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Thediscovery thattheexpansionof theUniverseis acceleratingopensupnew frontiersfor ourunderstandingof cosmology
andparticlephysics. The natureof the dark energy responsibleis intimately tied to the high energy theoryandgravitation.
Measuringthepropertiesof theacceleratinguniverseandstudyingboth the dark energy andthedark matterof theUniverse
usingsupernovaeandweakgravitational lensingis theprimaryaim of theSupernova/AccelerationProbe(SNAP). SNAP can
discover andfollow thousandsof TypeIa supernovaeat redshiftsz � 0 � 3 � 1 � 7. Theresultingmagnitude-redshiftrelationcan
determinethecosmologicalanddarkenergy parameterswith high precision:thedarkenergy equationof statew to

�

0 � 05 and
its time variationw��� dw� dz to

�

0 � 15. Wide areaweakgravitational lensingstudieswill mapthedistribution of darkmatter
in theuniverse.

1. COSMOLOGY WITH SNAP

Mapping the expansionhistory of the Universe
throughthedistance-redshiftrelationhasprovedquite
successful.UsingTypeIa supernovaeasstandardized
candles(accurateto 7% in distance)led to the dis-
covery of the accelerationof the global expansion–
oneof thehighlightsof the1998UCLA Dark Matter
conference[1]. But thenatureof theexotic, negative
pressureenergy densityresponsiblefor the accelera-
tion andcomprisingsome2/3of thetotalenergy den-
sity of the universeremainsa mystery. Besidesthe
cosmologicalconstant,candidatesincludedynamical
scalar�elds (quintessence)of many differentproper-
ties (e.g. [2]), relatedto variousforms of the funda-
mentalphysicsexplicit at highenergies.

To investigatethedark energy anddistinguishbe-
tweenclassesof physicswe needto probetheexpan-
sion backinto the decelerationepoch,indeedover a
redshiftbaselinereachingz � 1 	 5 (seeFig. 1; [3,4]).
SNAP [5] is a simple, dedicatedexperimentspecif-
ically designedto mapthe distance-redshiftrelation
out to z 
 1 	 7 with highprecisionandtight controlof
systematicerrors.

Thesedata can determinethe cosmologicalpa-
rameterswith high precision: massdensity WM to

�

0 	 01, vacuumenergy densityWL andcurvatureWk
to

�

0 	 03, andthedarkenergy equationof statew to

�
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0 	 05 and its time variationw
�
 dw� dz to
�

0 	 15.
This time variationis acrucialdistinguishingfeature,
notonly for ruling outacosmologicalconstantexpla-
nation,but for guidanceon the properclassof high
energy physicstheory to pursue. In addition, wide
areaweak gravitational lensing studieswith SNAP
will mapthedistributionof darkmatterin theuniverse
andteachusabouttheevolutionof thenonlinearmass
powerspectrum.

The SNAP missionconceptis a 2.0 meterspace
telescopewith a nearly one squaredegree �eld of
view (seeFig. 2). A half billion pixel, wide �eld
imagingsystemcomprises36 largeformatnew tech-
nology CCD's and 36 HgCdTe infrared detectors.
Both theimageranda low resolution(R � 100)spec-
trographcover thewavelengthrange3500- 17000 	A,
allowing detailedcharacterizationof Type Ia super-
novaeout to z 
 1 	 7.

As a spaceexperimentSNAP will beableto study
supernovaeoveramuchlargerrangeof redshiftsthan
hasbeenpossiblewith thecurrentground-basedmea-
surements– overawidewavelengthrangeunhindered
by theEarth'satmosphereandwith muchhigherpre-
cision and accuracy. Many of thesesystematics-
bounding measurementsare only achievable in a
spaceenvironment with low sky noise and a very
small and stablepoint spreadfunction (critical for
lensingaswell). Unlike othercosmologicalprobes,
supernova studieshave progressedto the point that
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Figure1. Degeneraciesdueto thedarkenergy model
andthecosmologicalmodelcannotberesolvedatlow
redshifts. In this differentialmagnitude-redshiftdia-
gramthethreeparametersto bedeterminedarevaried
two at a time. Only at z � 1 	 7 do thesevery differ-
ent physicsmodelsexceed0.02magdiscrimination.
From[4].

a detailedcatalogof known andpossiblesystematic
uncertaintieshasbeencompiled– and,moreimpor-
tantly, approacheshave beendevelopedto constrain
eachone.

