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Abstract.

The Dark Enegy Surwey (DES)is a proposeds-year 5000deg? opticalimagingsunwey, to 24th
magnitudein the SDSSgriz bandsthatwill usea new wide-field 3 deg? mosaicCCD cameraon
the Blanco 4m telescopeat the Cerror Tololo Inter-AmericanObsenatory (CTIO). The primary
scientificgoal of the DESis to probethenatureof darkenegy usingfour complementarynethods:
galaxy clusters,weak gravitational lensing,galaxy angularcorrelations and Type la superneae.
For eachof thesemethodsthe DES shoulddeterminethe dark enegy equationof stateparameter
w with a statisticalprecisionof about5-15%, assumingconstantw but without strongpriors on
othercosmologicaparametersBy deriving darkenegy constraintaisingfour complementargets
of measurementnadefrom the samedatasetandwithin a commonanalysisframework, we will
obtainimportantcrosschecksf our systematicerrorsandtherebymale a substantialnd robust
adwancein the precisionof darkenegy measurements.
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INTRODUCTION

In responsdo the National Optical Astronomy Obsenatory (NOAO) Announcement
of Opportunityfor Blanco InstrumentatiorPartnership,we have proposedbuilding a
new wide-field correctorand 3 deg?, 62-CCD mosaiccamerafor the CTIO Blanco
4m telescopeWe plan to usethis Dark Enegy Camera(DECam)to carry out the
Dark Enegy Suney (DES), a 4-bandgriz imaging suney of 5000deg? in the South
GalacticCap.The primary scientificgoal of the DESis to studydarkenegy usingfour
independenandcomplementaryechniquesfrom eachof which we expectto measure
thedarkenegy equationof stateparameterw, to a statisticalprecisionof about5-15%.
NOAO hasacceptedhe DES proposalfor partnershipandif we are fundedfor this
project,we will be awarded30% of the observingtime at CTIO over a five yearperiod
from 2009-20130 conductthe surwey.

DARK ENERGY SURVEY SCIENCE

Dark enegy hasbeenlabeledasoneof the mostimportantareasof scientificstudyfor
thenext decadeEvidencefor darkenegy camefrom the surprisingobsenationthatthe
expansionof the universeis acceleratinga conclusiondravn from the measurements
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of distantType la superneae[6, 7]. Otherindirect evidencefor dark enegy hasalso
comefrom the CMB temperaturenisotrofy — which pointsto a spatiallyflat universe
— and from large-scalestructureand galaxy clusters,which constrainthe density of
matter (mostly dark) to about30% that of a flat universe.Thesestudiesindicate that
the remaining70% of the enegy densityof the universeis comprisedof dark enepy,
with equationof stateparametemw < —0.75. While evidencemountsfor a picture of
theuniversethatis now dominatedoy darkenegy, moreprecisemeasurementsf w are
neededo helppin down the natureof darkenegy andto constraintheoreticaimodels.
The extensize 5000deg? of DESimagingdatawill be usedto constraindarkenegy
throughfour differenttechniques(1) galaxyclusters;(2) weaklensing;(3) galaxyan-
gularpower spectrumand(4) Type lasuperneae. The DESwill collect30,000galaxy
clustersout to redshiftsz= 1 andabove. In particular the DES areais choserspecifi-
cally to overlapthe planned4000deg? Suryaer-Zel'dovich effect (SZE) clustersurvey
to be carriedout by the SouthPole Telescopd3], andthe DES will provide accurate
photometricredshiftsfor the bulk of the SPT clusters.Independenbptical and SZE
clusteridentificationandmassdeterminatiorfrom the DES and SPT, respectiely, will
provide a meansto understanagsystematiauncertaintiesThe otherthreemeasurement
techniqueswill alsoyield dark enegy constraintscomparableo that from the cluster
sunwey. Theweaklensingstudywill measurdothcosmicshearandgalaxy-sheacorre-
lations, for aneffective surfacedensityof about10 galaxies/arcmifioverthe 5000deg?
DES area.The angluarpower spectrummeasurementaill probegalaxyclusteringfor
some300million galaxiesbinnedin photometric-redshifshellsoutto z~ 1. Finally, a
time-domainsurvey of a 40 deg? areawithin the DESwill obtaina sampleof ~ 2000
Type la supern@ae, at redshiftsz ~ 0.3 — 0.8, which shouldprovide the largestsuch
samplefor study by the time the DES is completed We expectthat by combiningall
four measuremenechniquesandincludingtheability to correlatewith the SZE cluster
datafrom the SPT, the DESwill provide powerful new constraintson the natureof dark
enegy. The DES will be animportantscientificandtechnicalprecursorto ambitious
futuredarkenegy experimentdike LSSTandJDEM. Pleaseseethe DES white papers
for a detaileddiscussiorof the DES dark enegy experimentalmethodscosmological
parameteconstraintsandtheoreticakchallengesif4, 1].

