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ABSTRACT

The SuperNwa/ AccelerationProbe(SNAP) is an experimentdesignedo addresfundamentauestionsconcerning
the cosmologicamodelof our universeandthe natureof its constituentslt is centeredarounda 2-m spacetelescopea
wide- eld imagercomprisedof CCD andHgCdTe devices,anda low-resolutionspectrographCross-cuttingand com-
plementarymeasuremerdpproachesvill be usedin improve the systematicaswell as statistical,uncertainties.The
baselinanissionwill obtainhigh signal-to-nois@photometricandspectroscopiobsenationsof roughly2800Typela su-
pernovaeout to redshiftl.7 andusedthosesuperneaeas“calibratedstandarcdcandles. A wide- eld gravitationalweak
lensingsuney, Typell supern@aeexpandingphotospheralistanceand stronglensingalsowill be major components
of the cosmologyprogram. The missiondesignis primarily driven by the requirementgor the next generatiorof these
experimentsafterthe plannedground-basewvork of thenext veyearshasreachedts limits. To advancethesecosmo-
logical measurement® levelsof precisionequalingthoseof the complementargosmicmicrowave backgroundsatellite
work of MAP andPLANK, it will be necessaryo controlor eliminatethe sourcesf systematiaincertaintymuchmore
completelythanwill be possiblewith otherplannedfacilities. SNAP is targetedat a level of systematiaincertaintieshat
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will make it possibleto begin to discriminatebetweentheoriesof the “dark enegy” that apparentlyis acceleratinghe
expansionof the universe. We will discusghelatestdevelopmentsn this designphaseof the project.

Keywords: Early universe—instrumentatiorttetectors—spaceehicles:instruments—supermwae:general—telescep

1.INTRODUCTION

In thepastdecadehestudyof cosmologyhastakenits rst majorstepsasapreciseempiricalsciencecombiningconcepts
andtools from astrophysicand particle physics. The mostrecentof theseresultshave alreadybroughtsurprises.The
Universes expansionis apparentlyacceleratingatherthandeceleratingas expectedsolely dueto gravity. Thisimplies
thatthe simplestmodelfor the Universe— at and dominatedby matter— appearsot to be true, andthat our current
fundamentaphysicsunderstandingf particlesforces,and elds is likely to beincomplete.

Theclearesevidencefor this surprisingconclusioncomesrom therecentsuperneameasurementsf changesn the
Universes expansionratethatdirectly shav the acceleration Figure 1 shavs theresultsof Ref. 1 (seealsoRef. 2) who
useaHubblediagramfor 42 SNewith to nd thatfor a at universe ( ),
or adeceleratiorparameter , andconstrainthe combination to

This evidencefor a negative-pressur&zacuumenegy densityis in remarkableconcordancevith combinedgalaxy
clustermeasurements,which aresensitve to , andcurrentCMB results, whicharesensitve to the curvature
(seeFig. 1). Two of thesethreeindependenieasurementandstandardn ation would have to bein errorto make the
cosmologicakonstan{or othernegative pressuralarkenegy) unnecessarin the cosmologicamodels.

Thesemeasurementsdicatethe presencef a new, unknovn enegy componenthat cancauseaccelerationhence
having equationof state . This might be the cosmologicalconstant. Alternatively, it could be that
this darkenepy is dueto someotherprimordial eld for which , leadingto differentdynamicalpropertieshan
a cosmologicakonstant. The fundamentaimportanceof a universalvacuumenepgy hassparleda urry of actvity in
theoreticalphysicswith several classef modelsbeing proposede.g. “quintessence”, Pseudo-Namip-Goldstone
Boson(PNGB)models, cosmicdefects ). Placingsomeconstrainton possibledark enegy models,Refs.1 and
12 nd thatfor a at Universethedataareconsistentvith acosmological-constamtjuatiorof statewith
(Fig. 2), or generally at95%con dencelevel. Thecosmicstringdefecttheory( ) is alreadystrongly
disfavored.

