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ABSTRACT

Big-Bangcosmologyandideasfor possiblephysics beyond the Standard
Model of particlephysicsareintroduced. The densitybudgetof the Uni-
verseis audited,andthe issuesnvolvedin calculatingthe baryondensity
from microplysicsarementionedasis therole of cold dark matterin the
formationof cosmologicaktructures.Candidategor cold dark matterare
introducedwith particularattentionto thelightestsupersymmetriparticle
andmetastablesuperheay relics. Prospect$or detectingsupersymmetric
dark matterin non-acceleratoexperimentsareassessedndthe possible
role of decaysin generatingultra-high-enegy cosmicraysis discussed.
More detailsof theseandotherastroparticléopicsarepresentediuringthe
restof this Summernstitute.
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1 Introduction

My taskin thisopeningectureisto setthestageor thesubsequeriectureghatdevelop
in more detail the connectionshetweenparticle physics and cosmology To do so,

| first recall the essentiabspectf standardBig-Bang cosmology emphasizinghat
the questionst raisesaboutthe early history of the Universecanonly be answered
by particle physics. The latteris describedoy its own StandardModel, which makes
successfutjuantitatve predictionsfor acceleratoexperiments but leavesopenmary
fundamentaljuestions. Theseincludethe origin of particle massesthe proliferation
of differenttypesof elementaryparticlesandthe possibleunificationof all the particle
interactions.In combinatiorwith acceleratoexperimentsastroplysicsandcosmology
maycastmportantight onthesolutionsof thesgproblems Accordingto astroplysicists
andcosmologistsmostof the matterin the Universehasnever beenseen,andcannot
consisbof ordinarymatter! Theformationof structuresn theUniversewouldbehelped
by the presencef massie weakly-interactingcold dark matterparticles? Candidates
for thesdncludethelightestsupersymmetriparticle(LSP); theaxiont andmetastable
superheay particles whosedecaysnight beresponsibldor ultra-high-enegy cosmic
raysbeyondthe Greisen-Zatsepin-zmin (GZK) cutof,® if they exist. Thesearejust
afew of theconnectiondetweerthevery big andthevery smallthataredevelopedby
otherlecturersat this Summernstitute.

2 Big-Bang Cosmology

Accordingto standardBig-Bangcosmology, the entirevisible Universeis expanding
homogeneouslgndisotropicallyfrom avery denseandhotinitial state.Thefirstdirect
pieceof evidencefor thiswasthediscoveryby Hubblethatdistantobjectan theUniverse
arerecedingrom eachotheratvelocitiesproportionato theirdistance$rom eachother:

v = H-d, 1)

wherew is the recessionvelocity, d is the distanceandthe Hubble constant = £ -
100 km/s/Mpcwhereh ~ 0.7.8 Obsenrationsof the Universesuggesthatit is indeed
very homogeneouandisotropicon large scaless 1000 Mpc.?

The next pieceof evidencefor the Big Bangto be discoreredwasthe cosmicmi-
crowave background CMB) radiation!? Extrapolatingthe presentHubble expansion
backin time, the CMB is thoughtto have beenemittedwhenthe Universewasabout
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3000timessmallerandhotterthanit is today with age~ 3 x 10° y. The CMB hasa
dipoledeviationfromisotropy atthe10~2 level, whichis believedto beduetotheEarth's
motionrelative to aMachiancosmologicaframe. Smallerscaleanisotropiehave been
discoveredmorerecentlyby the COBE satelliteandsubsequergxperimentsasseenn
Fig. 1, andmayprovide awindow ontheUniversewhenit wasmuchyoungerstill, as
we shallseelater.
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Fig. 1. A compilationof dataon fluctuationsin the cosmic microvave background
radiation!! Thedarker (black)errorbarsarethosefrom theWMAP satellite thelighter
(red)errorbarsarethoseof previous CMB experiments.

