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ByRobertcNaeyemandmAlantM.MacRobert

Marchol6,22006 [[MTHor [fhree kars fhe[stientific
communityMaited mith [blated bireath Formlewrésults
from[NASA's Wilkinson Microwave[Anisotropy [Prrobe
(WMAP).[Ti[appears fiwasorth fhewait. Mhe (WMAP
sciencelféam[ahnouncedfbdaythatiifound [Powerful
newleVidenceibshpporttheprevailinglcbsmological
model [ whichfhemhniverselekperienced [ah lekplosive
growth[spurtmtithin iis rstitillionth afalttillionth offal
second (= [alfleetingmhoment [dfhiyperexpansion khown

Theosmicamicrowavedbackground(CMB)disdeftover as inflation.[Duringthisihterval, theniverse's kblume
raghatquromDthfatBlgchangEredsvhlftedE(stretghed),Ebytthe pl‘Ob ablyﬁillcreased IB]yﬁlﬁaggering @60 Hmes Iﬁlhat's &
universe'scexpansion,dntotthemmicrowavemregionoftthe

spectrum.dncthisimagemNASA'sWilkinsondMicrowave followed [bly [6o [zeroes) ok mhore, ftom thelsize lof[al
Anisotropy®Probeq WMAP)mrecordsaminusculectemperature marblelidfhelsize @f@day's Msiblefniverse.

differencesdntthecCMBrasdifferentmcolors. cThechottermand
coolerspotsmevolveddntotthecclusterstofmgalaxiesmndgiant

voidsseendnctoday'sauniverse. AlldmagesecourtesyNASA®/ Mostlcbsmologists(hiaveleimbraced fhflation [since fiflwas
WhAPsSciencesTeam. proposed [h[H80, Becausefhemhodel Beautifully
explainsiprofound mhysterieslaboutloluriniverse, [shichlak

why [ifi[hlas [sb féwmhagneticmhonopolesChypothetical [particles With lohlyamorthlarlsbuth [pole) ahd thy
differentrégions offthe niverse ldok [pretty mhuch the shmeldespitethefhct fhey have been [alut [off
physicallcbntact.[Butmhostloffthelelidence fbrihflation cbuld beldescribed [aksliccessful Cpostdictions”
ratherfhan["predictions." hlotherords, ihflationhlasbeen[alcbnvenient fheorybecauseiilekplained
thingsfhaterelalreadykinown.[Theleksencelafalréallylgbod [stientifictheory,hlowever, id[ane fhat
makes predictionsthatIaterfhrn ot Ed bk ftue.

WMAP hlasichanged fhelghmelblylcbnfirming[sbmelofihflation'sbbldestpredictionslabout theafterglow
ofthe RigBang, thelcbsmicmhicrowavebhckground (CMB).Mhe M B3 the White [ight offthe BigBang,
stretched ahdlcboledihto the mhicrowave [phrtlafithe [shectrum by lebsmiclekpansion.[Mhe [AM B3 al
veritablelgbld mhinelaffhformationaboutlcbnditions ihfheniversemhoments[after s birth. Specifically,
itsiémperaturevhriesftom [placelid placeblyld.oo0001°[Qelsius;fhesefluctuationscépresent régions
wherelthelehrlyniversehlad [alslightly [gkeater ol [ésserdensity[af mhatter. WMAP [césultsahnounced i
2003[cbnfirmed[ground Thhd bhlloon [Based mheasurementsishowingfhatthelstrongestloffthese
temperaturevhriations(arelabout i? Wideloh fthelsky, ih[spectacularagreementith fhflation's
predictions.

Butlibday'slahnouncementhkesthis(stience o [alnewIével.
With three mhoreykarslofldata, the WMAP fdamasablelid
refinefthemhap laffthese fémperaturehriations,lehablingthe
team[td mhake Mhorelpireciselstatementslaboutlthelagelahd
contentslofftheiniverse. Mhemewrsults shyfhatfhe
universeisy.7billion karslold mhith [ah kincertaintyloflanly
2%.[Mherésultsalsolyield [the fhgredientslafthe lcbsmic
recipe: 4% [ofthe iniverse'smhatter[and [énergyldensityis it
thefdrmloff darklehergy@helinknown lehergyfhatidlchusing
cosmiclekpansionidlakcelerate), 2% 03 darkmhatter,lahd[4l%
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isfthe familiar fypelofmhatter mhadelaflatoms, hich fbrms
stars, [planets, [ahd people. [Mhese mumbers [are ikry [similar
thoselréleasedih@loo3,butlaremhorelabcurate fhanksidfhe
better(data.Theylake [alsofhlcloselagreement Mith mumerous
otherlaktronomical labservationsiking[differentmhethods,
suchakmheasurementsofffhemniverse'slekpansionderived 74% Dark Energy
fromlobservationslalf(Mype[Th[slipernovae.