In this paper we attemptto formulatea de niti ve superneastudythatwill determinethe valuesof the cosmological
parameters&nd measurahe propertiesandtestpossiblemodelsfor the darkenegy. In 2 we identify anddemonstrate
how to minimize systematicerrorsthat fundamentallylimit the precisionwith which this probecanmeasurecosmolog-
ical parametersA supern@a datasethat maximizesthe resolvingpower of the redshift-luminosityrelation underthe
constraintof thesesystematicerrorsis constructedn 3. We presentn 4 the Supernea/ AccelerationProbe(SNAP)
(Fig. 3) whoseobservingstratgly andinstrumentatiorsuiteis tailoredto provide the datathat satisfyboth our statistical
andsystematicequirements.

2. CONTROL OF SYSTEMATIC UNCERTAINTIES

Type la superneaehave alreadyprovento be an excellentdistanceindicatorfor probingthe dynamicsof the universe.
However, aswe move towardthe eraof precisioncosmologywe recognizethatusingthe supernearedshift-luminosity
distancerelationshipfor measuringcosmologicalparameterss fundamentallylimited by potential systematicerrors.
Below areidenti ed possiblesystematicerrorsary experimentthat wishesto make maximaluseof this techniquewill
needto recognizeandlimit.

MalmquistBias: A ux-limited samplepreferentiallydetectsintrinsically brighterobjects. Attemptsto correctthis bias
rely on knowledgeof the SN la luminosityfunctionwhich maychangewith lookbacktime. A detectiornthresholdfainter
thanpeakby at least ve timestheintrinsic SN la luminosity dispersionwill comfortablyensurea completesampleof
unextinctedsuperneaeatourtargetredshiftsandallow detectiorof previously unobseredvery subluminousuperneae.

K-Correctionand Cross-Hiter Calibration: The currentdatasetof time andstretchdependenSN spectras incomplete.
Judiciouschoiceof lter sets,spectratime seriesof representatie SN la, andcross-vavelengthrelatve ux calibration
will provide errors.
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Figure 1. Thereis strongevidencefor theexistenceof acosmologicaacuumenegy density Plottedare  —  con denceregions
for currentSN, galaxycluster andCMB results.Theseresultsrule outasimple at, [ , ] cosmology Their consistent

overlapis a strongindicatorfor darkenegy. Also shawvn is the expectedcon denceregion from the SNAP satellitefor an
at Universe.

Non-SNla Contamination:Obsened superngaemustbe positively identi ed asSN la. As someTypelb andlc super
novaehave spectrahatotherwisemimic thoseof SNela,a spectruncoveringthede ning restframeSi Il 6250A feature
for every superneaat maximumwill provide apuresample.

Milky Way Galaxy Extinction: Supern@a elds canbe chosentoward the low extinction Galacticpoles. SDSSand
SIRTF obsenations,aswell asspectraof Galacticsubdvarfs,will provide preciseGalacticextinction measurements
thedirectionof supernea (1%).

GravitationalLensingby ClumpedViassinhomogeneitiealongthe supernealine of sightcangravitationally magnifyor
demagnifythesupernea ux. Largestatisticgperredshiftbin canaverageouttheincreasedrightnesslispersiorinduced
by this effect. Weakgravitational lensingmeasurementsf target elds canprovide independenimeasure®f expected
de/magni cation(2%).

Extinction by Extra-Galactic “normal” Dust: Cross-vavelength ux calibratedspectrawill measureary wavelength
dependenabsorption(1%).

Extinctionby Gray Dust: As opposedo normaldust,graydustis postulatedo producewavelengthindependenabsorp-
tion in optical bands.However, even gray dustcannotremaincompletelyinvisible, sinceit will re-emitabsorbedight

from galaxiesandQSO's andcontrituteto the far-infraredbackgroundDeeperSCUBA andSIRTF obsenationsshould
tightenthe constrainton theamountof gray dustallowed.
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Figure 2. Best- t 68%,90%,95%,and99% con denceregionsin the  — planefor anadditionalenegy densitycomponent,
characterizedby an equation-of-state . (For Einsteins cosmologicalkonstant, .) The t is constrainedo a at
cosmology( ). Also shawn is theexpectedcon denceregion allowed by SNAP assuming and

Although physicalgray dustgrain modelsdim blue andred opticallight equally thenearIR light ( 1.2 m)is less
affected. Cross-vavelengthcalibratedspectraextendingto wavelengthregionswhere“gray” dustis no longergray will
characterizéhe hypotheticalarge-graindust's absorptiorproperties Armedwith the extinction— colorexcessproperties
of the gray dust, broadbandhearinfrared colors can provide “gray” dustextinction correctionsfor supern@ae out to

at controlledSN-explosionepochs.