The third pieceof evidencefor the Big Bangwas provided by the abundanceof
light elementsseenin Fig. 2, which are thoughtto have beenestablishedvhen the
Universewasabout10® timessmallerandhotterthanit is today;? with age~ 1to 10* s.
This nuclear‘cooking’ must have occurredwhenthe temperaturél’ of the Universe
correspondetb characteristiparticleenegies~ 1 MeV.

Back whenthe Universewas~ 107¢ to ~ 1075 s old, it is thoughtto have made
a transitionfrom a plasmaof quarksand gluonsto hadronsat a temperaturel’ ~
100 MeV.!3 Previousto that, the electraveaktransitionwhenStandardModel particles
acquiredtheir massess thoughthave occurredwhenthe Universewas ~ 107! to
~ 1071% sold, andthetemperaturd” ~ 100 GeV
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Fig. 2. Thereis goodconcordancéetweerthe obsenedalundance®f light elements
andcalculationsof Big-Bangnucleosynthesi¥

During the expansionof the Universe,it actsasa ‘cosmic decelerator’whoseef-
fective temperaturd’ falls asit expands:

T ~ 5 (2)

wherea is the scalefactormeasuringhe sizeof the Universe.During the early history
of the Universewhenmostparticlemassesverengyligible, the rate of expansionwas
suchthattheage

t ~ a° ~ —. (3)

Insertingthe units, one finds that the temperatureof the Universewould have been
about10'° K whenit wasabouta secondold. Suchhigh temperaturesorrespondo
high enegies for the thermalizedparticles: 10! K ~ 1 MeV (cf the electronmass
~ 1/2 MeV), 10'* K ~ 1 GeV (cf the protonmass~ 1 GeV). In general the time-
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temperatureelationis suchthat

1
E—— 4
T(MeV)? @)
Thus, it is clearthatthe very early history of the Universemusthave beendominated
by elementaryparticles,andonly their physicscanexplain how the Universegotto be

t(sec) ~

theway it is today

3 Particle Physics beyond the Standard M odel

As you canseein Fig. 3, datafrom the LEP acceleratoare,unfortunatelyin excellent
agreementvith the StandardModel. Indeed,no acceleratodataprovide evidencefor
physics beyond the StandardViodel. Neverthelessparticle physicistsare corvinced
that there must be accessiblephysics beyond the StandardModel, becausat leaves
mary fundamentabjuestionsunansweredWe seekthe Origin of Particle Massesand
the reasonwhy they areso muchsmallerthanthe Planckmassmp ~ 10 GeV. Are
the masseslueto a Higgs boson,andis it accompaniedy supersymmetriparticles?
We seeka Theoryof Flavour, becausehe Standardviodel hassix random-seeming
quarkmassesthreedisparatehaged-leptommasseshreeweakmixing anglesandthe
CP-violatingKobayashi-Maskaa phase.Moreover, we seeka Grand Unified Theory
becaus¢he StandardModel hasthreeindependengaugecouplingsand(potentially)a
CP-violatingphasen QCD.AltogethertheStandardModelhasatotalof 19parameters,
without even addressinghe more fundamentabjuestionsof the origins of the particle
quanturmumbers Beyondall thesebeyonds othertheoristseekaTheoryof Everything
thatincludeggravity, reconcilest with quantunmechanicsgxplainstheorigin of space-
time andwhy we live in four dimensiongif we do so).