"It'sonderful hlowtheldifferentlekperiments[shpportlehch
otherlahdlcbnfirmlehchldther," [shys Chuck Bennettl(Johns
Hopkins[Mniversity), I¢aderofthe WMAP[stienceféam. [Tt
giveskstheWarm féelingfhatie'relon fheright ftack. We
havelsbmhuch[dataith lctoss[checkslahdihterlocksthatzbu
can plulllautfhe résultsloflahylekperimentlahd gkt fthe shme
answer."

4% Atoms

WMAPdataorevealsttheruniverse'sangredients.dlrhe
universedsmaderupofH¥%mtomicamatterqthestuff

More thatplanetsmandpeoplemaremmaderof),22%dark
1mp0rtantly, matterg(acmysterioussformoofomattermotmmaderof
theMWMAP atomsoreknownparticles),mnd74%darkeenergyqan
. evenmmorerenigmaticformoofrenergythatdstcausing
satellite thewniverse'steexpansionttoraccelerate).dThese
detectedihe resultsmarednmcloseragreementmwithtthosesfrom
extent [ numerousothermastronomicalstudies.
whichlthe
i, wfln 4 CMB's[mhicrowave[photonsiere polarizedduringtheir
With@BmmoreryearsofsWMAPata, scientistschave long @urney [abrossthefiniverse. rqund (Based
produced=asmoredetailedpicturefethednfant experiments(hlavelalso[detected [polarization, it anly

universe.Colorsandicatecwarmerdq(red)mndoolergblue) acrosslshallareas Iﬁlf@y WMAPheasured fatrossfhe

spots.dTheowhitebarsshowrtthepolarizationdirectionof

thewldestdight.dThismewdnformationchelpsttopinpoint entire @(y. mhe féamas |1_'_hen Eble b ke |ﬂle 'ﬁblarization
whenttherfirstsstarseformedmandtprovidesmewlues measurementsfdsiibtractlcbntaminationsignalsftom
aboutteventsrthattranspiredtin-hedfirstetrillionth-or=a thefirst Etars fhat formed fh Fhe Mhiverse, ithich cteated &l
secondofthetuniverse. Clickronthedmagettoviewra . X

largerversion. cosmiclfbgthatlcbnfuses(thelsignaturelofihflation.The

team'slahalysislshows(thatthefrstistarsistarted this
processlaboutlgoomhillion karsafter fheRigBang.

Bylcbmbiningfthepolarization mheasurementmith fhe Mewlahd Bnproved iémperaturemeasurements,
theféam pinned [down alnhimber khown [akthe [$calarspectral ihdex" b [alvhluelalf[d.95, fith [ah
uncertaintylofloinly[2%. Mhismumberlcbmparesthe AMB Eémperature fluctuationslskenlaverIdrgelstales
tolthoselsken[at[smalllstales.[Ground[Basedekperimentslareihcapablelafimhakingfhismheasurement
becauselthey'relimited fblsmalllahgular(stales.Thelsimplestihflationarymhodels predict thatthelstalar
spectralihdex[should [belslightly Téssthan 1] which [dlekactly what fhe WMAP kéam [hlas fdund.

Themlewl[diata alsohlelp lcbsmologists close it loh fhe mature lof [darklehergy. Marklehergyid fhe inknown
force,mot piredicted by mhodern physics, fhat [akts(akalsbrtlofmlegative [gravity lolh [drgestalesahd (3
causinglthelekpansionlofffhemniversefdlspeed lp (= [alfact fhat[hlas been kinown lanlylsince[H98. [The
new WMAP [data,lcbmbined With [atherlaktronomical findings, marrow[down [darkehergy's["equation [af
state,"lalnumberkhown[ak w, [fdalvhluelolf(H1Mith[ah Akbcuracylaflaboutib %.