It shouldalsobenotedthatreasonabldistributionsof graydustwill notmimic cosmologyHubblediagrams.
For example, , gray dust modelsand , no gray dust modelswhich are both consistentwith current
superneadataareexpectedo divergeat higherredshifts to the 50 standard-deation level at redshiftsbeyond
(2%).

UncorrectedEvolution

Superneabehaior maydependon propertiesof its progenitorstaror binary-staisystem.Thedistribution of thesestellar
propertiess likely to changeover time—"evolve”—in a givengalaxy andover a setof galaxies.NearbySNela dravn
from a wide rangeof galacticervironmentsprovide an obsered andcorrectablesvolutionaryrangeof SNela. So
far, it appearghatthe differenceghathave beenidenti ed arewell calibratedby the SN la light curve width-luminosity
relation. It is not clearthatarny additional,more subtleeffectsthat may exist would changethe peakluminosity of the
SNela.



Ourphilosophyin boundingpossiblesuperneaevolutionis asfollows. Single-parametearorrectionshavereducedhe
dispersiorin peak supern@abrightnessedown to 10%in currentdata. Thereis strongevidencethattwo parameters
canfurtherreducethatdispersion As of yet, thereis no evidencefor systematicgesidualsat the 2% level aftercorrection,
althoughobsenational errorswould obscuresuchan effect. We expectthat upcominglow-redshiftsupernea suneys
will exposefurther heterogeneityf Type la supern@ae and perhapseven improve our calibratedcandle. Theoretical
modelscanidentify obsenablesthat are expectedto display heterogeneity But the stateof empiricalunderstandingf
theseobsenablesatthetime SNAP ies will beexplicitly testedoy SNAP measurements.

In particular we demandsensitvity to theeffectsof evolution onthepeakbrightnesso 2%, to matchtheuncertainties
dueto the othersystematierrors. Thesekey featuresjndicative of the underlyingphysicsof the supernea, are:

Risetimefromexplosionto peak: Therisetimeto peakis anindicatorof opacity fused Ni massandpossibledifferences
in the Ni distribution. Ref. 15 nd thata 0.3 daysuncertaintycorresponds$o a 3% brightnessconstraintat peak. This
accurag requiresdiscoverywithin - 2 daysof explosion,on averagej.e. 30 fainterthanpeak.

Plateaulevel 45 dayspastpeak: Thelight curve plateaulevel thatbegins 45 dayspastpeakis animportantindicator
of the C/O ratio of the progenitorstar andfused Ni. A 10% constrainton this plateaubrightnessorresponds$o a 2%
constrainonthe peakbrightness. This accurag requiresa signal-to-noiseatio of 10 for photometryl3 fainterthan
peak.

Ovenll light curvetimescale: The “stretchfactor” that parameterizethe linear stretchingor compressiorof the light
curve time scaleis affectedby almostall the aforementionegharametersinceit tracksthe SN Ia's evolution from early
to latetimes. It is closelycorrelatedwith the two previously mentionedobsenables,which focuson detailsof the light
curve timescale andit ties this experiments controlsfor systematicdo the controlsusedin the previous ground-based
work. A 1.5%uncertaintyin the stretchfactormeasuremerdorrespondso a 2% uncertaintyat peak.

Spectal line velocities: The velocitiesof several spectralfeaturesthroughoutthe UV and optical make an excellent
diagnosticof theoverallkinetic enegy of the SNela. Thekinetic enegy directly in uencesthe overall shapeof thelight
cune. If thevelocitiesareconstrainedo 500kms thenthe peakluminosity canbe constrainedo 2% uncertainty
atpeak, givenatypical SNela expansionvelocity of 15,000km s

Spectal Featue Ratios: Theratiosof variousspectrafeaturesn therestframedJV arestrongindicatorsof themetallicity
of the SNela. By achiezing a reasonablsignal-to-noisgerwavelengthbin we will beableto constrainthe metallicity
of theprogenitorto 0.1 dex (cf. Ref. 16).