Non-acceleratoneutrinoexperiments®'” now provide us with the first direct ev-
idencefor physicsbeyond the Standardviodel, corvincing us that neutrinososcillate
and have differentnon-zeromasses.To describethese we needthreeneutrinomass
parameterghreeneutrinomixing anglesandthreeCP-violatingphasesn the neutrino
sector Moreover, we shouldnot forgetaboutgravity, with at leasttwo parameterso
understandNewton’sconstantyy = mp* ~ (10'° GeV)~2 andthecosmologicalcon-
stant’, which recentdatasuggests non-zero, andmay not even be constant.Talking
of cosmology we would needat leastone extra parameteto producean inflationary
potential,and at leastone otherto generatehe baryonasymmetrywhich cannotbe
explainedwithin the StandardViodel.
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Fig. 3. Datafrom LEP andothere™ e~ experimentsagreeperfectlywith the predictions
of the StandardModel !®

At whatenepgy scalemightnew physicsbeyondtheStandardodelappearbetween
the enepgies < 100 GeV alreadyexplored andthe Planckenegy ~ 10' GeV?The
Problemof Massmustpresumablybe solved by new physicsatsomeenegy < 1 TeV,
whetheiit bejustaHiggsbosoror somericherphysicssuchassupersymmetry? Simple
ideasof GrandUnificationsuggeshew physicsatascale~ 10'® GeV.” Ontheother
hand,we have no goodideawhatenegy scalemight be associatedavith the solutionto
theProblemof Flavour, or whereextradimensionsnightappearIf thereis asignificant
discrepang betweertheBNL measuremermf themuonanomalousnagnetianoment’
andthe Standaraviodel, which is not yet establishedthis could only removed by new
physicsatascales 1 TeV. Therearetwo circumstantialpiecesof evidencein favour
of GrandUnification,namelythe existenceof neutrinomasses whichmighthave been
generatecht somemassscalebetween~ 10'° GeV and~ 10 GeV - andthe weak
neutral-currenmixing anglesin® 6y,. The value of the latter could be explainedby
GrandUnification at a scale~ 10'® GeV combinedwith supersymmetrat a scale
~ 103 GeV."?

TheLHC will beableto discover ‘any’ new physicsatascales 10° GeV, but mary
of the otherideasmentionedabove may not be directly testableat accelerator$or the
foreseeabléuture. Astrophysicsandcosmologymay provide the only laboratoriedor
testingsomeof thesdadeas.For example thecosmicmicrowave backgroundCMB) and
inflation maybeproviding adirectwindow onphysicsatthe GUT scale andultra-high-
enegy cosmicrays (UHECRs)might be dueto the decaysof metastablesuperheay
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particleweighing~ 10'* GeVor so?! Ontheotherhand,mary particlecandidatesor
darkmatterweigh< 1 TeV andcouldbedetectedttheLHC. It seemghataccelerators,
astroplysicsandcosmologyarecondemnedo symbiosis.

4 Density Budget of the Universe

What doesthe Universecontain? Let us enumeratats compositionin termsof the
densitybudgetof the Universe measuredelative to thecritical density:<; = p;/ perit-
Inflation*? suggestshatthetotal densityof the Universeis very closeto thecritical
value: Q;,; ~ 1+0(107*), andthisestimateds supportedy CMB data'® | remindyou
thatinflation explainswhy the Universeis solarge: thescalesizea > (p ~ 10733 cm,
why theUniverseis soold: its aget > tp ~ 10743 s,why its geometnyis sonearlyflat
with a Euclideangeometryandwhy the Universeis sohomogeneouen large scales.

It achievesthesefeatsby postulatingan epochof (near) exponentialexpansion
duringtheveryearlyUniverse makingthe Universeverylargeandgiving it alongtime
to recollapse(if it ever will). Eventhe mostdistantpartsof the obsenable Universe
would have beenvery closeto eachotherprior to this inflationaryepoch,andsocould
have synchronizedheir behaiours. Thisinflationaryexpansionwould have blown the
Universeuplik eaninflatedballon,whichseemalmostflatto anantliving onits surface.
Duringtheinflationaryexpansionguantumfluctuationsn theinflatonfield would have
generatedmalldensityperturbationgcf. theobsenationsin Fig. 1) capableof growing
into the structuresseenin the Universetoday?® asdiscussedater

Big-BangNucleosynthesisuggestthatthebaryondensity), ~ 0.04,'? anestimate
thathasbeensupportedy analyse®f therelative sizesof smallfluctuationan theCMB
atdifferentscales?

