
CouplingCoupling ModuliModuli to Inflationto Inflation

AstroparticleAstroparticle workshopworkshop
Warsaw February 2007Warsaw February 2007



OutlineOutline

ModuliModuli

Mutated chaotic inflationMutated chaotic inflation

FF--term hybrid inflationterm hybrid inflation

DD--term hybrid inflationterm hybrid inflation



ModuliModuli FieldsFields
ModuliModuli fieldsfields parameterise parameterise flat directionsflat directions of the of the 
scalar potential in scalar potential in supersymmetricsupersymmetric modelsmodels
Flat directions ubiquitous in Flat directions ubiquitous in susysusy gauge theories gauge theories 
(even the MSSM)(even the MSSM)
Flat directions can have a direct geometric origin, Flat directions can have a direct geometric origin, 
e.g. e.g. shape shape modulimoduli ((KahlerKahler or complex structure or complex structure 
modulimoduli))
The The dilatondilaton is a is a modulimoduli as string perturbation as string perturbation 
theory does not fix its value.theory does not fix its value.
ModuliModuli can have a dynamical origin, e.g. can have a dynamical origin, e.g. branebrane
distancesdistances of BPS configurations (no force).of BPS configurations (no force).
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The KKLT ScenarioThe KKLT Scenario
In type IIB string theory In type IIB string theory compactifiedcompactified on a on a CalabiCalabi--YauYau manifold (10d to manifold (10d to 
4d), there are 3 types of 4d), there are 3 types of modulimoduli: the : the KahlerKahler modulimoduli, the complex , the complex 
structure structure modulimoduli and the and the dilatondilaton..
Introducing Introducing fluxesfluxes, the complex structure , the complex structure modulimoduli and the and the dilatondilaton are are 
stabilised.stabilised.

This is due to the This is due to the superpotentialsuperpotential::

This leaves the This leaves the KahlerKahler modulimoduli as flat directions.as flat directions.
In general, only one In general, only one KahlerKahler modulimoduli TT: the size of the compact manifold: : the size of the compact manifold: 
How to stabilise it??How to stabilise it??



No scale?No scale?
The The KahlerKahler potentialpotential of the T modulus is of the noof the T modulus is of the no--scale type.scale type.

Once the Once the dilatondilaton and complex structure and complex structure modulimoduli have been stabilised, the resulting have been stabilised, the resulting 
superpotentialsuperpotential is constantis constant

NonNon--perturbativeperturbative effect appear on D7 effect appear on D7 branesbranes wrapped around 4wrapped around 4--cycles of the CY cycles of the CY 
compactificationcompactification::

The nonThe non--perturbativeperturbative superpotentialsuperpotential is nothing but an SQCD effect with a gauge function:is nothing but an SQCD effect with a gauge function:

The size The size modulimoduli T picks up a scalar potential with a negative minimum.T picks up a scalar potential with a negative minimum.
The minimum describes an anti de Sitter space.The minimum describes an anti de Sitter space.



Of course, we do not live in Of course, we do not live in AdSAdS space!!.space!!.
Need to “Need to “upliftuplift” the potential to get a vanishing ” the potential to get a vanishing 
(nearly) cosmological constant.(nearly) cosmological constant.
Originally, “uplifting” by adding an Originally, “uplifting” by adding an antianti--branebrane..
Badly nonBadly non--supersymmetricsupersymmetric (mutated chaotic and (mutated chaotic and 
FF--term inflation).term inflation).
Lifting by Lifting by FF--termsterms, coupling to , coupling to metastablemetastable susysusy
breaking sectors.breaking sectors.
Lifting by Lifting by DD--termsterms: tricky due to gauge invariance : tricky due to gauge invariance 
and anomalies… the route we will follow for Dand anomalies… the route we will follow for D--
term inflation.term inflation.

UpliftingUplifting





Inflation and Inflation and SupergravitySupergravity
Inflation requires Inflation requires flat potentialsflat potentials

Almost scale invariant spectrum Almost scale invariant spectrum 

requiring requiring 

In global In global susysusy, easy to obtain , easy to obtain chaotic inflationchaotic inflation

In In supergravitysupergravity the potential depends onthe potential depends on

K K KahlerKahler potential,potential, W W superpotentialsuperpotential

easy to obtain easy to obtain Hybrid inflation, Hybrid inflation, tricky tricky Chaotic inflationChaotic inflation



KKLT Stabilisation and InflationKKLT Stabilisation and Inflation
In string theory            In string theory            ModuliModuli (volume of the (volume of the compactifyingcompactifying manifold)manifold)

StabilisationStabilisation

Inflation          motion of D3 Inflation          motion of D3 branesbranes

BraneBrane--antibraneantibrane potential lifts the potentialpotential lifts the potential

Around the stabilised modulusAround the stabilised modulus

mass of the mass of the inflatoninflaton of the Hubble scaleof the Hubble scale

large value of large value of 

needs fineneeds fine--tuning (KKLMMT scenario)tuning (KKLMMT scenario)



The flatness problemThe flatness problem
In In supergravitysupergravity models of inflation, the scalar potentialmodels of inflation, the scalar potential

For canonically normalised fields, large mass for the For canonically normalised fields, large mass for the 
inflatoninflaton