Whatlthismheans[isfthatldarklehergybehaves[like[AlbertHinstein's "cosmologicallcbnstant" (& if's[ah
inherentpropertylafispacefimeifiself, [ak bpposed b [sbmeminknown Kind [of plarticleslol [Held inlspace
(whichltheoristshlaveldubbed (juintessence") thatthin lolitak[spacelekpands. Th latherWords, [alciibic
centimeterlaflspacelcbntainstheshmelamountlofldarklehergy mlo matter howmhuch [spacelekpands
throughoutlcbsmiclhlistory[= nlike the photons[ahd [ghs[particles fh[shace,hich fhinQutak the
universelehlarges.
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Previousmheasureslaf wherelgbod b about ik % akcuracy ((Bky & [Melescope: [Mune2o04,phageb). I whi
fixed [at [H1, i mheans fhelcbsmosmtillmlever beldestroyed h [alrhnawayshiper [éxpansion [(TBigRip") ol & [
contraction[(JBig[Qrunch").

"GreatlNews"

Mostslstientistsinfhe feld hlaverkacted positivelyfd fhese mew WMAP résults. [This[is[great mews fbr
inflation," [shysMniversitylafiChicagolcbsmologist Sean[darroll, who[idmotalmhemberlofthe WMAP
team.[You'reldoking fdralnlumberthatidlclosefdlane, blut [still Motleljual kb [one [ [alstatistically
significantway."

"Thisfidbigmlews, hdeed. Mostlalternatives b hflation[do Mot predict [alstalarspectral ihdex Téssfhan
one,"[allds Anthony[Aguirre,allniversitylafQalifornia, ShntalQruzlcbsmologistmthoi3[also Mot [al
member[affthe WMAP Edam. 1l féel mhorelcbnfident lahce [alskcondgroup (hiasahalyzed theldatalahd
obtained[similarfrésults. Thislshould Mot fake keryldng. Thfhemheantime, Tlain firlylcbnfident,
however, ak[thistéam [hasbeen[quitelchreful.”

WMAP f¢ammhember LymanPage [(Princeton Mniversity)
agrees.[dInlthelsimplestmhodels, iflation[shid fhatfflshould [be
something(like[dl.95.Thtellectuallyillstemskrylclear,[clean, lahd
nice.Weldon'tkhow ifihflation G3ight, blutfllshirelshmellslike
it'sfright."

TheWMAP [résult Will [allowl[stientists b [distinguish between
themhany[differentmhodels afinflation (= [sbme ofwthich do Mot
predictalvhlueof[d.95.[This, i fhirn, bl help fhem Gh fheir
questibinderstandlekactlyhen[ihflation[startedlahdlehded, ) - )

and whyfhlappened at[all. [(Thiskésult i3 innowing theHeld loff TP;S;Umelmetsymbolliecsrlﬂgh;f?answnﬂhlstfory
contenders," [shys[olumbia [ niversityphysicist Brian@reene. ~ 9 *euniverseroverats 1 jonyearso
"This kil hlelp s minderstand theldetails[of how [ flationkbok Zi‘éii”é?ﬁi?@?ﬁ Eﬁjﬁéﬁ;ﬁ?ﬂf&iﬁ&ﬁgments

place." oftthewuniverse'sthistory;sincetthendtrhastbeen
relativelymradual. Butroversthempastfewillion
years,dtrhastbeguntospeeduprduettotthe

Princeton Mniversityftheorist PaulSkeinhardt,holhlelped influencefmamysteriousd darkeenergy. "Click
pioneerfflation fhheEhrlyh8os, chllsThe (WMAPEbsult[h ~ OMthedmagetoviewmdargeraversion.
milestonelathievement." [Helshystheoristshlavelshentkars

developingmhorelekoticiypeslalfihflation mhodelsthat réquire mlew felds [ar fine flining mhechanisms.
"Thismhilestonemheansfhatmhanyofffheselekoticlideas arelolit fhe indow,which [cleans wip [fhefeld[al
lot," [He[shys. Buthlelalsopoints[out fhat fhe mewWMAP résults [alelcbnsistent With [ahotherfideafhathle
helpedIdevelop: thatlouriniverselakcasionallylebllides mtith lahotherniverse it ligher[dimensional
spaceliime,IéadinglfdlehdlesslyrépeatingcyclesafBigBangsahdlekpansion. WMAP féam [mhembers
agreelthatlthislcyclicmhodel i3lcbnsistent WithEheirrésults,lahd thatlalnlext[generation[shtellite idmeeded
toldetermine which mhodel, [lleither, [ekplainsalur mniverse.

Formhore detailslaboutihflation, [skelthe coverlstorylaf Sky&[Telescope'sNovember[2oo5[idsue.
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