The baryonsareinsuficient to explain the total matterdensity(?2,, ~ 0.3, asesti-
matedindependentlypy analyse®f clustersof galaxiesand,morerecently by combin-
ing theobsenationsof high-redshifsuperneaewith thoseof theCMB. Thesupernwae
constrainthe densitybudgetof the Universein a way thatis almostorthogonalto the
CMB constraintandis very consistentvith the prior indicationsfrom galaxyclusterst

Obsenationsof the structureghat have formedat differentscalesn the Universe
suggesthatmostof the missingdark matteris in theform of non-relatvistic cold dark
matter, asdiscussedn the next session.

Thetheoryof structurformationsuggestshatverylittle of thedarkmatterisin the
form of hot dark matterparticlesthatwererelatvistic whenstructuresstartedto form:
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Qnoth? < 0.0076.11 Applying this constrainto neutrinosfor which
2iimy,

93eV’ ©)
thisconstraintellsusthatX;m,, < 0.7 eV, alimit thatis highly competitve with direct
limits.2*

If Q,; >~ 1 andthematterdensitys2,, ~ 0.3, how dowe balancehe densitybudget
of the Universe? Theremustbe vacuumenegy A with Q, ~ 0.7. All the available
cosmologicaldataare consistentwith A having beenconstantat redshiftsz < 1, as
per Einsteins original suggestiorof a cosmologicakonstant.However, we cannotyet
excludesomeslowly varyingsourceof vacuumeneny, ‘quintessenceklith anequation

O,h? ~

of stateparametrizethy w = p/p < —0.8.2° Measurableacuumenegy would provide
a secondgeneral-relatiity obsenableto explain, in additionto the Planckmassscale
mp. Thiswouldprovideatremendouspportunityfor ary theoryof everythingincluding
quantumgravity, suchasstringtheory The ultimatechallengefor theoreticalphysics
may beto calculateA.

5 Cosmological Baryogenesis

We have seenthat Big-Bang Nucleosynthesié¢ andthe CMB!° independentlymply
that baryonsmake up only a few % of the densityof the Universe. Numerically this
correspond#abaryon-to-photonation;, /n., ~ 10~2—10'%, raisingseveralquestions.
Why is theresolittle baryonicmatter?Why is thereary atall? Why is thereapparently
no antimatter?

Astronautgdid notdisappeain a burstof radiationwhenthey landedon the Moon,
and neitherhave spaceprobeslandingon Mars or an asteroid. The small abundance
of antiprotondn the cosmicraysis consistentvith their productionby primary matter
cosmicrays2® andnoantinucleihave beenseer?’ If therewereary largeconcentration
of antimatterin our local clusterof galaxies,we would have detectedradiationfrom
matterantimatterannihilationsatits boundary The CMB would have beendistortedby
similarradiationfrom arny matterantimatteboundarywithin theobsenableUniverse?®
So it seemsthat there must be a real cosmologicalasymmetrybetweenmatterand
antimatter

Thiscouldbeexplainedif, goingbackto whentheUniversewaslessthan10~¢ sold,
it containecaboutoneextra quarkfor every 10° quark-antiquarkairsin the primordial
soup.As the Universeexpandedmostof the quarkswould have annihilatedwith those
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antiquarksto produceradiation,andthe few quarksleft over would have survived to
combineinto thebaryonsseentoday Wheredid this smallquark-antiquarkasymmetry
originate?Did theBig Bangstartoff with it, or did thelaws of Naturegeneratet during
thesubsequengxpansion?