Generically, Generically, scalar indexscalar index



Shift SymmetryShift Symmetry

InflatonInflaton flat direction flat direction 
Lifted by interactionsLifted by interactions
Along the flat direction        Along the flat direction        shift symmetryshift symmetry

Natural in string theory       motion of D3/D7Natural in string theory       motion of D3/D7



Special form of the superpotential

After a Kahler transformation 

Inflation obtained by breaking shift symmetry in the superpotential

Does not generate large values of the mass 



Mutated chaotic inflationMutated chaotic inflation
SuperpotentialSuperpotential for for modulusmodulus

Leads to Leads to AdSAdS susysusy vacuum vacuum 

Introduce a lifting term breaking Introduce a lifting term breaking susysusy and and 

SuperpotentialSuperpotential for inflationfor inflation

ChaoticChaotic inflation inflation superpotentialsuperpotential: : 

Can be obtained in the condensed phase of Can be obtained in the condensed phase of 
D3/D7 systemD3/D7 system

COBE normalisationCOBE normalisation



The scalar potentialThe scalar potential
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Curved inflationary trajectoryCurved inflationary trajectory
Scalar potentialScalar potential

Curved trajectoryCurved trajectory

Inflationary valleyInflationary valley

End of inflation End of inflation 



Mutated Mutated vsvs HybridHybrid



Spectral IndexSpectral Index

Comparison with Comparison with chaoticchaotic inflationinflation

Mutated chaoticMutated chaotic inflationinflation



ModuliModuli can have a strong influence on can have a strong influence on 
inflation.inflation.
In the In the D3/D7 systemD3/D7 system, hybrid inflation , hybrid inflation 
occurs where  the occurs where  the inflatoninflaton is the is the 
interbraneinterbrane distance and  the waterfall distance and  the waterfall 
fields are the open strings connecting fields are the open strings connecting 
the the branesbranes. The resulting  . The resulting  
superpotentialsuperpotential::

At tree level, the potential is flat along At tree level, the potential is flat along 
the the inflatoninflaton direction. Slope due to direction. Slope due to one one 
loop correctionsloop corrections..
At the end of inflation, the At the end of inflation, the waterfallwaterfall
fields condensefields condense (due to a (due to a FayetFayet--
Iliopoulos term) and cosmic strings can Iliopoulos term) and cosmic strings can 
be formed.be formed.

What is the influence of What is the influence of modulimoduli??

Hybrid inflationHybrid inflation



FF--term Hybrid Inflationterm Hybrid Inflation
Hybrid inflation coupled to Hybrid inflation coupled to modulimoduli

Stringy origin if x=0, Stringy origin if x=0, 

inflatoninflaton ((interbraneinterbrane distance)distance)

waterfall fieldswaterfall fields (open strings)(open strings)

ShiftShift symmetry symmetry 



The The potentialpotential during during inflationinflation

KKLT stabilisation potentialKKLT stabilisation potential

Inflation scaleInflation scale

EndEnd of inflation by instabilityof inflation by instability



Stability of Stability of modulimoduli during inflationduring inflation

very large very large gravitinogravitino mass, large mass, large sparticlesparticle
masses masses 
Small inflation scale Small inflation scale vsvs potential barrierpotential barrier

Slow roll parametersSlow roll parameters

conflict only resolved by fineconflict only resolved by fine--tuningtuning



Curved Inflation TrajectoriesCurved Inflation Trajectories

InflatonInflaton--modulimoduli coupling leads to coupling leads to curved curved 
trajectoriestrajectories
Close to the Close to the modulimoduli minimum minimum 
Effective potential Effective potential 

mass of the mass of the modulimoduli fieldfield



EtaEta problemproblem

In general      large unless In general      large unless 

FineFine--tuning of tuning of 

may be possible….. may be possible….. 



DD--term Hybrid Inflationterm Hybrid Inflation

Inflation due to field dependent Inflation due to field dependent FayetFayet--Iliopoulos Iliopoulos 
termsterms
Uplifting due to a second Uplifting due to a second FayetFayet--Iliopoulos termIliopoulos term
SuperpotentialSuperpotential

nonnon--analytic analytic superpotentialsuperpotential to lift an to lift an AdSAdS vacuumvacuum



Hybrid Inflation Coupled to Hybrid Inflation Coupled to ModuliModuli

Inflation can Inflation can destabilisedestabilise modulimoduli if if 
the inflation scale is much the inflation scale is much 
higher than the barrier scale of higher than the barrier scale of 
the the modulimoduli potentialpotential

ModuliModuli modifymodify the one loop the one loop 
potentialpotential

ModuliModuli can can preventprevent graceful exitgraceful exit

ModuliModuli can can alteralter the spectral the spectral 
index (structure formation).index (structure formation).





ConclusionsConclusions

Inflationary model combiningInflationary model combining modulusmodulus
stabilisation stabilisation and and inflationinflation
Curved inflationary trajectoriesCurved inflationary trajectories
Chaotic inflation preserved thanks to shift Chaotic inflation preserved thanks to shift 
symmetrysymmetry
FF--term hybrid requires fineterm hybrid requires fine--tuningtuning
DD--term hybrid new features due to term hybrid new features due to modulimoduli
sectorsector
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