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Moduli StabilisationModuli Stabilisation



ModuliModuli StabilisationStabilisation
Type IIB String on Type IIB String on CalabiCalabi--YauYau

Turn on FluxesTurn on Fluxes
∫∫aa FF33 = n = n aa ∫∫bb HH33 = m = m bb

SuperpotentialSuperpotential W =W = ∫∫ GG33 ΛΛ ΩΩ,     G,     G3 3 = = FF3 3 ––iSiS HH33

Scalar Potential:Scalar Potential: V= V= eeKK |D|DaaW|W|22

MinimumMinimum DDaaWW = 0 = 0 Fixes Fixes UUaa and Sand S
T T modulimoduli unfixed: unfixed: NoNo--Scale modelsScale models

Size of cycle a = Size of cycle a = UUaa

GKPGKP



KKäählerhler modulimoduli: Non: Non--perturbativeperturbative D7 effectsD7 effects

FluxesFluxes NonNon--perturbativeperturbative

VolumeVolume

SUSY SUSY AdSAdS minimumminimum

(W(W00 << 1)<< 1)

KKLTKKLT



ExponentiallyExponentially LargeLarge
VolumesVolumes



Exponentially Large VolumesExponentially Large Volumes

At least two KAt least two Käählerhler modulimoduli (h(h2121>h>h1111>1)>1)
PerturbativePerturbative corrections to Kcorrections to K

Example :Example :

Exponentially large !Exponentially large !

BBCQ, CQSBBCQ, CQS



Non SUSY Non SUSY AdSAdS

WW00~1~1--1010

String scale: MsString scale: Ms22=Mp=Mp22//VV



KKLT KKLT AdSAdS

Non SUSY Non SUSY AdSAdS

WW00~10~10--1010

WW00<10<10--1111

Both minima Both minima 
closeclose



Modular Model BuildingModular Model Building
((BottomBottom up up approachapproach))



TheThe Standard Standard ModelModel in in thethe CYCY



BottomBottom up up ApproachApproach

GaugeGauge groupgroup
ChiralChiral spectrumspectrum
YukawaYukawa couplingscouplings
GaugeGauge unificationunification
ProtonProton stabilitystability
BaryogenesisBaryogenesis
ReheatingReheating

ModuliModuli StabilisationStabilisation
SUSY SUSY BreakingBreaking
SoftSoft termsterms
CosmologicalCosmological constantconstant
InflationInflation

Local (Local (branebrane) ) PropertiesProperties Global (Global (bulkbulk) ) PropertiesProperties



Standard Standard ModelModel onon D7 D7 BranesBranes

SolveSolve hierarchyhierarchy problemproblem MMstringstring = 10= 101111 GeVGeV!!

WW00~1 (no fine tuning)~1 (no fine tuning)

KahlerKahler potential for potential for chiralchiral matter computedmatter computed
ConlonConlon, , CremadesCremades, FQ , FQ 



4D 4D effectiveeffective ActionAction

ΦΦ modulimoduli, C , C mattermatter, H , H HiggsHiggs

NewNew!!

ChiralChiral mattermatter in CYin CY
ConlonConlon, , CremadesCremades, FQ , FQ 



ChiralChiral MatterMatter onon D7 D7 BranesBranes
SoftSoft SUSY SUSY BreakingBreaking termsterms

•• UniversalityUniversality!!
•• No extra CP No extra CP violationviolation!!
•• MMii = m= m3/23/2 / / loglog ((MpMp/m/m3/23/2))
•• StringString scalescale 10101111 GeVGeV
•• SolvesSolves hierarchyhierarchy problemproblem!!

ConlonConlon et al.et al.

SimplestSimplest casecase

More general caseMore general case



StringyStringy sourcesource of of universalityuniversality
((approximateapproximate))

CP CP ViolationViolation

PhysicalPhysical phasesphases vanishvanish !!

AlsoAlso: : AnomalyAnomaly mediationmediation suppressedsuppressed !!



