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Abstract.
TheDark Energy Survey (DES)is a proposed5-year, 5000deg2 opticalimagingsurvey, to 24th

magnitudein the SDSSgriz bands,thatwill usea new wide-field3 deg2 mosaicCCD cameraon
the Blanco4m telescopeat the Cerror Tololo Inter-AmericanObservatory (CTIO). The primary
scientificgoalof theDESis to probethenatureof darkenergy usingfour complementarymethods:
galaxyclusters,weakgravitational lensing,galaxyangularcorrelations,andType Ia supernovae.
For eachof thesemethods,theDESshoulddeterminethedarkenergy equationof stateparameter
w with a statisticalprecisionof about5-15%,assumingconstantw but without strongpriors on
othercosmologicalparameters.By deriving darkenergy constraintsusingfour complementarysets
of measurementsmadefrom thesamedatasetandwithin a commonanalysisframework, we will
obtain importantcrosschecksof our systematicerrorsandtherebymake a substantialandrobust
advancein theprecisionof darkenergy measurements.
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INTRODUCTION

In responseto the NationalOptical AstronomyObservatory (NOAO) Announcement
of Opportunityfor Blanco InstrumentationPartnership,we have proposedbuilding a
new wide-field correctorand 3 deg2, 62-CCD mosaiccamerafor the CTIO Blanco
4m telescope.We plan to use this Dark Energy Camera(DECam) to carry out the
Dark Energy Survey (DES), a 4-bandgriz imagingsurvey of 5000deg2 in the South
GalacticCap.Theprimaryscientificgoalof theDESis to studydarkenergy usingfour
independentandcomplementarytechniques,from eachof which we expectto measure
thedarkenergy equationof stateparameter, w, to astatisticalprecisionof about5-15%.
NOAO hasacceptedthe DES proposalfor partnership,and if we are fundedfor this
project,we will beawarded30%of theobservingtime at CTIO over a five yearperiod
from 2009-2013to conductthesurvey.

DARK ENERGY SURVEY SCIENCE

Dark energy hasbeenlabeledasoneof themostimportantareasof scientificstudyfor
thenext decade.Evidencefor darkenergy camefrom thesurprisingobservationthatthe
expansionof the universeis accelerating,a conclusiondrawn from the measurements
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of distantType Ia supernovae[6, 7]. Other indirect evidencefor dark energy hasalso
comefrom theCMB temperatureanisotropy — which pointsto a spatiallyflat universe
— and from large-scalestructureandgalaxyclusters,which constrainthe densityof
matter(mostly dark) to about30% that of a flat universe.Thesestudiesindicatethat
the remaining70% of the energy densityof the universeis comprisedof dark energy,
with equationof stateparameterw ��� 0 � 75. While evidencemountsfor a pictureof
theuniversethatis now dominatedby darkenergy, moreprecisemeasurementsof w are
neededto helppin down thenatureof darkenergy andto constraintheoreticalmodels.

Theextensive 5000deg2 of DESimagingdatawill beusedto constraindarkenergy
throughfour differenttechniques:(1) galaxyclusters;(2) weaklensing;(3) galaxyan-
gularpowerspectrum;and(4) Type1asupernovae.TheDESwill collect30,000galaxy
clustersout to redshiftsz � 1 andabove. In particular, theDESareais chosenspecifi-
cally to overlaptheplanned4000deg2 Sunyaev-Zel’dovich effect (SZE)clustersurvey
to be carriedout by the SouthPoleTelescope[3], andthe DES will provide accurate
photometricredshiftsfor the bulk of the SPT clusters.Independentoptical and SZE
clusteridentificationandmassdeterminationfrom theDESandSPT, respectively, will
provide a meansto understandsystematicuncertainties.The other threemeasurement
techniqueswill alsoyield dark energy constraintscomparableto that from the cluster
survey. Theweaklensingstudywill measurebothcosmicshearandgalaxy-shearcorre-
lations,for aneffectivesurfacedensityof about10galaxies/arcmin2 over the5000deg2

