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ABSTRACT

A NationalResearclCouncil studyon connectingquarkswith the cosmos
hasrecentlyposeda numberof the moreimportantopenquestionsat the
interfacebetweerparticlephysicsandcosmology Theseguestionsnclude
the natureof dark matteranddark enegy, how the Universebegan, mod-
ificationsto gravity, the effectsof neutrinoson the Universe,how cosmic
acceleratorsvork, andwhethertherearenew statesof matterat high den-
sity andpressureThesequestionsarediscussedn the contet of thetalks
presentedtthis Summernnstitute.
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1 Connecting Quarkswith the Cosmos

My taskin thisclosinglectureis to preview possiblguturedevelopmentsttheinterface
betweemarticlephysicsononeside,andastroplysicsandcosmologyontheotherside.
Thoughthesecosmicconnectionsnay benefitfrom sometheoreticaldvice they must
rely on the firm factsprovided by acceleratoexperimentsaswell asnon-accelerator
experimentsand astronomicabbsenations. To guide the discussion] structurethis
talk arounda reportwith the sametitle asthis section,publishedrecentlyby the U.S.
National ResearchCouncil;! that poseseleven major cosmologicalquestionsfor the
new century:

e 1: What is the dark matter?

e 2: What is the nature of dark energy?

e 3: How did the Universe begin?

¢ 4: Did Einstein have the last word on gravity?

¢ 5: What are the effects of neutrinos on the Universe?

¢ 6: How do cosmic accelerators work?

e 7: Are protons unstable?

¢ 8: Arethere new states of matter at high density and pressure?

¢ 9: Arethere additional space-time dimensions?

¢ 10: How were heavy el ements formed?

e 11: Do we need a new theory of matter and light?

The lasttwo questiongprimarily concernnuclearphysics and plasmaphysics, re-
spectvely, andl do not discusshemhere. A particle physicist’s answerto the fourth
questionaboutthe completenessf generakelativity is inextricably linkedto the ninth
questionaboutextra dimensions.Lik ewise, the fifth andseventhquestionsaboutneu-
trinosandprotons,respectrely, arelinkedin grandunifiedtheories.Therefore| treat
thesequestionsn pairs.

1: What isthedark matter?

We have heardrepeatedhatthisinstitutethatdarkmatteris necessarjor theformation
of structuresn the Universe?* The latestdatafrom the SloanDigital Sky Suney,’
shovn hereby Kent? are very consistentwith the power spectrummeasuredn the
CMB andby previoussky suneys, weaklensingandthe Lyman-« forest. At thelevel
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of galaxy clustersaswe heardherefrom Henry” someresembletrain wrecksandare
still formingtoday whereaothershave relaxedandaregoodprobesof thedarkmatter
content.Evenbeforethecombinatiorof Type-lasuperneaeandthe CMB, clusterdata
indicatedthat(2,, < 1: currentclusterdatayield’:

Q,, = 0.307004 (1)

aftermamginalizingover Q, andh. Moreover, asdiscussedhereby Dekel,? the motion
of luminousmatterin theneighbourhoof our galaxyprovidesa detailedprofile of the
local darkmatterdensity

Is thisdarkmattercomposeaf particlesor of largerobjectssuchaswhite dwarfsor
blackholes?Therecently-demonstratembncordanceetweerthevaluesof 2, extracted
from Big-BangNucleosynthesiandthe CMB?® confirmsthatthe darkmattercannotbe
composeaf baryonsgxcludinga dominantwhite dwarf componenandimplying that
ary substantiablackholecomponenmusthavebeerprimordial. Microlensingsearches
exclude the possibility that our own galactic halo is composedf objectsweighing
betweens 1072 andz 1073 timesthe massof the Sun? Therefore jn the following,
we concentrat®n particlecandidategor the dark matter

Is this dark matterhot, warmor cold? TherecentWMAP,? 2dF° andSDSSdata
are very consistentwith the standardcold dark matterparadigm. In particular the
combinationof WMAP with otherdataimpliesthat

Qupuh® < 0.0076, 2)

correspondingo >,m, < 0.7 eV. Moreover, the early reionizationof the Universe
recentlydiscoreredoy WMAP!! requiressomestructureso have startedforming very
early whichis evidenceagainstwarmdark matter

However, thereareproblemswith the cold darkmatterparadigm.For onething, the
densityprofilesof galacticcoresappeatesssingularthancalculatedn somecold dark
mattersimulations? - butthesemaybechangedy interactionsvith ordinarymatterand
by memgersandblack hole formation!® For anotherthing, thereis little obsenational
evidencefor the halo substructurepredictedby cold dark mattersimulations- but the
formationof starsmaybedynamicallyinhibitedin smallstructuresiearargergalaxies.
Thereforewe continueto focuson cold dark mattercandidates.

