicalratherthanphenomenologicalinsight.As is well-known,theseinhomogeneities
havehorizontalstructurallengthsmuchsmallerthan 1000 km. For example,detailedanalysisof the
transitionregion C IV lines/2/led to anticipatesingle flux tubesradii in the range3 to 30 km.And,
thoughtheultimategradientscaleacrossacoronalloopmight in principlebe25 cm (ion gyroradius),it
will probablybe smearedout by plasmamicro-instabilities(suchas drift waves),and the relevant
minimumobservablescalewhichjustifies the currentinstrumentaldesignof SUN is morerealistically
of theorderof 10km (which alsocorrespondsto thephotonmeanfreepathin thechromosphere).

The high spatialandspectralresolutionsof SIMURIS will enableus to observestructuresandevents
associatedwith magneticactivity on variousspatial,spectralandtemporal scalesand, thus, will
significantly contributeto the understandingof: thephysicsof coronalloops,theplasmaheatingand
thermalinputsof flaresandmicroflares(flarekernels),thefine magneticfield structuresin theUV and
in thevisible (flux tubes)and,also, thedynamicsof granulation(e.g. magneticvortex).

UV filtergramsof 0.01 arcsecspatialresolution(10 km on the Sun) will beobtainedwith theSolar
Ultraviolet Network(SUN) with 0.1 to 100 A spectralbandwidth; in the visible, spectralresolutions
up to 60 mA allow to measuremagneticfieldsdirectly. The ImagingFourier TransformSpectrometer
(IFFS) will providehighspectralresolutionsimultaneouslyin selectedUV or visible lineson a 10 x 10
arcsecfield (andwith 0.3 arcsecspatialresolution):it will give 3D velocity fields informationin the
solaratmosphere.

TheSIMIJRIS Missionis primarily intendedto performin theultraviolet wheremostof theinteresting
lines of the high chromosphere,transition zoneandcoronaare formed. As suchit coverswithout
interruptiontheUV rangefrom the C III line at 1175 A to the Magnesiumline at2803 A. This range
providesusalsovaluablephysicaldiagnosticsof theplasmadensityby useof line ratios(cf. Table 1).
Both the majorinstruments,SUN & IFI’S, alsoaccessthevisiblerangeforvelocity diagnosticson the
photosphericlines(in addition SUNmeasuresdirectly themagneticfield in theFabryPerotchannel).

TABLE 1 Line pair examplesfordensityandtemperaturediagnosticstudies

Line Wavelength(A) Ne(electronWcm3) Te(K)
Si VIII 1445/1440 1.0 i07 — 1.0 ~ 7.9 i0~
SX 1213/1196 2.0 108_2.01010 1.2 106
CIII 1247/1175 1.0 ~ 1010 70000
Si III 13 12/1301 1.0 ~ — 1.0 1011 35 ~~JØ
OW 1407/1405 3.0 10~—3.01011 1.210~

MISSION CONTEXT

SIMURIS,proposedto ESAin November89, wasacceptedfor anAssessment Studyin February1990,
in thecontextof theSpaceStationprogram.It is intendedto perform from theSpaceStationEuropean
Pointing System (EPS).The EPS (previouslyIPS, InstrumentPointing System,a2 m in diameter
pointedplatform)hasbeenflown on Spacelab2with measuredperformancesof pointing stability and
accuracyatthe1 arcseclevel /3/. Modificationsto install it on theSpaceStationarecurrentlyaddressed
by ESA,andanimprovedelectronicsandcontrol systemis understudyanddevelopment.TheEPSon
theSpaceStationshouldprovidestability andaccuracyperformancesof 0.35arcsecor better.

Onemajor advantageof theEPSwhich makesthis platform uniquefor the SIMURIS Mission is its
capacityto turn aroundits line-of-sight. Througha 180°rotation (3°/srate), theEPSallows theSUN
instrumentto synthetizean imagein 1 mm. The EPSis currentlythe only plannedlargepointing
systemof the SpaceStationandESA/NASA discussionsareunderwayfor its implementationas ajoin
facility as soonas 1998.
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but also for thecomplementaryinstrumentswhich associatea largefield of view with ahigh spatial
resolution,theseconsiderationsareof primeimportance.

MODEL PAYLOAD

The model payloadis summarizedhereafter,but more detailedpresentationsof the two major
instruments(SUN& IFTS) canbe foundin this issue/4,5/(adetaileddescriptionof SUN is alsogiven
in /61). In Table2 theinstrumentsgeneralcharacteristicsarebriefly indicated.

S1J~Iis afully stabilizedinterferometricconceptin whichboth thepointingandthephasein between
distanttelescopesarecontrolledactively. TheSUN telescopesare20 cm in diameter,positionednon-
redundantlysuchas to covera2 m baseline.The highresolutionperformances(10 km - 0.01 arcsec
on a4 x 4 arcsec2field on the Sun)arecompletedby an uninterruptedwavelengthcoveragefrom the
C III line at ?~1175 A to the near infrared at 9000 A, thanksto a triple stage“double grating
spectrometer”which, moresimply, couldbe calleda tunableUV monochromator.Thisquite complex
focal instrumentfor thedetectionis imposedby the needto reconstructimagesfrom interferogramsby
aperturesynthesis,somethingimpossibleup to now in dispersedlight, at leastwith the current
availablesoftwarefrom radio astronomy.An exampleof imagereconstructionis reportedin /3/.
Specificto theopticaldomain is thephotonnoiseandthe largeinfluenceof theresidualphasedefects
on thefinal imagequality.The compactconfigurationselectedfor SUN allowsa directdeconvolution,
i.e. excellentimaging since the Optical TransferFunction of the systemis without “holes” (it is
continuousin thespatialfrequenciesdomainallowingdirect division withoutproblemswith “zeros”).
This is aprerequisitefor imagingof complexandextendedobjectssuchasthe solaronesconsidered.As
little as 100to 1000pWpixel/sarenecessaryfor very decentimaging with 0.01 arcsecresolution.