We alsonotethat the ratios of spectralfeaturesin the restframeoptical (Call H&K andSi Il at 6150 A) provide
additionalconstrainton theopacityandluminosityof theSNla.  Thesefeaturesareeasilyobsenedgiventhevelocity
measurementmentionedabove. By measuringall of thesefeaturesfor eachsupern@a we cantightly constrainthe
physicalconditionsof the explosion,makingit possibleto recognizesetsof superneaewith matchinginitial conditions.
The currenttheoreticaimodelsof SN la explosionsarenot sufciently completeto predictthe precisduminosity of each
supernea, but they areableto give theroughrelationshipbetweerchangesn the physicalconditionsof the supernwae
(suchasopacity metallicity, fusednickel mass,andnickel distribution) andchangesn their peakluminosities. We can
thereforegive the approximateaccurag neededor the measuremerdf eachfeatureto ensurghatthe physicalcondition
of eachsetof superneaeis well enoughdeterminedsothatthe rangeof luminositiesfor thosesuperneaeis well below
the systematiancertaintybound( 2% in total).

In additionto thesefeaturesof the supern@aethemseles,we will alsostudythe hostgalaxyof the supernea. We
canmeasureghe hostgalaxyluminosity, colors,morphology type, andthe locationof the supern@a within the galaxy
evenatredshifts . Theseobsenationsarenot possiblefrom the ground.

3. SUPERNOVAE AS A PROBE OF THE DARK ENERGY

Our primary scienti ¢ objectie is to usemostef ciently theleverageavailablein the redshift-luminositydistancerela-

tionshipto measurdghe matteranddark enegy densitiesof the universewith small statisticalandsystematicerrors,and
alsotestthe propertiesandpossiblemodelsfor the darkenegy. We thusdetermineghe numberof superneaewe needto
nd, how they shouldbedistributedin redshift,andhow preciselywe needto determineeachone’s peakbrightness.



Figure 3. A cross-sectionaliew of the SNAP satellite. The principal assemblycomponentsrethe telescopepptical bench,instru-
ments propulsiondeck,bus,andthermalshielding.

The intrinsic peak-brightnesslispersionof SNe la after light-curve shapeand extinction correctionis 10%. In
practice the obsened brightnesdispersioncanincreaseasmuchas 15% at the highestredshiftsdueto gravitational
lensing,dependingon the exact natureof the lenses. So statistically thereis no needto measurethe correctedpeak
brightnesdo betterthan 10%. Giventhelimitationof 2%systemati@rrors,weshouldobsereatleast

supern@aefor eachredshiftbin of interest.We considerthis numberto be a lower bound;dueto the valueof using
supern@a subsetsn performingsystematiachecks(e.g. comparingsetsof like supernwae,bootstrapanalysis,useof
independentalibratorsyn evenlargerdatasamplewould be extremelyvaluable.

The importanceof using superneae over the full redshiftrangeout to for measuringthe cosmological
parameterss demonstratedh Fig. 4 which shaws the statisticaluncertaintyin the cosmologicalparameters ,

, andthe equationof stateratio of thedarkenegy, , asafunctionof maximumredshiftprobed. We assume®366
supern@aein therange with a distribution scaledfrom the distribution. Eachsuperneais
givenanindividual statisticaluncertaintyof 15%arisingfrom anintrinsic dispersiorof =~ andanobsenredstretchand
color correctedpeakbrightnessuncertaintyof 10%. Fromthis gure we concludethe following: 1) using SNela that
extendto redshiftsof andhigherhelpsin obtaininghigheraccurag becaus@necoversalargerinterval of “action”
of the darkenepgy, and?2) goingto redshiftsmuchhigherthan is not usefulbecauselark enegy's contrikution to
the enegy-densityis nggligible for . However, the SNebeyond areextremelyvaluablefor testingmodelsof
SN evolution andgrey dust,especiallywith simultaneou$NIR measurements.