DARK ENERGY SURVEY INSTRUMENT

As describedn moredetailin [4], theDESinstrumen{DECam)includesalargemosaic
cameraa wide-field optical corrector four filters, andthe associateanfrastructurefor
operationat the 4m Blanco telescope.The cameraand correctorwill be assembled
into a barrel-shapedtagethat attachesto the telescopeat the prime focus through
supportingstruts.Our referencalesignopticalcorrectorconsistof five elements fused
silicalenses which producean urvignetted2.2 diameterfocal plane,andwhich also
contribute < 0.4” FWHM to the point spreadunction. We arenow actively engagedn
furtheroptimizingandfinalizing our opticsdesign.

TheDECamfocal planeconsistf 62 2K x 4K CCD moduleg0.27"/pixel) arranged
in a hexagoninscribedwithin the 2.2° diameterfield of view. The areaof the hexagon
relevantfor tiling the sky is 3 deg?. Additional focusandguide CCDswill be located



at the edgeof the focal plane.A requirementor the CCD devicesis that they have
high quantumefficiency (QE): >50%for wavelengths400-1000nm. This QE hasbeen
achiezed through250 um thick fully depeletedCCDs,built on high resistvity silicon,
developedat the LawrenceBerkeley NationalLaboratory(LBNL) [5]. In particular the
high QE in the red is importantfor efficiently obtainingthe z-bandimagesneededo
getcompletegalaxysamplesandaccuratgophotometricredshiftsat z~ 1. A packaging
factoryis being establishedat Fermilabto producefour-side buttablemodulesfor the
LBNL devices,aswell asto testandgradethe CCDs.

DARK ENERGY SURVEY STRATEGY AND DATA

The Dark Enegy Sunwy stratgy is designedo obtainprecisephotometriccalibrations
andphotometricredshiftdeterminationsThe 5000deg? surwey areawill be coveredby

overlappingandoffsettiles, or pointings,in eachof thefour filters. Suchamultiple-tiling

surwey stratgy allows for ample photometrycrosschecksand we will aim for a 1%

photometrycalibrationgoalfor the survey. ThenominalDES sky tiling rateis 2 surwey

tilings perfilter peryear andattheendof 5 yearsthe DES 100 galaxymagnituddimits

will begriz= 24.6,24.1,24.3,23.9. To accuratelycalibratephotometricedshiftsdown

to theseDES photometricdepthswe will usethe ~ 250 000 galaxyredshiftsavailable
from a numberof large completedor ongoing spectroscopiaedshift surneys which

overlapthe DES area.Our simulationsindicatethat our photometricredshiftaccurag

will besufficientto meetour scientificgoals[4].

The datavolumefor the sunwey is expectedto be ~ 1 Petabyteandwill consistof
raw and processedmages,databasesand catalogsgeneratedhroughdatareduction
and scienceanalysispipelines.We are engagedn a seriesof yearly datareduction
andanalysischallengesusing mock catalog-andimage-level simulations,in orderto
help us develop andtestour dataprocessingand analysisframeavork. Seealso[2] for
a discussionof the challengesnvolved herefor computationakcosmology The DES
imaging data, coaddedimagesand catalogswill be madepublicly available through
periodic datareleasesand will sene as a valuablelegag/ datasetfor the scientific
community not only for cosmologyand dark enegy studies,but also for a broad
spectrunof otherastronomyandastrophysicsnvestigations.
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