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Thediscovery thatthe expansionof the Universeis acceleratinggpensup new frontiersfor our understandingf cosmology
and particle physics. The natureof the dark enegy responsiblés intimately tied to the high enegy theory and gravitation.
Measuringthe propertiesof the acceleratinginiverseand studyingboth the dark enegy andthe dark matterof the Universe
usingsuperngae andweakgravitational lensingis the primary aim of the Supernga/AcceleratiorProbe(SNAP). SNAP can
discover andfollow thousand®f Typela supernwaeatredshiftsz 03 1 7. Theresultingmagnitude-redshiftelationcan
determinghe cosmologicabnddarkenegy parametersvith high precision:the darkenegy equationof statewto 0 05and

its time variationw
in theuniverse.

1. COSMOLOGY WITH SNAP

Mapping the expansionhistory of the Universe
throughthedistance-redshiftelationhasprovedquite
successfulUsing Typela superneaeasstandardized
candles(accurateto 7% in distance)led to the dis-
covery of the acceleratiorof the global expansion—
oneof the highlightsof the 1998UCLA Dark Matter
conferencdl]. But the natureof the exotic, negative
pressureenegy densityresponsibldor the accelera-
tion andcomprisingsome2/3 of thetotal enegy den-
sity of the universeremainsa mystery Besidesthe
cosmologicakonstantcandidatesncludedynamical
scalar elds (quintessencedf mary differentproper
ties (e.g.[2]), relatedto variousforms of the funda-
mentalphysicsexplicit athighenegies.

To investigatethe dark enegy anddistinguishbe-
tweenclasse®f physicswe needto probethe expan-
sion backinto the deceleratiorepoch,indeedover a
redshiftbaselinereachingz 15 (seeFig. 1; [3,4]).
SNAP [5] is a simple, dedicatedexperimentspecif-
ically designedto mapthe distance-redshiftelation
outtoz 1 7 with high precisionandtight control of
systematie@rrors.

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

0 01, vacuumenegy densityW_ andcurvature\W
to 003, andthedark enegy equationof statew to
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dw dzto 0 15. Wide areaweakgravitationallensingstudieswill mapthe distribution of dark matter

0 05 andits time variationw  dw dzto 015.
Thistime variationis a crucialdistinguishingfeature,
notonly for ruling outa cosmologicakonstanexpla-
nation, but for guidanceon the properclassof high
enepgy physicstheoryto pursue. In addition, wide
areaweak gravitational lensing studieswith SNAP
will mapthedistributionof darkmatterin theuniverse
andteachusabouttheevolution of thenonlineamass
power spectrum.

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.
Boththeimagerandalow resolution(R  100)spec-
trographcoverthewavelengthrange3500- 17000A,
allowing detailedcharacterizatiorof Type la supef
novaeouttoz 17.

As a space=xperimentSNAP will beableto study
supernwaeoveramuchlargerrangeof redshiftsthan
hasbeenpossiblewith thecurrentground-basethea-
surements-overawide wavelengthrangeunhindered
by the Earth'satmospherandwith muchhigherpre-
cision and accuray. Many of thesesystematics-
bounding measurementsre only achiezable in a
spaceervironmentwith low sky noise and a very
small and stable point spreadfunction (critical for
lensingaswell). Unlike othercosmologicalprobes,
supernea studieshave progressedo the point that
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Figurel. Degeneracieslueto the darkenegy model
andthecosmologicamodelcannotberesohedatlow
redshifts. In this differentialmagnitude-redshiftlia-
gramthethreeparameterso bedeterminedarevaried
two atatime. Only atz 17 do thesevery differ-
ent physicsmodelsexceed0.02 mag discrimination.
From[4].

a detailedcatalogof known and possiblesystematic
uncertaintiethasbeencompiled— and, moreimpor-
tantly, approachefave beendevelopedto constrain
eachone.

