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String Theory and 4D Inflation

Moduli Stabilization and the String Landscape

Inflation and Moduli Stabilization

After Inflation




* Inflation: very successful but is only ad-
hoc scenario in search of a theory

» String theory: fundamental theory but
lacks experimental tests.

* |s it possible to derive’ inflation from string
theory?
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« <1986 Calabi-Yau String Compactifications: Many
free moduli (size and shape of extra dimensions)
ligelyy gmn’ an’ Q, Aml

¢« 1986<t<1991 Geometric moduli: candidate for
inflaton fields. But no potentials (V=0).

* OrV too steep:




New Problems:

(natural to end up in runaway)

(moduli overclose the universe or ruin
nucleosynthesis)




Open string moduli:
Brane separation
Also Wilson Lines




 t=199 : D-brane inflation. But V=0 or non-calculable.
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Also: D3-D7 inflation




Wilson Line Inflation

T-Duality:

Brane inflation Wilson Line Inflation







« String/M-Theory unique but has many solutions
or vacua.

* Degeneracy : Discrete + Continuous (SUSY) .

* Qutstanding Problems:




« <1986 Calabi-Yau String Compactifications: Many free
moduli (size and shape of extra dimensions)

« 1986<t<1991 Gaugino condensation and 1I-
duality

¢ 1991<t<2002 More moduli! (D-brane positions)

e 2002 GKP/ KKLT : Fluxes fix moduli




Type |IB String on Calabi-Yau orientifold

Turn on Fluxes

Superpotential

Scalar Potential:

I No-Scale models




Pointin space

Manifold of extradimensions




To fix Kahler moduli: Non-perturbative D7 effects

Wrapped D7 Brane
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 Lifting to de Sitter (add anti D3 branes, D-terms, etc.)




ALL MODULI STABILISED'!




Jniverse

D5 Bbrane
or

PDrAiSange






Argument:
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 Perturbative corrections to K
At least two Kahler moduli (h,>h,>1)
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KKLT AdS







Huge number of
discrete vacua >1(0°%

Statistics
Randall-Sundrum

warping from strings!
Non SUSY de Sitter
Dark energy?

SM on D3/D7branes

Soft SUSY breaking?
Inflation?




Stable
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Initial state

Paramerer 2

Parameter 1

Quantum decay

(tunnel efect)

Paramerer 1







This Is the slow-roll inflation that we
are after.

* \Where are we in the landscape?




(Bottom up approach)




BLOW-UP




Orbifold Singulanty
Orbifold Singulanty

Chiral D3-Brane World
C D3-Brane Woek
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Gauge group
Chiral spectrum

Yukawa couplings
Gauge unification
Proton stability
Baryogenesis
Reheating

Moduli Stabilisation
SUSY Breaking

Soft terms
Cosmological constant
Inflation




(FremiSirngs e EiHE)




 Solve hierarchy problem M, = 10" GeV!

* W,~1 (no fine tuning)

« Kahler potential for chiral matter computed




Sirnolest case
N=/E

m3 /o

Mot = In(Mp s 9)

Universality!

No extra CP violation!

M; = mg), / log (Mp/ms),)
String scale 10" GeV
Solves hierarchy problem!




(approximate)

U <= Kahler moduli, DT

susy-breaking © Xflavour-
Y <= Complex structure moduli.

A,
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Stabilise Moduli
SUSY broken with hierarchy

“Realistic” Observable sector
Soft SUSY Breaking terms@Ms

RG-Running of Soft terms to TeV (softsusy)
Event Generators (PYTHIA-Herwig)

Detector Simulators (PGS, GEANT)

Data Analysis and reconstruction (Root)
Estimate overall uncertainty
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(Inflation, Cosmological moduli
problem, etc.)




Wrapped D7 Brane

D3 Brane







SlowzrellN(largeriield)iniiation pessikle.
INEeed /41000 nEURING Gl parameters 1o
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flat trough

Also: D3-D7 on K3xT2
DBI in the sky




Inflationary L
D7-D7 pairs Inflationary

D3 brane(s)
throat(s)
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Standard Model
throat

NeinestuninglfEut need arge fiuxes
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Calabi-Yau:
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Inflation possible but not generic (fine
tuning)

Initial conditions/Singularity,...

Non tensor perturbations (r=s/t<<<1)?

Tension phenomenology vs cosmology




Possible ways out

 Low scale inflation?

Runaway before reheating?
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 Dilaton and Complex
Structure

® Sma” (heavy) Kahler mOdUII MpIn(Mp/m3zm)

My ~

V

* Large (light) Kahler modulus
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« Cosmological moduli problem

* Observational implications of light volume
modulus?




Thermal Inflation

my ~ 1 TeV and M, ~ 101 GeV

N ~ log (Vol/ ! /Tc) ~ log (M, /mgy)"/?




Diffuse Gamma Ray Background

Photon Flux from Extragalactic Diffuse Emission
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The 911 kKeV Line




Intensity (104 phem?s 'sr')
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e+e- and 2-photon decay rates for the light modulus
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Exciting times for string cosmology/phenomenology!
Soft terms calculable == rich phenomenology
Distinctive moduli cosmology

Concrete models of inflation

Model independent signatures:

Many open questions

Alternatives to inflation?