For example,an approachto the problemof pos-
sible supernova evolution usesthe rich streamof in-
formation that an expandingsupernova atmosphere
sendsus in the form of its spectrum. A seriesof
measurementswill be constructedfor each super-
nova thatde�ne systematics-boundingsubsetsof the
Type Ia category. Thesedata (e.g. supernova rise-
time, early detectionto eliminate Malmquist bias,
lightcurvepeak-to-tailratio, identi�cation of theType
Ia-de�ning Si II spectralfeature,separationof super-
nova light from hostgalaxy light, and identi�cation
of hostgalaxymorphology, etc.) make it possibleto
studyeachindividualsupernovaandmeasureenough
of its physicalpropertiesto recognizedeviationsfrom

Figure2. A cross-sectionalview of theSNAP satel-
lite. Theprincipalassemblycomponentsarethetele-
scope,optical bench,instruments,propulsiondeck,
bus,andthermalshielding.

standardbrightnesssubtypes. Only the changein
brightnessas a function of the parametersclassify-
ing a subtypeis needed,not any intrinsic brightness.
By matchinglike to like amongthe supernova sub-
types,wecanconstructindependentHubblediagrams
for each,whichwhencomparedtestsystematicuncer-
taintiesat thetargetedlevel of 0.02magnitudes.

With a prearrangedphotometric observing pro-
gramoneobtainsa uniform, standardized,calibrated
datasetfor eachsupernova,allowing for the�rst time
comprehensive comparisonsacrosscompletesetsof
supernovae. The observingrequirementsalso yield
data ideal as survey images,and one automatically
obtainshostgalaxy luminosity, colors, morphology,
and type. Full datadownlink allows archiving and
analysisfor avarietyof sciencewithout “biased”pre-
processing.

2. ASTROPHYSICS WITH SNAP

While the thoroughstudyof dark energy through
Type Ia supernovaedrives the designof SNAP, the
resultinginstrumentwill have broadcapabilitiesthat
will bedesirablefor otherastrophysicalobservations.
For example, the exquisite image quality and sta-
ble point spreadfunction from space,and the wide
�eld, arehighly advantageousfor weakgravitational
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lensingstudies. A wide areasurvey covering some
300 squaredegrees to AB magnitude28 will al-
low creationof a large scalemapof the distribution
of the dark matter in the universe,while the main,
deepsurvey covering 15 squaredegreesis excellent
for lensingtomography, investigatingthe growth of
structurein the universeandproviding complemen-
tary constraintson cosmologicalparameters.Grav-
itational lensingmagni�cation effects on the super-
novaebrightnesscanbeusedto determinethefraction
of compactobjectsandsubstructurein galaxyhalos,
giving furtherinsightinto darkmatter.

Additionally, SNAP's primary datasetwill sur-
vey an areaof sky almost10000 times larger than
the Hubble DeepField and almost two magnitudes
deeper. Therich rangeof sciencethatcanresultfrom
thisandfrom SNAP GuestSurvey programsincludes:
Weak/stronggravitational lensing;Galacticstructure
and evolution; AGNs and afterglows; Microlensing
andplanetsurveys;Starformationandstarbursts;So-
lar systemstudies.

SNAP's capabilitiescanbesummedupsuccinctly:
wide,deep,andcolorful. Multicolor observationin 9
�lters will provide an unprecedentedwealthof data.
SNAP's repeatedsky scanningopensup thetime do-
mainto investigationsof rare,transient,variable,and
moving objects.Alreadysupernovastudieshave rev-
olutionizedour picture of the universeand the new
technologyBerkeley LabCCD's to beusedfor SNAP
areproducingvaluablescienceatKitt Peaktelescopes
[6].

SNAP offers greatpromiseto uncover the nature
of darkenergy, andthis is furtherenhancedby com-
plementaritywith othercosmologicalprobes,particu-
larly thecosmicmicrowavebackgroundradiation[7].
Thegoal is nothinglessthana mapof therecentex-
pansionhistory of the universe(seeFig. 3, [8]) and
new depthsof understandingof fundamentalphysics.
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