FromFrom StringsStrings toto LHC dataLHC data
StabiliseStabilise ModuliModuli
SUSY SUSY brokenbroken withwith hierarchyhierarchy
““RealisticRealistic”” Observable sector Observable sector 
SoftSoft SUSY SUSY BreakingBreaking termsterms@Ms @Ms 
RGRG--Running of Soft terms to Running of Soft terms to TeVTeV ((softsusysoftsusy))

Event Generators Event Generators (PYTHIA(PYTHIA--HerwigHerwig))

Detector Simulators Detector Simulators (PGS, GEANT)(PGS, GEANT)

Data Analysis and reconstructionData Analysis and reconstruction (Root)(Root)

Estimate overall uncertaintyEstimate overall uncertainty

1010--11 fbfb

CKSAQ CKSAQ 0705.3460[hep0705.3460[hep--ph],ph],



LowLow energyenergy spectrumspectrum



AllowedAllowed RegionsRegions

RenormalisationRenormalisation groupgroup runrun



CosmologyCosmology

((InflationInflation, , CosmologicalCosmological modulimoduli
problemproblem, etc.), etc.)



KKäählerhler ModuliModuli InflationInflation

Calabi-Yau: 
h2121>>h1111>2

volume τn

V

ConlonConlon--FQ FQ 

BondBond--KofmanKofman--ProkushkinProkushkin

Small field inflation
No fine-tuning!!
0.960<n<0.967

GUT GUT scalescale MsMs?,          ?,          LoopsLoops??
See Andrei + See Andrei + RenataRenata’’ss talkstalks



PhysicsPhysics ofof ModuliModuli FieldsFields

DilatonDilaton andand ComplexComplex
StructureStructure

SmallSmall ((heavyheavy) ) KahlerKahler modulimoduli

LargeLarge ((lightlight) ) KahlerKahler modulusmodulus

ModuliModuli massesmasses::



PhysicalPhysical FieldsFields

DecayDecay RatesRates



OtherOther CosmologicalCosmological ImplicationsImplications
CosmologicalCosmological modulimoduli problemproblem

ObservationalObservational implicationsimplications of of lightlight volumevolume
modulusmodulus??

U,SU,S: : trappedtrapped atat theirtheir minimumminimum
T: T: exceptexcept forfor volumevolume, , heavyheavy ad ad decaydecay fastfast ! (No ! (No 

CMP CMP nornor gravitinogravitino overproductionoverproduction))
VolumeVolume: (: (massmass MeVMeV) CMP ) CMP 

XX--rays,Gammarays,Gamma raysrays, e, e++--ee--

J.ConlonJ.Conlon, FQ, FQ

DCQR, BKNDCQR, BKN



Solution of CMP?Solution of CMP?
Thermal InflationThermal Inflation

Lyth+StewartLyth+Stewart (1995)(1995)

Number of eNumber of e--foldsfolds

N~10 dilutes N~10 dilutes modulimoduli



Diffuse Gamma Ray BackgroundDiffuse Gamma Ray Background

Late time implications:Late time implications:



The 511 The 511 keVkeV LineLine



INTEGRAL/ SPI  511 INTEGRAL/ SPI  511 keVkeV lineline

Light Light ModulusModulus χχ: : DarkDark mattermatter??
MassMass 1MeV1MeV, , couplingcoupling toto electronselectrons dominantdominant

511 511 keVkeV fromfrom volumevolume modulusmodulus decaydecay? (? (predictionprediction!)!)



IntensityIntensity

INTEGRALINTEGRAL



CONCLUSIONSCONCLUSIONS

Exciting times for string phenomenology!Exciting times for string phenomenology!
Soft terms calculable          rich Soft terms calculable          rich 
phenomenologyphenomenology
Distinctive Distinctive modulimoduli cosmologycosmology
Concrete models of inflationConcrete models of inflation
Model independent light modulus            Model independent light modulus            
(CMP, 511 (CMP, 511 keVkeV? Prediction!)? Prediction!)

Many open questionsMany open questions MMGUTGUT vsvs 10101111 GeVGeV scales?scales?
Fully realistic model?...Fully realistic model?...
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