Although currentdataindicatethat an acceleratingdark enegy density—perhapshe cosmologicalconstant—has
overtalenthe deceleratingnassdensity they do nottell usthe actualmagnitudeof eitherone. Thesetwo densityvalues
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Figure 4. Accuray in parametelestimationas a function of maximumredshift probedin SN la suneys. Shawn is the statistical

uncertaintyin thedeterminatiorof thecosmologicaparameters , ,and (upperpanelknonvledgeof assumedandequation
of stateratio  (lower panel; at Universeassumedgachasa function of maximumredshift probed . Approximately 2400
supernwgaedistributedfrom to areassumedhn eachcasewith statisticaluncertaintie®nly. Exploringredshiftsbetween
and isoptimal,sincethisis wheremostof thedarkenepgy actionoccurs.Goingto redshiftsbeyond would bring very little

improvementin parametedeterminatioraccurag, asthedarkenepy is expectedo bedynamicallyunimportantat suchhigh redshifts.
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aretwo of the fundamentaparametershat describethe constituentof our Universe,and determineits geometryand
destiry. The proposedsatelliteprojectis designedo obtainsufcient brightness-redshiftiatafor a large enoughrange
of redshifts( ) thattheseabsolutedensitiescaneachbe determinedo unprecedentedccurayg (seeFig. 1).
Takentogetherthesumof theseenegy densitieshenprovidesameasuremertf thecurvatureof theUniverse. Assuming
that the dark enegy is the cosmologicalconstant this experimentcan simultaneouslydeterminemassdensity to
accurag of , cosmologicalconstantenegy density  to and cunature to . The
expectedparametemeasuremerrecisiondor thisandothercosmologicabcenariosaresummarizedn Tablel.

The proposedxperimentis oneof very few thatcanstudythe darkenegy directly, andtesta cosmologicakonstant
againsilternatve darkenegy candidatesAssuminga at Universewith massdensity =~ andadarkenegy component
with anon-evolving equationof state the proposedxperimentwill be ableto measurghe equationof stateratio  with
accurag of (for constant ), atleasta factorof ve betterthanthe bestplannedcosmologicalprobes,including
systematie@rrors. With suchastrongconstrainbn  wewill beableto differentiatebetweerthe cosmologicaton-
stantandsuchtheoreticaklternatvesastopologicaldefectmodelsandarangeof dynamicalscalar eld (“quintessence”)
particle-physicenodels(seeFig. 2). Moreover, with dataof suchhigh quality onecanrelaxtheassumptiorof theconstant
equationof state,andtestits variationwith redshift,aspredictedby mary theoriesincludingsupegravity andM-theory
inspiredmodels. Thesedeterminationsvould directly shedlight on high enegy eld theoryand physicsof the early
Universe.

It is importantto notethatothercosmologicameasurementreandwill beavailable,providing complementaritand
crosscomparison.The simultaneoust canimprove constraintdy asmuchasanorderof magnitude- or they maynot
agreeandupsetour cosmologicalinderstanding.

To accomplisha rigoroustestdiscovery and study of more supern@aeand more distantsuperneae(or ary probe)
is insufcient. We mustaddressachof the systematicconcernsrequiringa major leap forward in the measurement
techniquesThesciencegoalshave thusdrivenusto the satelliteexperimentthatwe describean the next section.

4. PROPOSEDEXPERIMENT
4.1. Instrumentation

Thebaselingroposedatelliteexperiments composeaf asimple,dedicatedombinatiorof a2.0-metetelescopéhree-
mirror-anastigmata 1-square-dgreeoptical — NIR imageranda low resolution(R 75) spectrograplsensitie in the
wavelengthrange3500— 17000A. Themirror aperturds aboutassmallasit canbebeforephotometryandspectroscop
at the requisiteresolutionis no longerzodiacal-light-noisdimited. A smallermirror designwould quickly degradethe
achievablesignal-to-noisef the spectroscopmeasurementsnddrasticallyreducethe numberof superneaefollowed.
The 1-square-dgreewide eld is obtainedwith athree-mirrortelescopeanda feedbackoop basedon fast-readouthips
on the focal planeto stabilizethe image. The eld of view for the imagerhasbeenoptimizedto obtainthe follow-up
photometryof multiple supern@aesimultaneouslya smaller eld would requiremultiple pointingsof thetelescopeind
againwould greatlyreducethe numberof superneaethat could be followed. The spectrograpltoversthe wavelength
rangenecessaryo captureover the entiretargetredshiftrange,the Si Il 6150A featurethatbothidenti es SNela and
providesa key measurementf the explosionphysicsto probethe progenitorstate.