Theconditionsfor suchcosmologicabaryogenesigereestablishedy Sakhare in
1967% Therehasto be a differencebetweerthe interactionsof matterandantimatter
particles,in theform of chage-conjugtion (C) violation, which wasdiscoveredin the
weakinteractionsn 1957,and CP violation, which wasdiscoveredin kaondecaysn
1964. Theremustalsohave beena departurdrom thermalequilibrium, which would
have beenpossibleduring a phasetransition,perhapghe electraveak phasetransition
whent ~ 107!° soraGUT phasdransitionwhent ~ 10736 s, or attheendof inflation.
Finally, theremusthave beenaviolationof baryonnumberwhichwouldhave happened
throughnonperturbatie weakinteractionsat high temperature® andis thoughtto bea
genericfeatureof GUTSs.

Variousspecificmechanism$or Big-Bangbaryogenesibave beenproposedrang-
ing from the out-of-equilibriumdecaysof GUT bosong' or heary neutrinog? to pro-
cessesroundthe epochof the electraveak phasetransition. The CP violation in the
StandardViodel seemsnadequatéo generateghe requiredbaryonasymmetrybut this
might be possibléf it is extendedo includesupersymmetry?

6 Formation of Structures

How have thesehard-won baryonsorganizedthemselesinto the structures clusters,
galaxies,stars,planetsand us - that we seein the Universetoday? As alreadymen-
tioned, the prime candidategor the seedof thesestructuresarequantumfluctuations
in theinflatonfield, which would have causedlifferentpartsof the Universeto expand
differently and generateda Gaussianrandomfield of densityperturbationg? If the
inflatonenegy wasroughly constanduringinflation, theseperturbationsvould be al-
mostscale-itvariant, aspostulatedby astroplysicists. The CMB datashavn in Fig. 1
areconsistentvith boththeseproperties Acceptingthis scenariothe magnitudeof the
primordialperturbationsvould berelatedto thefield enegy density;:* duringinflation:

oT dp 9
(T) x (p) x uGy. (6)



LO1

SLAC Summer Institute, July 28 - August 8, 2003, Stanford, California

Insertingthe magnitudeof 6p/p ~ 10~ obseredby the COBE andsubsequergxper
iments!® oneestimates
pn ~ 10'% GeV, (7

comparablavith the GUT scale!?

Theseprimordialperturbationsvould have producedcembryonigpotentialwellsinto
whichthenon-relatvistic cold darkmatterparticleswould havefallen,while relatwvistic
hot dark matterparticleswould have escapedIn this way, cold matterparticleswould
have amplifiedtheamplitudesf theprimordialdensityperturbationswhile thebaryons
were still coupledto the relatvistic radiation. Then, when the baryonic matterand
radiation‘re-’ combinedo form atoms they would have falleninto thedeepepotential
wellspreparedby thecolddarkmatter Thistheoryof structurdormationfits remarkably
well thedataon all scalesfrom over 10> Mpc down to ~ 1 Mpc.!%?

7 Candidatesfor Dark Matter

It is thisagreementhatprovidesthe moststringentupperlimit onthepossiblehotdark
mattersuchasneutrinos.As discusseearlier mostof the dark matteris thoughtto be
non-relatvistic cold darkmatter Therearealmostasmary candidate$or thisasin the
2003Californiangubernatoriaklectionbut, asin thatcase someof the candidatesire
morefavouredthanothers.

LightestSupesymmetridParticle: Theexistenceof supersymmetratrelatively low
enegies< 1 TeVis motivatedby thehierarcly problem,namelywhy is theelectraveak
scalemy, < mp ~ 10! GeV, the only candidateve have for a primary massscale
in physics* Alternatively, onemay rephrasehis questionaswhy the Fermiconstant
Gr > Gy, theNewtonconstantpr aswhy the CoulombpotentialVeuioms => Viewton
in anatom. This canbetracedto thefactthat Ze? = O(1) > m?/m%, whichisin turn
dueto thefactthatthe masse®f particlesin atomsm < my < mp.