DESarea.Theangluarpower spectrummeasurementswill probegalaxyclusteringfor
some300million galaxies,binnedin photometric-redshiftshellsout to z � 1. Finally, a
time-domainsurvey of a 40 deg2 areawithin theDES will obtaina sampleof � 2000
Type Ia supernovae,at redshiftsz � 0 � 3 � 0 � 8, which shouldprovide the largestsuch
samplefor studyby the time the DES is completed.We expect that by combiningall
four measurementtechniques,andincludingtheability to correlatewith theSZEcluster
datafrom theSPT, theDESwill providepowerful new constraintson thenatureof dark
energy. The DES will be an importantscientificandtechnicalprecursorto ambitious
futuredarkenergy experimentslikeLSSTandJDEM.PleaseseetheDESwhite papers
for a detaileddiscussionof the DES dark energy experimentalmethods,cosmological
parameterconstraints,andtheoreticalchallenges:[4, 1].

DARK ENERGY SURVEY INSTRUMENT

As describedin moredetailin [4], theDESinstrument(DECam)includesalargemosaic
camera,a wide-fieldoptical corrector, four filters, andtheassociatedinfrastructurefor
operationat the 4m Blanco telescope.The cameraand correctorwill be assembled
into a barrel-shapedcagethat attachesto the telescopeat the prime focus through
supportingstruts.Ourreferencedesignopticalcorrectorconsistsof fiveelements- fused
silica lenses- which produceanunvignetted2.2� diameterfocal plane,andwhich also
contribute � 0.4” FWHM to thepoint spreadfunction.We arenow actively engagedin
furtheroptimizingandfinalizingour opticsdesign.

TheDECamfocalplaneconsistsof 622K x 4K CCDmodules(0.27”/pixel) arranged
in a hexagoninscribedwithin the2.2� diameterfield of view. Theareaof thehexagon
relevant for tiling the sky is 3 deg2. Additional focusandguideCCDswill be located



at the edgeof the focal plane.A requirementfor the CCD devices is that they have
high quantumefficiency (QE): � 50%for wavelengths400-1000nm.This QE hasbeen
achievedthrough250 µm thick fully depeletedCCDs,built on high resistivity silicon,
developedat theLawrenceBerkeley NationalLaboratory(LBNL) [5]. In particular, the
high QE in the red is importantfor efficiently obtainingthe z-bandimagesneededto
getcompletegalaxysamplesandaccuratephotometricredshiftsat z � 1. A packaging
factoryis beingestablishedat Fermilabto producefour-sidebuttablemodulesfor the
LBNL devices,aswell asto testandgradetheCCDs.

DARK ENERGY SURVEY STRATEGY AND DATA

TheDarkEnergy Survey strategy is designedto obtainprecisephotometriccalibrations
andphotometricredshiftdeterminations.The5000deg2 survey areawill becoveredby
overlappingandoffsettiles,or pointings,in eachof thefour filters.Suchamultiple-tiling
survey strategy allows for amplephotometrycrosschecks,and we will aim for a 1%
photometrycalibrationgoalfor thesurvey. ThenominalDESsky tiling rateis 2 survey
tilings perfilter peryear, andattheendof 5 years,theDES10σ galaxymagnitudelimits
will begriz � 24� 6 � 24� 1 � 24� 3 � 23� 9.To accuratelycalibratephotometricredshiftsdown
to theseDESphotometricdepths,we will usethe � 250� 000galaxyredshiftsavailable
from a numberof large completedor ongoingspectroscopicredshift surveys which
overlapthe DES area.Our simulationsindicatethat our photometricredshiftaccuracy
will besufficient to meetourscientificgoals[4].

The datavolumefor the survey is expectedto be � 1 Petabyteandwill consistof
raw and processedimages,databases,and catalogsgeneratedthroughdatareduction
and scienceanalysispipelines.We are engagedin a seriesof yearly data reduction
andanalysischallenges,usingmock catalog-andimage-level simulations,in orderto
help us developandtestour dataprocessingandanalysisframework. Seealso[2] for
a discussionof the challengesinvolved herefor computationalcosmology. The DES
imaging data,coaddedimagesand catalogswill be madepublicly available through
periodic datareleases,and will serve as a valuablelegacy dataset for the scientific
community, not only for cosmologyand dark energy studies,but also for a broad
spectrumof otherastronomyandastrophysicsinvestigations.
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