Ourbaselinecon guration(Fig. 5) is athree-mirroranastigmain which thetertiarymirror re-imagesnintermediate
Cassgrain focus onto the detectorplane. This con guration hasbeenanalyzedby Ref. 20,21, andis the fth design



presentedy Ref. 22. This opticaltrain achievesalarge at focal surfacewith acceptablémagequality without the use
of refractive correctors. As with otheranastigmatsit is free from sphericalaberration,comaandastigmatism.There
arefurther practicaladvantagego this con guration: bafing againststraylight is simplerandthe focal planeis more
accessible.lt possessesvo beamwaists: one at the Cassgrain focus nearthe primary mirror, anda secondmidway
betweerthe tertiary mirror andthe detectomplane. This secondwaistis small,andis an effective locationfor our CCD
shutter This optic deliversa root-mean-squarignageblur of 3 microns(0.03”) over aworking eld of view extending
outto 42 off thegeometricabxis.

Figure 5. Sideview of our baselineoptical con guration, with a 2.0 meterprimary mirror, a 0.45metersecondarymirror, a folding
at, anda 0.7 metertertiary mirror.

Thewide elds of view of theimagersallow simultaneou®atchdiscosery andphotometryof SNe/yeamwith
the proposedaccurag. (The eld of view is slightly overscopediueto the large uncertaintyin high-redshiftsupernea
rates.) Even highernumbersof moredistant,lesspreciselymeasuregupern@aewill be availablein our dataset. The
wide- eld imagercoversthree-quartersf anannularl squaredegreepatchof sky with a mosaicof new technologyn-
type high-resistvity CCD's thathave high quantumef ciency for wavelengthsbetweer0.3and1.0 microns. Each
of the 3k 3k CCD's have 10.5 m pixels which give 0.1 per pixel with readoutnoiseof 4e anddark currentof

. Theremainingquarterof theannuluds coveredby anarrayof 25 HgCdTe detectorswe will use
commerciallyavailable2k 2k, m cutoff deviceswith 18 m pixels,high( %) quantumef ciency, low (
min pixel ) darkcurrent,and4e readoutoise.

Fixed Iters areplacedon eachdetector arrangedn the focal plane suchthat eachpieceof sky will be obsered
in each lter with a shift and staremodeof operation(Figure 6). The relative areasof each Iter are proportionalto
the exposuretimes neededor the supernea obsenations. The imagerwill run a concurrentsearchand follow-up of



supern@aeoverthe entireredshiftrange in wavelengthdetweer0.35and1.7 microns.

Figure 6. The CCD mosaiccamerais tiled with 1323k 3k high-resistity CCD's and25 HgCdTe detectorsand coversone square
degree.Theannularshapds necessaryn a simplethree-mirroranastigmatelescopalesign.

The spectrographelieson an “integral eld unit” (IFU) to obtain an effective imageof a 2 eld, split into
approximately0.1 by 2 regionsthatare eachindividually dispersedo obtaina ux at eachpositionandwavelength
(sometimesalleda three-dimensiondidata cube”). A prism providesa high-throughputlispersie elementthat makes
possibleobsenationsof supern@aewith brightnes3.86magnitudest m (ontheVegasystem)with
a 2-m aperturetelescope.The broadsupernea featuresaccommodat¢he low dispersiorandthe decreasingesolution
for increasingwavelengthsnaturallyfollows the featurebroadeningat higherredshifts. The detectoris a singlethinned
HgCdTe chip (whosetechnologyis in developmentor the NGST)thatwill provide high quantumef ciency from

m. In operationtheintegral eld unitwill allow simultaneouspectroscopof asuperneatargetandits surrounding
galacticervironmentithe2 by2 eld of view alsoremovesary requirementor precisgpositioningof asuperneatarget
in atraditionalspectrograplslit andsimpli es eventualreferencegalaxysubtraction.This pointis particularlyimportant
for absoluteux calibration,becausall of thesupernealight is collectedwith theintegral eld units. The spectrograph
is thusdesignedo allow useof the spectrao obtainphotometryin ary “synthetic” lter bandthatonechooses.