Generallyspeakingthesemight have beenproducedoy somethermalmechanism
in theveryearlyUniverse or non-thermally A goodexampleof thelatteris theaxion,'
which is my second-bestandidatdor cold dark matter Recentdatafrom the LLNL
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axion search reportedhereby Nelson!® excludesthe possibility that a KSVZ axion
weighingbetweenl.9and3.4 neV could constituteour galactichalo.

Anotherexampleof non-thermallyproducecdcolddarkmattercouldbeasuperheay
particleproducedaroundthe epochof inflation,!® calledby Kolb!'” the ‘wimpzilla’. A
naturalexampleof awimpzillais ametastablécrypton’ from thehiddensectorof some
stringmodel!® If metastablea wimpzilla could be the orgin of the ultra-high-enegy
cosmicraysdiscussedhereby Ong’

The classicthermally-producectold dark matter candidateis the lightest super
symmetricparticle (LSP)2° but anotherpossibility proposedrecentlyis the lightest
Kaluza-Kleinparticle(LKP) in somescenariosvith universalextrabosonicdimensions
(UED).2! Thespectran someUED modelsarestrikingly similarto thosein supersym-
metricmodels but with bosonsandfermionsswitchedaround.

Duringthisinstitute, therewasanimportantupdateor theacceleratoconstraint®n
supersymmetryith are-analysi®f thee™ e~ datausedo estimatehe Standardviodel
contrikution to the anomalousnagneticmomentof the muon, g, — 2.2> Thesenow
bring the Standardviodel predictionto within 2 o of the experimentalvalue, leaving
lessroomfor a supersymmetricontritution 23

The directsearchegor LSP dark matterwerereviewed hereby Spoonef* As he
mentionedthe long-runningDAMA claim to have obsened a possibleannualmodu-
lation signalfor cold dark matterscatteringhasrecentlybeenreinforcedby new data
from thesamesxperimentthatshov theannuaimodulationpersistingor sevenyears?
However, several otherexperimentsjncluding CDMS 2% EDELWEISS” andmostre-
cently ZEPLIN 1?4 exclude a spin-independengcatteringcrosssectionin the range
proposedy DAMA. Thisrangeis alsofarabove whatonecalculatesn theConstrained
Minimal SupersymmetriStandardModel (CMSSM)whenonetakesinto accountall
theconstraint$® Moreworryingly, thel CARUS collaboratiorhasrecentlymeasurea
largeannualmodulationin the neutronflux in the GranSassdaboratorywhereDAMA
is located?’

Whataretheprospects$or detectingdarkmatterataparticleacceleratorFirstatbat
is the FermilabTevatroncollider, which, aswe heardherefrom Thomson!® now aims
atanintegratediuminosityof 2 fo~! by 2007and4 fb—! by 2009. Thiswill enableit to
searctfor squarksaandgluinoswith massesonsiderabljheavier thanthe presentimits.
Next atbatwill betheLHC, whichis scheduledo startmakingcollisionsin 2007.With
acentre-of-massenegy of 14 TeV andaluminosityof 104 cm~2s7!, it will beableto
find squarksandgluinosif they weigh< 2.5 TeV 3! If thesquarkandgluinomassesre
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relatively low, measurementstthe LHC mayfix thesupersymmetricmodelparameters
sufficiently accuratelyto enable2, 1? to be calculatedwith anaccurag comparableo
theuncertaintycurrentlyprovidedby WMAP.32 The LHC will alsoaddressnary other
iIssuesof interestto cosmology suchasthe origin of mass,which may be linked to
the mechanisnfor inflation, the primordial plasmain the very early Universe,andthe
cosmologicamatterantimatterasymmetry

Mostanalyse®f supersymmetridarkmatterassumehatthelightestsupersymmet-
ric particle (LSP) s the lightestneutralino,a mixture of spartnerof StandardVodel
particles. However, anotherpossibility, discussecereby Feng?? is thatthe LSP is
the supersymmetripartnerof the graviton, the gravitino.>* This possibilityis severely
constrainedy the concordanc®etweerBig-BangnucleosynthesiandCMB.3*> How-
ever, the possibility remainsof a deviation from standardBig-Bang nucleosynthesis
calculationsand/ora distortionof the CMB spectrum.