Youmightthink it besufiicientto setm, < mp by handandforgetaboutthehier-
archy problem. However, thisis insufiicient becausétandardviodel loop corrections
to theHiggsand/orlv massarequadraticallydivergent:

dmy =~ O <a> A2, ®)

™

whichis > mZ; if thecutoff A wherethe StandardModelbreaksdown andnew physics
appears~ mgyr or mp. Theseloop correctionscan be controlled by postulating

10
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supersymmetry; which predictsthatbosonsandfermionsappeaiin pairswith equal
couplings.Sincethedivergencesn bosonloopsarepositive andthosein fermionloops
arenggative, (8) is replacedoy

5m§{’W ~ O <a> (mQB - m%) : 9

whichis < m3, if
im%, —m3| <1 TeV2 (10)

Thus, the loop correctionsto the electraveak scalemay be madenaturally small by
postulatingsmalldifferencesetweersupersymmetripartnerparticles.

It is a genericfeatureof mary supersymmetrienodelsthatthe lightestsupersym-
metric particle (LSP) is stable,asa resultof a particularcombinationof baryonand
leptonnumbelbeingconsered. Thisensureshatheavier sparticlescanonly decayinto
lighteronesandtheLSPis stablebecausé& hasnoalloweddecaymodes.Furthermore,
genericallythe LSPis electricallyneutralandhasonly weakinteractionsmakingit an
idealweakly-interactingnassve particle(WIMP).2 Moreover, therearegenericregions
of thesupersymmetrispacevheretherelic LSPdensityfallswithin therangepreferred
by the cosmologicabata,asseenin Fig. 4.3°

The LSP hasmary rivals to be the cold dark matter including axions and the
‘Schwarzengger’ candidate an ultraheay metastableparticle3” The next two sec-
tionsdiscusshow thesecandidatesnight be electedby experiment.

8 Searchesfor Dark Matter L SPs

Annihilationsin the galactic halo: Thesewould producesomeantiprotons positrons
andphotonghatmightbedetectabl@monghecosmicrays3® Asalreadydiscussedhe
obsened antiprotonsappearcompletelyconsistenwith productionby primary matter
cosmicrays?® The prospectsor detectingLSP annihilation positronsdo not look
bright either atleastin a setof proposedsupersymmetribenchmarkscenarios® The
prospectgor detecting. SP annihilationphotonsmaybe brighter if the LSP densityis
enhancedh thecoreof thegalaxy. As seenin Fig. 5, GLAST mightbethebest-placed
to detectthese.

Annihilationsin the Sunor Earth: As LSPsfly thoughthegalaxy, someof thempass
throughthe Solar Systemon hyperbolictrajectories. If they passthroughthe Sunor
Earth they mayscatterandthedeposiofrecoilenegy maycorverttheirtrajectoriesnto

11
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Fig. 4. Stripsin the parameterspaceof the minimal supersymmetriextensionof
the StandardModel, assuminguniversal GUT-scalemassegm, 2, mg) for the new
supersymmetriéermionsandbosonsyespectiely, thatareconsistentvith accelerator
andcosmologicablata?® Thedifferentstripscorrespondo differentvaluesof theratio
tan 7 of Higgsvev’'s,andthetwo paneldo differentsignsof theHiggsmixing parameter
u. Thecrossesnarkspecifichenchmarlkscenariogxploredlater¢

elliptical orbitswith perihelions(perigeespelon the surfaceof the Sun(Earth). They
wouldthenscatterepeatedlylosingmoreenegy eachtime, until they eventuallysettle
into acloudin thecore. Therethey would annihilate andary high-enegy neutrinothey
producemightbedetectablén undegroundexperiments® eitherby interactionsnside
thedetectoror via collisionsin nearbymaterialthatproducemuonspassinghroughthe
detector As seenin Fig. 6,2% annihilationgnsidethe Sunwould bedetectablén several
supersymmetriscenarioswhereashe prospectsor detectingterrestrialannihilations
donotlook sogood.