IEI~is aUV FTS intendedto work from thefar UV (Lymanaor C III line, alike SUN) to thevisible,
in two distinct channelsaccessiblealternativelly by flip-in mirrors (for visible access).The IFFS
systemconsistsin a40 cm Gregorytelescopefeedingadoublegratingpre-dispersivespectrometer(of
the SUN type), before the collimatedoutput can enterthe FourierTransformSpectrometerpart. It
provides,on a 10 x 10 arcsecfield, afull spectrumwith a minimum resolvingpowerof 50000 in
selectedbandpassof 1 to severalA aroundselectedlines or continua;the spatialresolutionis 0.3
arcsec.Themajor advantageof theIFTS comparedto a classicalgratingspectrographis the axial
symmetryof the Michelson design allowing an imageto be formed. The IFTS itself is of a
classicaldesign(cf. /7,5/for further detailson UV FFS designandperformances)to theextentof its
requiredprecisionsandopticalcomponentswhichhavetobeupgradedfor far UV access.

TheComplementaryInstruments(Table2) arenow “classical” instrumentsof asolar physicspayload,
to theexceptionof theC IV FabryPerot Imagerwhich will needsomefurther developments(which
will beaddressedduring 2 acceptedNASA Rocketflights in the framework of the Solar Plasma
DiagnosticsExperimentprogram/81). Theseinstrumentswill complementglobalstudiesby their wide
field of view, but they will alsoincreasethe temperaturecoverageup to the hot corona.They will
benefitfrom thehigh telemetryrateof the SpaceStationandwill thereforereachspatialresolutionsof
theorderof onearcseceventhoughcoveringthefull Sunatonce.

CONCLUSION
SIMURIS will providehigh spatialandspectralresolutionsfrom thephotosphereto thecoronain order
to addressfundamentalsolar (and stellar)physicsissues: plasmaphysics,magneticfield confinement,
heatingtheoriesof thecorona,flaresand micro-flares,convection,etc... All the spatialscalesof the
observedsolar structuresare coupledto small scaleprocesseslinked to the discontinuitiesand
constraintsin themagneticfield. And from the understandingof theorigin, evolutionanddecayof the
hypertinestructure,we will begivento understandthelargerscalephenomena,namely : activeregions
andcoronalloops,flares,prominences,granulation,convectionflowsandshocks.
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TABLE 2 TheSIMURIS Model Payload

SUN UV section Visible Section(s)
Spectralrange 1175—2850A 250-480;480-500;500-900(run)
Spectralresolution 0.1 A to 100A 0.12A (60mA withaddedFP)
Spatialresolution 0.013arcsec 0.03” (250am)— 0.09” (900am)
Smallfield size(detector1) 4 x 4 arcsec2 4 x 4 arcsec2
Large field size (detector 2) 30 x 30 arcsec2 30 x 30arcsec2
Collectingarea(4 teles. 020 cm) 1040cm2 1040cm2
Effective focal length 412 m 160m
Detector1 (minimum size) 540 x 110(8.1 x 1.6 mm2) 540 x 110(20 x 4mm2)
Deterctor2 (minimum size) 540 x 110(12 x 2.4 mm2) 540 x 110(30x 6mm2

)

Optics : 4 Cassegraintelescopes+ double grating spectrometer+ FabryPerot (visible channel)
IFTS _________________________________________________
Spectralrange 1200—2800A 2500—S000A
Spectralresolution � 50000 )../EsX� 1O~
Spatial resolution 0.3 arcsec 0.3 arcsec
Field size 10 x 10 arcsec2 10 x 10 arcsec2
CCD detector 60 x 60 pixels 60 x 60pixels
Collectingarea(telescope040 cm) 1180cm2 1180cm2
Optics : FoldedGregorytelescope+ doublegrating spectrometer+ Fouriertransformspectrometer

Complementary SoftX-ray/EUV Multilayers ImagingFabry Perot UV Filtergraph
Instrumentation Telescope(EMT) Interferometer(IFPI) Camera(UVFC)
Spectralrange 44, 130,170,195,284,304A 1533,1550,1580A 1216—2200A
Spectralresolution 20—50 � 8 A 25
Spatialresolution — I arcsec 0.5arcsec — I arcsec
Field of view 40 arcmin 20 arcmin 40 arcmin
Collectingarea 45cm2 80 cm2 80 cm2
Effectivefocal length 2.5m 2.5m 2.5m

SolarInteiferometry,whichwasproposedto ESA fora Mission,hasbeenacceptedforanAssessment
Study;it hasatremendouspotential of problem-solvinganddiscoveriesandwehopethat theshort
descriptiongiven will stimulate the solar physicists towardsthe new possibilitiesof ultrahigh
resolutiondiagnosticstheymight nothadeventhoughtof before,andwhichcouldbereality by theend
of this century.
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