2: What isthe nature of dark energy?

Thenecessityf darkenegy becamegenerallyacceptedvhendataon high-redshiftsu-
pernovaewerecombinedwith the CMB datafavouring(,,; ~ 1.3% Thisconclusiorhas
beensupportedy recentdataextendingthe previous supernoa sampleso largerred-
shift z, in particular?” buthow robustis thisconclusionAs hasalreadybeenmentioned,
thepre-«istingdataon darkmatterin clustershavelongfavoured(,,, .. =~ 0.3 which,
combinedwith theCMB data,favourdarkenegy A with 2, ~ 0.7 independentlyrom
thesuperneadata®® Moreover, aswasdiscussedhereby Kolb!'” andPinto thereare
goodreasondgo think thatthe Type-lasupernwae areindeedgood standardcandles.
Also, asdiscussethereby Wright,*° radicalalternatvesto thestandard\CDM scenario
suchas modified Newtonian dynamics(MOND)*! do not agreewith the CMB data.
Soit seemghat we have to learnto live with dark enegy. Supportingevidencefor
darkenegy comesfrom the recentobsenation of theintegratedSachs-Vilfe effect;*?
acorrelationbetweergalaxyclustersandfeaturesn the CMB thatappear®nly if there
is darkenegy causingthe spacebetweerclustersto expand.

The next questionis whetherthis dark enepgy is constantor whetherit is varying
with time. Thelatteroptionoffersthehopeof understanding/hy thedarkenegy density
in theUniversetodayis similarin magnitudeio thedensityof matter throughsomesort
of ‘tracker solution’*3 In this case the dark enegy would have non-trivial dynamics
describedy anequatiorof statethatcanbeparametrizedby w(z) = p(z)/p(z), where
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| emphasizehatw(z) dependsn generalon theredshiftz. Discardingthis possibility
for the moment,the presentcosmologicaldatafavour w ~ —1, correspondingo a
cosmologicatonstantasdiscussediereby Kolb.!” The SNAP satelliteproject* aims
at increasingsubstantiallythe available sampleof high-z superneae, and offers the
prospecf constrainingw(z) muchmoretightly. This may enablea cleardistinction
to bedravn betweertime-varying ‘quintessencenodelsanda cosmologicatonstant.

If thevacuumenepy A isindeedconstantthenext stepwill beto calculatdt. Thisis
surelytheultimatechallengdor ary pretendefor afull quantuntheoryof gravity, such
asstring/M theory For sometime, the efforts of the string communityweredirected
towardsproving that A = 0. However, this wasnever achieved, despitesearchesor a
suitablesymmetryor dynamicalrelaxationmechanism.Presumablya non-zerovalue
of A islinkedto microptysicalparametersuchasmy, m;, msusy, Agcp, €tc.,andthe
challengas to find theright formula*.

If, ontheotherhand,A isreallyvarying,thenext questionis: whatis theasymptotic
value?ls it zero,a non-zeroconstantor even —oo? Quintessencenly postponeshe
problem.

3. How did the Universe begin?

By now, the standardanswerto this questionis: inflation*® But this answeris far
from beingestablishedSimplemodelspredicta nearscale-ivariantspectrunof near

Gaussiamperturbationsvith amodel-dependematio of tensorandscalaimodes.Some
of thesepredictionsaresuccessfulfor examplethe spectraindex of the scalampertur

bationsseersofaris consistentvith beingscale-ivariant,with anaccurag of afew %

whenWMAP dataarecombinedwith dataonlarge-scalestructure® However, onecan
never ‘prove’ thata statisticaldistribution is Gaussianonecanapply varioustests but

if they arepassedpnecannever be surethatthe distribution will notfail somefuture
test. And therearesomepuzzlesin the WMAP spectrumfor exampleglitchesaround
¢ ~ 100, 200 and340, asdiscussedhereby Wright.*® As for the possibletensomaodes,
the first CMB polarizationmeasurementsave beenpublishedby DASI andWMAP,

whosesensitvity is closeto expectationan someinflationary models,but far above
somepredictionsasdiscussedereby Winstein?”