Direct detectionof dark matterscattering In mary scenariosijt is also possible
to detectdirectly the scatteringof LSPson nucleiin a low-backgroundundeground
laboratory’® via the few KeV of recoil enegy deposited.This scatterings expected
to have bothspin-dependerandspin-independerdomponentsyith thelatterseeming
more promisingfor the relatvely heary LSPsfavouredby the absenceof sparticles
in collider experimentsto date. As seenin Fig. 7,2 dark mattermay be detectable

directlyin thiswayin anumberof supersymmetriscenariosatleastin someprojected
experiments.

12
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Fig. 5. Obsenrationsof v raysfrom the galacticcentreby GLAST andground-based
experimentsmay be ableto testcertainsupersymmetribenchmarkscenarios?

9 New Physicsin Ultra-High-Energy Cosmic Rays?

Now for the‘Arnold’ candidate’” Thespectrunof cosmicraysfallsalmostfeaturelessly
~ E=3until E ~ few x 10! GeV.At enegiesE 2 10*° GeV, protonsor nucleicoming
from morethan~ 50 Mpc awaywould have scattereedbn CMB photonsbeforereaching
us, producingpionsandlosingenegy — the GZK cutoff.¢

TheAGASA experiment! hasreportedseeingultra-high-enegy cosmicrays(UHE-
CRs)beyondthe GZK cutoff, but the HiResexperiment? doesnot. TheAugerexperi-
ment? now underconstructiorin Argentinashouldbeableto tell usdefinitively whether
suchUHECRsexist. Whatmightbetheir origins?

Themostplausibleis somebottom-up’mechanisnof acceleratiory astroplysical
sources.Theupperlimit ontheenegy attainablewith sucha cosmicaccelerators

E ~ 1087 (K};C) <fG> eV, (11)

whereZ is the atomicnumberof the acceleratedhucleus,R is the size of the cosmic
acceleratoand B its magneticfield. Fig. 8 shavs someof the possibleastroplysical
sourcesof UHECRSs, including neutronstars, active galactic nuclei (AGNS), radio-
galaxylobesandgalacticclusterswith gamma-rayoursterd GRBs)beingotherpossible
sources.In ary scenariobasedon suchdiscretesourcespne might expectclustering
of arrival directionsandcorrelationswith astroplysicalobjects,ashassometimedeen
claimed*

13
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Fig. 6. Searchedn IceCubeandotherkm? detectorsor enegetic muonsoriginating
from the interactionsof high-enegy neutrinosproducedby the annihilationsof su-
persymmetriaelic particlescapturednsidethe Sunmay probesomesupersymmetric
benchmarkscenarios?

Alternatively, one might postulatesome'top-dowvn’ modelbasedon the decaysor
interactionof massie GUT-scaleparticles? Suchsuperheay candidatescludetopo-
logical defectsandmetastableelic particles suchasthe cryptonsexpectedasrelics of
the hiddensectorin string models?!' The enegy spectrumof their decayscanfit the
AGASA spectrumof UHECRs?® asseenin Fig. 9, but their compositionis potentially
anissue.In suchmodelsmostof the UHECRswould arisefrom decayswithin thehalo
of our own galaxy, andtheir arrival directionsshouldbe anisotropic. Therecould be
someclusteringf alargefractionof thecolddarkmatterin ourgalactichalois clumped.

10 TheEnd of the Beginning

Copernicugaughtusthatwe do not live at the centreof the Universe. Modernastro-
physiciststeachusthatwe arenot madeof the samestuff asmostof the matterin the
Universe andmoderncosmologistdgeachusthatmatteris not eventhe dominantform

of enegy in the Universe. The challengefor coming obsenationsis to prove these
assertionanddeterminethe natureof the missingmatterandenegy. Therestof this

summeirinstitutewill provide you with someof thetoolsyouwill needfor thistask.

14
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Fig.7. Directsearche®r thescatteringf superysmmetricelic particlesn undeground
detectoramay probesomesupersymmetribenchmarkscenarios® comparedvith the
possiblesensitvities of future experiments.
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