4.2.Obsewation Strategy and BaselineData Package

This instrumentatiorwill be usedwith a simple,predetermine@bservingstratgy designedo repeatedlymonitora 20-
square-dgreeregion of sky nearthe northandsouthecliptic poles,discoreringandfollowing supern@aethatexplodein
thatregion. Every eld will bevisitedfrequentlyenoughwith sufciently long exposureghatatary givenredshiftup to

every supern@awill be discoveredwithin, on average two restframedaysof explosion. (Superne@aeat much



higherredshiftswill befoundslightly laterin theirlight curverisetimes.) The periodicobsenationof x ed elds ensures
thatevery supernoaat will befollowedasit brightensandfades.

Thewide- eld imagermakesit possibleo nd andfollow with precisionphotometryandspectroscopapproximately
2500SNelain ayear The2.0-metempertureof themirror, alongwith highthroughputNIR instrumentsallow thisdataset
to extendto redshift

This prearrangedbservingprogramwill provide a uniform, standardizedcalibrateddatasetfor eachsupernea,
allowing for the rst time comprehensie comparisonsicroscompletesetsof supernwae. The standardizedatasetvill
comprisethe following stratgiesandmeasurementhatwill addressandoften eliminate,the statisticalandsystematic
uncertaintieslescribedn 2.

Blind searching.
Batchprocessindunbiasedsearching).
SNela at
SNela per0.03redshifthin.
Spectrunfor every superneaat maximumcoveringtherestframeSi Il 6250A feature.
Spectratime seriesof representatie SN la with cross-vavelengthrelatve ux calibration.

A light curve sampledatfrequent standardizeéhtervalsthatextendsfrom  2-80restframedaysafterexplosionto
obtaina stretchandextinction-correctegeakrest-frame brightnesgo 10% (sameorderasthe Typela intrinsic
dispersion).

Multiple color measurements up to 12 bands,includingrest-frame and bands,at key epochson thelight
curve.

Final referenceamagesandspectrao enablecleansubtractiorof hostgalaxylight.

Thequality of thesemeasurements asimportantasthetime andwavelengthcoverage sowe require:

Controloversignal-to-noiseatio for thesephotometryandspectroscop measurementsp permitcomparablyhigh
statisticalsigni cancefor supern@aeover a wide rangeof redshifts.

Controlover calibrationfor thesephotometryandspectroscop measurementsyith constanimonitoringdatacol-
lectedto ensurghatcross-instrumerdndcross-vavelengthcalibrationremainstableovertime.

Note thatto dateno single SN la hasever beenobsened with this completeset of measurementgitherfrom the
groundor in spaceandonly a handfulhave a datasethatis comparablythorough.With the observingstratayy proposed
here,everyoneof 2000followedSN la will have this completesetof measurements.

The satelliteinstrumentatiorand obsenation stratey is designedo provide the precisioncosmologicalmeasure-
mentssummarizedn Tablel with comprehensie control of statisticalandpreviously identi ed or proposedsourcesof
systematiaincertainty Simulationsshav thatsystematierrorsmustbelowerthan 2%in orderto achieve thesescience
goals.In turn, photometrianeasuremenisf eachpointonthelight curve aretunedsothatshapeandextinction corrected
peakbrightnessesf individualsupern@aeareknownto 10%,thesameorderof magnitudeastheirintrinsic dispersion.
Large numberg( ) of supern@ain eachredshiftbin thenreducethe statisticaluncertaintiesoward the systematic
limit.

Eachsystematiavill eitherbemeasuredsothatit canbecomepartof the statisticalerrorbudget,or boundedln addi-
tion thecompletenesef the datasetvill maleit possibleto monitorthe physicalpropertiesof eachsuperneaexplosion,
allowing studiesof effectsthathave notbeenpreviouslyidenti ed or proposed.



5. CONCLUSION

Thesurprisingdiscoveriesof recentyearsmake thisafascinatingnew eraof empiricalcosmologyaddressingundamental
guestions. This proposedsatellite project presentsa unique opportunityto extendthis exciting work and advanceour
understandin@f the Universe.The origin anddestiry of the Universeareextraordinary intriguing questionswe live at
atime whenwe canbeginto nd answers.
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