*String theoristsare alsoworried that, whetherA is constantor not, the existenceof an event horizon
appearsnevitable. In this casejt is never possibleto make exactpredictionsbecaus®f informationloss
acrosghehorizon.
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Assumingthevalidity of thebasicinflationaryparadigmposesanew seriesof ques-
tions. Wasinflationdrivenby somesimplefield-theoreticamechanismsuchasanm?¢?
or \¢* potential,or wassomemore subtle(quantum-greaitational? stringy?) mecha-
nismresponsible&a‘stringplasma’?The WMAP measurementstronglydisfavour the
simplest\¢* potential’® but the m?¢? potentialsurvivesfor now.*® If inflation was
driven by somescalarinflaton ¢, how canit berelatedto the restof particle physics?
Themostsuitablecandidaten thepresenparticlemenageri@ppearso meto bethesu-
persymmetripartnemnf theheary neutrinoin aseesa modelof light neutrinomasseg®
Evenif inflationwasdrivenby ascalaiinflatonfield, the CMB mightrevealsometraces
of Planckianphysicsin the form of someeffectssuppressetly powersof the planck
scalemp.

However, to answerthe questionin thetitle of this section,onemustlook beyond
inflation, which presumablyoccurredwhen the enegy densityin the Universewas
(~ 10'6 GeV)}, backto whenit approachedhe Planckenegy density(~ 10*° GeV)'.
At thisepoch perhapghe Universewasdescribedy someform of stringcosmologyor
pre-Big-Bangscenarid?® How to testsuchanidea?Onepossibilitymight be provided
by gravitationalwaves® from this epoch.

4/9: Doescompleting Einstein’stheory of gravity require
extra dimensions?

Einsteincertainlydid nothavethelastwordongravity. His Generallheoryof Relatvity
wasoneof the greatesphysicsachiezementsof thefirst half of the twentiethcentury
the otherbeing QuantumMechanics. Combiningtheminto a true quantumtheory of
gravity wasthe greatespieceof unfinishedbusinesof twentieth-centuryphysics: in
particular how to make sensef theuncontrollablénfinities encounteresvhengravita-
tionalinteractionsaretreatedperturbatvely, andhow to dealwith thelossof information
apparentlyinherentin non-perturbatie gravitational phenomenauchasblack holes?
Presumablyheanswergo thesequestionsnvolve modifying eitherGeneraRelatiity,
or QuantumMechanicspr both.

Thebest/onlycandidateve have for aquantuntheoryof gravity is string/Mtheory
which relies heavily on the existenceof extra dimensions. Theseinclude fermionic
dimensions,in the form of supersymmetrywith its accompaging superspace, as
well as‘conventional’extra bosonicdimensions? If they areto aid in stabilizingthe
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masshierarcly, provide the cold dark matterand facilitate unification of the particle
interactionsthe fermionic dimensionshouldappearat the TeV scale,within reachof
colliders?® But whatmightbethescalesf theextrabosonicdimensionsZTonsisteng
of stringtheoryatthequanturevelrequiresextradimensionsitthescaleof ~ 10733 cm,
and unification of gravity with the other interactionssuggestdhey might appearat
~ 10722 cm?* Colliderscanprobedistancescalesdown to ~ 10~17 cm, but thereis no
particularreasorto expectthatextradimensionswill shav up atsuchalargescale.

Whatothersignaturesnighttherebefor aquantuntheoryof gravity? Onepossibility
might be gravitational waves, or theremight be signaturesn the CMB, asdiscussed
earlier It couldevenbethattheinflation now beingprobedby the CMB wasproduced
by somestringyeffect. As alsodiscussee@arlier thevalueof thevacuumenegy should
be calculablein a completequantumtheoryof gravity. Otherpossibletestsof models
of quantumgravity include the propagtion of enegetic particles- which might be
retardedby space-timegoam, as could be probedby measurementsf photonsfrom
AGNsor GRBs” - ortheirinteractionsascouldbe probedoy UHECRs. Modifications
of quantummechanicsould be probedby laboratorystudiesof K mesonsB mesons
andneutrons’® Thereareplentyof waysin whichtheoriescompletingEinsteinstheory
of gravity canbetested.