For example,an approacho the problemof pos-
sible supernea evolution usesthe rich streamof in-
formation that an expandingsupern@a atmosphere
sendsus in the form of its spectrum. A seriesof
measurementsvill be constructedfor each super
novathatde ne systematics-boundingubsetf the
Type la categgory. Thesedata(e.g. supernea rise-
time, early detectionto eliminate Malmquist bias,
lightcurve peak-to-taikatio, identi cation of the Type
la-de ning Si Il spectrafeature separatiorof super
nova light from hostgalaxy light, andidenti cation
of hostgalaxymorphology etc.) make it possibleto
studyeachindividual supern@aandmeasurenough
of its physicalpropertiedo recognizedeviationsfrom

Figure2. A cross-sectionaliew of the SNAP satel-
lite. The principalassemblycomponentsirethetele-
scope,optical bench,instruments,propulsiondeck,
bus,andthermalshielding.

standardbrightnesssubtypes. Only the changein
brightnessas a function of the parameterslassify-
ing a subtypeis needednot ary intrinsic brightness.
By matchinglike to like amongthe supernea sub-
types,we canconstrucindependentiubblediagrams
for eachwhichwhencomparedestsystematiancer
taintiesat the targetedlevel of 0.02magnitudes.

With a prearrangedphotometric observing pro-
gramone obtainsa uniform, standardizedgalibrated
datasefor eachsupern®a, allowing for the rst time
comprehensie comparisonsacrosscompletesetsof
supern@ae. The observingrequirementslso yield
dataideal as surwey images,and one automatically
obtainshost galaxy luminosity, colors, morphology
andtype. Full datadownlink allows archiving and
analysisfor avarietyof sciencewithout “biased”pre-
processing.

2. ASTROPHYSICSWITH SNAP

While the thoroughstudy of dark enegy through
Type la supernwaedrives the designof SNAP, the
resultinginstrumentwill have broadcapabilitiesthat
will bedesirabldor otherastrophysicabbsenations.
For example, the exquisite image quality and sta-
ble point spreadfunction from space,and the wide
eld, arehighly advantageousor weakgravitational



lensingstudies. A wide areasurney covering some
300 squaredegreesto AB magnitude28 will al-

low creationof a large scalemap of the distribution

of the dark matterin the universe,while the main,

deepsuney covering 15 squaredegreesis excellent
for lensingtomography investigatingthe growth of

structurein the universeand providing complemen-
tary constraintson cosmologicalparameters.Grav-

itational lensing magni cation effects on the super

novaebrightnessanbeusedo determinghefraction

of compactobjectsandsubstructurén galaxyhalos,
giving furtherinsightinto dark matter

Additionally, SNAP's primary datasetwill sur
vey an areaof sky almost10000times larger than
the Hubble DeepField and almosttwo magnitudes
deeperTherich rangeof sciencehatcanresultfrom
thisandfrom SNAP GuestSurwey programsncludes:
Weak/stronggravitational lensing; Galacticstructure
and evolution; AGNs and afteglows; Microlensing
andplanetsurweys; Starformationandstarhursts;So-
lar systemstudies.

SNAP's capabilitiescanbe summedup succinctly:
wide, deep,andcolorful. Multicolor obsenationin 9
Iters will provide anunprecedentedealthof data.
SNAP's repeatedky scanningopensup thetime do-
mainto investigationf rare,transientyariable,and
moving objects.Already supernea studieshave rev-
olutionizedour picture of the universeand the new
technologyBerkeley Lab CCD'sto beusedfor SNAP
areproducingvaluablescienceatKitt Peakielescopes
[6].

SNAP offers greatpromiseto uncover the nature
of darkenepy, andthis is further enhancedy com-
plementaritywith othercosmologicaprobesparticu-
larly the cosmicmicrowave backgroundadiation[7].
The goalis nothinglessthana mapof the recentex-
pansionhistory of the universe(seeFig. 3, [8]) and
new depthsof understandingf fundamentaphysics.
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Figure3. Thedistance-redshiftelationderivedfrom
Type la superneaeis a direct translationof the ex-
pansionhistory of the Universe,at . SNAP hasthe
capabilityto mapbackfrom the currentaccelerating
expansioninto the deceleratiorepoch. Sucha g-
uregivesamodelindependentosmologicameasure,
valuablewhetherthe acceleratioris dueto dark en-
ergy, higherdimensionspr modi cations of gravita-
tion. From[8].
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