5/7: What arethe effects of GUTs on the Univer se?

The direct upperlimits on neutrinomasses:m,, < 2.5 eV, My, < 190 keV, m,. S
18 MeV,’" haveleft operthepossibilitythatneutrinosnightbeanimportantcontribution
tothedarkmatter However, thecombinatiorof WMAP datawith previousastroplysical
andcosmologicabataprovidesthe morestringentupperlimit®:

Y,m, < 0.7eV < Q,h? < 0.0076, (3)

implying thatneutrinoscanprovide only a smallfractionof the dark matter

On the otherhand,neutrinooscillation experimentstell us that neutrinosdo have
massesndmix.’®> Theminimalrenormalizablenodelof neutrinomassesequireshe
introductionof weak-singletright-handedneutrinosV. Thesewill in generatoupleto
thecorventionalweak-doubleleft-handedeutrinosviaYukavacouplingsy,, thatyield
Diracmassesnp = Y, (0|H|0) ~ my . In addition,these'right-handed’neutrinosN
cancoupleto themselesvia Majoranamasses\/ thatmay be > my,, sincethey do
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not requireelectraveak symmetrybreaking. Combiningthe two typesof massterm,
oneobtainsthe seesa massmatrix®:

0 MD vy,
(&) (%),

whereeachof the entriesshouldbe understoodasa matrix in generatiorspace. The
Dirac masses\/, andlarge singlet-neutrinanassesV/ arisenaturallyin GUTS, but
couldappearevenwithout all the GUT superstructureuchasnew gaugeinteractions.

Thelow-massigenstategesultingfrom thediagonalizatiorof (4) donot,in general,
coincidewith flavoureigenstatedeadingto neutrinooscillationsdescribedy thematrix

C12 512 0 1 0 0 C13 0 S13
V = —s12 c12 0 0 o3 So23 0 1 0 . (5)
0 0 1 0 —s93 cCo3 —Slgeiw 0 01367&5

Atmosphericneutrinooscillationexperimentshave establishedhatsin? 26,3 ~ 1 with
Am? ~ 2.5 x 1072 eV?,%® which is also consistenwith datafrom the K2K experi-
ment’! SolarneutrinoexperimentsparticularlySuperKamiokandg andSNO?® have
establishedhattan® 6,5 ~ 0.5 with Am? ~ 7 x 10~° eV?, which is alsoconsistent
with datafrom theKamLAND experiment* Ontheotherhand we have only anupper
limit on thethird mixing angled,3, andno informationon the CP-violatingphase) in
(5).

Thephase couldin principlebemeasurety comparingheoscillationprobabilities
for neutrinosandantineutrinosandcomputingthe CP-violatingasymmetr§:

P (Ve — Vﬂ) — P (ﬂe — ﬂ#> = 168126128130%3823023 sin & (6)

(Ami, (Amiy (Am3g
sm( \E L] sin \E L] sin \E ,

usinganintenseneutrinosuperbeam.a $-beamor a neutrinofactory%

Whatdoesall this have to dowith theUniverse?In total, theminimal seesav model
outlinedabove has18 parameters9 of which areobserableat low enegies: 3 light
neutrinomasses3 realmixing anglesand3 CP-violatingphasegthe oscillationphase
0 andtwo othersthatappearin neutrinolesslouble# decay The other9 parameters
areassociateavith the heavy neutrinosectorandcomprise3 moremasses3 morereal
mixing anglesand3 moreCP-violatingphasesCPviolationin theneutrinosectorffers
the possibility of generatinghe baryonasymmetryof the Universevia heary neutrino
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decays’® which couldgenerate leptonasymmetryia
(N —(+H) # (N —=(+H). 7)

Non-perturbatieelectraveakinteractionsvouldthentransfornpartof thisleptonasym-
metryinto therequiredbaryonasymmetry

Thequestiorthenarisesvhetherthisbaryonasymmetrys directlyrelatedto the CP-
violating parameted thatcouldbeobsenedin neutrinooscillations.Unfortunatelythe
answelis noin generaf” Exceptin specificmodels® this leptogenesisnechanisnis
independentf themixing anglesandphasesn thelight neutrinosector However, neu-
trino oscillationexperimentscandemonstratéhe principleson which the leptogenesis
mechanisms based.

Thereis anotherole thatneutrinophysicsmight have playedin the earlyUniverse:
theinflatoncouldhave beemaheary sneutrina®® TheWMAP dataonthescalarspectral
index, thetensor/scalaratio, etc.,areconsistentvith asimplem?$? modelfor inflation
with m ~ 2 x 10'3 GeV*® Thisis comfortablywithin therangefavouredby theseesa
modelfor a heary (s)neutrino.Moreover, if inflation wasdrivenby a sneutrinoJepto-
genesisvould have followedautomatically In orderto avoid over-producinggravitinos
following inflation,thereheatingemperaturshouldnotexceedafew x 10" GeV, which
constraingheinflatonsneutrinacouplingsaswell asits mass.

How may onetestsucha scenario?Acceleratoramay play a role, sincethe sneu-
trino inflaton modelmakes somerelatively precisepredictionsfor processesiolating
chaged-leptomumberconseration’® Thesearequiteclosetothepresenexperimental
uppeiimits, andwe heardromAihard® of anew upperimit B(r — ) < 3.2x 1077,
with the prospecbf furtherimprovementasthe B factoriesgathermoredata.

As we heardherefrom Prell”° the B factory measurementsf CP violation in
B — J/¢K° decaysagreewell with the StandardModel: sin 23 = 0.731 4= 0.056.
Ontheotherhand,dataon B — ¢K? andotherdecaysiominatedcby b — s penguin
diagramsdo not agreesowell with eachotheror with the StandardModel.™ Thisis a
placewherethefirst deviationsfrom the StandardVodel of CP violation areexpected
in somescenariossuchasGUT extensionof the sees& model”™ However, ary such
effect mustrespectthe constraintimposedby the electric dipole momentof *°Hg.™
If a deviation doesget confirmedby future datafrom B factories,CP violation in the
quarksectomightbereinstatedisa candidatdor baryogenesigrolethattheStandard
Model of CPviolation cannotplay.

10
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6: How do cosmic acceleratorswork?

Candidatedor the origins of the cosmicraysinclude neutronstars,white dwarfs, su-
pernovaremnantsAGNs,GRBs,colliding galaxiesandmore,wherethefirst two might
beresponsibldor thelower-enegy cosmicraysbelievedto originatewithin our galaxy,
andthelattermight beresponsibldor the higherenegy cosmicraysbelievedto come
from outsideour galaxy, asdiscussedhereby Ong!?

As we heardherefrom Kahn the cosmicX-ray backgrounds now gettingmuch
betterunderstoodand seemso be largely dueto discretesources.As reportedhere
by Teegarden’® the INTEGRAL satellitehasrecentlydiscorereda new classof X-ray
sourcedor usto understandevenif they do not contributeto the cosmicrays.

Progressvasreportedherein obsenationsof someof the prospectre cosmic-ray
sources. As discussedby Tanimori/® CANGAROO obsenrations of photonsfrom
RXJ1713.7-3946rovide evidenceof 7° productionby accelerategrotons. Mean-
while obsenationsof AGNs indicatethatthey areprobablypoweredby the accretion
of matteronto black holesweighing 10° — 10° solar masseswhich producejets of
relatvistic outflon. Thereis no strongevidenceyetthatthey contrituteto theobsered
cosmic-rayspectrumthougha correlationbetweenthe arrival directionsof UHECRs
andBL-Lac objectshasbeenclaimed?’”

Asfor GRBs,theevidenceis strengtheninghat(atleastsomeof) thelongerduration
GRBsareassociatedvith superneaeat high redshiftsz ~ 1. However, the shorter
durationGRBswith harderspectranay have differentorigins.

We canexpectlight to be caston ~-ray sourcessuchas galactic objects,AGNSs,
andGRBsby the GLAST satellite’ which shouldsee~ 10* sourcesachyear One
of theinterestingplacesto look for ~-ray emissionis the coreof the galaxy. In some
models,the annihilationsof supersymmetricelic particlesin the core of the galaxy
would producey raysdetectabldy GLAST 2

The origin of the UHECRswith enegies 2 10*° GeV remainsan enigma. One
would have expectedtheseto be cut off by photo-absorptioon CMB photons’’ so
theirobserationby AGASA cameasasurprise’® However, morerecentlyHiRes! has
filedtoreproducgheAGASA data soit isuncleamwhethethereis any excesgo explain.
Perhapghey arejust the tail of corventionalcosmicrays producedby somebottom-
up mechanism Alternatively, perhapshey are producedby the decaysof metastable
ultra-massie particles3? Asdiscussedhereby Kolb,!” thesemighthave beenproduced
non-thermallyaroundthe epochof inflation. Thereare stringy modelswith suitably

11
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long-livedmetastabl@articles- ‘cryptons’'® andsimulationsof suchatop-dovn decay
mechanisnareconsistentvith the UHECR spectrunreportechy AGASA.23 It will be
exciting to seewhethertheAugerproject* now startingto take datain Argentinais able
to reproducehe AGASA data.

In addition to photonsand protons, one might also expect the Cosmosto send
enegetic neutrinosin our direction. Variousprojectsto look for these- AMAND A,
ANTARES,NESTOR andlceCube- areundervay, andwill have sufficient sensitvity
to seesomeof the postulatedextragalacticsources.They may alsobe ableto seethe
neutrinoproducedy thephoto-absorptioreactiorp++ — n+ (7" — v) ontheCMB.
Thesadetectorsnightalsobeableto obsere enegeticneutrinosrom theannihilations
of supersymmetricelic particlesinsidethe Sunor Earth?®

8: Are there new states of matter at high density and
pressure?

HeadingbacktowardstheveryearlyUniversethefirst new stateof matterthatwe expect
to encountelis the quark-gluonplasma. Lattice gauge-theorysimulationsindicatea
transitionto this phasewhenthe temperaturexceedsabout170 MeV,* which would
havebeerthecasevhentheUniversewaslessthanafew x 107 sold. Thereisrecurrent
speculatiorthatthe transitionto hadronicmattermight generatenhomogeneitiesvith
obsenableconsequencesTherehave alsobeenconjectureshatthe coresof (at least
someneutronstaramightbemadeof quark-gluommatter whichcouldhaveimplications
for core-collapssupern@ae,neutron-stamemgersandGRBs.
Acceleratorexperimentsfirstat CERNandmorerecentlyatthe BNL RHIC heavy-
ion collider, producen thelaboratorydenseandhot conditionsunderwhich the quark-
gluontransitionshouldoccur Therehave beentantalizinghintsof quark-gluonmatter
suchasenhancedhundancesf strangearticlesandthesuppressionf .J /¢ production.
As we heardherefrom Gagliardif® the RHIC experimentshave recentlyobsened an
exciting new effectthatpointstowardsthe quark-gluorplasma.in high-enegy proton-
protonor deuterorcollisions,the productionof a high-p jet dueto hardparton-parton
scatterings accompaniedby anotheret in the oppositeazimuthaldirection. However,
thisbalancinget is absentn centralAu-Au collisions®” Thequark-gluorplasmainter
pretationis thatthe partonthatshouldhave producedhe oppositget wasquenchedy
scatteringonthenakedquarksandgluonsin theplasmagdispersingts trans\erseeneny.

12
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However, althoughthis interpretationooks very natural,it cannotyet be regardedas
established.

Headingfurther back to when the temperatureof the Universe exceededabout
100 GeV andits agewas < 1071° s, we believe that the Universewas dominatedoy
anelectraveakplasmain which the Higgs mechanisnwasswitchedoff and Standard
Model particleslost their massesThis pictureis supportedoy lattice simulations but
only experimentsatthe LHC will provide uswith all theinformationwe needto calcu-
late this phasdransitionreliably. If this electraveakphaseransitionwasfirst ordet it
would have providedanopportunityfor electraveakbaryogenesisgnalternatve to the
leptogenesiscenariadiscusseaarliers®

Headingeven further back, in GUTSs there could have beenan analogousphase
transitionin the very early Universewhenit was< 1073° sold. However, it is unclear
whatexperimentabignatureshismighthave produced Alsoin theveryearlyUniverse,
theremay have beena transitionto a ‘string plasma’phase. perhapghis is whatlaid
down the perturbationseenin the CMB?

The most important question of all ...

... Isundoubtedlythe onewe have notyet hadthe‘branes’to ask.
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