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InflationInflation

Horizon, Flatness, Monopole problems, Horizon, Flatness, Monopole problems, ……

Exponential expansion Exponential expansion 

with with HH~const~const

Typical situation: scalar field slowly rolling down a flat Typical situation: scalar field slowly rolling down a flat 

potentialpotential

Structure formationStructure formation

Where does Where does VV(φ(φ)) come from?come from?
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ComovingComoving horizon decreases horizon decreases 

Expansion dilutes curvature Expansion dilutes curvature 

and monopolesand monopoles
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Stringy InflationStringy Inflation

String Theory String Theory ModuliModuli as as inflatonsinflatons

Break SUSY to lift potentialBreak SUSY to lift potential

InflatonInflaton candidatescandidates

Models: Models: Racetrack, Racetrack, KahlerKahler ((KahlerKahler))

DDbarDDbar, , BranesBranes @ angles, D3@ angles, D3--D7, DBID7, DBI ((branebrane separation)separation)
Warped Warped tachyonictachyonic (open string tachyon)(open string tachyon)

Closed String: Closed String: dilatondilaton, , KahlerKahler,     ,     

cxcx structrurestructrure

Open String: Open String: BraneBrane positions,positions,

tachyon, Wilson               tachyon, Wilson               

lineslines



SUGRA SUGRA ηη problemproblem

Potential is of the form:Potential is of the form:

where typicallywhere typically

SugraSugra variable is T, where:variable is T, where:

After After stabilisationstabilisation::

Fine tuning!Fine tuning!

(KKLMMT 03, BDKMS 07)(KKLMMT 03, BDKMS 07)
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Wilson LinesWilson Lines

Consider gauge field:Consider gauge field:

Wilson Line:Wilson Line:

If If γγ contractible, then:contractible, then:

andand

However, if However, if ππ11(C)(C) ≠≠ II one can have:one can have:

Abuse of terminologyAbuse of terminology

In particular:In particular:

χdAAdAF +→= ,
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Wilson Line Inflation: SetupWilson Line Inflation: Setup

Parallel D7 Parallel D7 branesbranes wrapping wrapping 

a 4a 4--torus Ttorus T44==TT22××TT22

Brane1: Turn on a Brane1: Turn on a WLWL in one in one TT22

Brane2: Turn on Brane2: Turn on FF in the other in the other TT22

Open Strings: Open Strings: BCsBCs, mode expansion, , mode expansion, 

VirasoroVirasoro operators, operators, MASSMASS
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Wilson Line Inflation: PotentialWilson Line Inflation: Potential

BCsBCs lead to twisted mode expansions (lead to twisted mode expansions (cfcf BranesBranes @ angles)@ angles)

Mass op: Mass op: 

Interaction Energy given by ColemanInteraction Energy given by Coleman--Weinberg formula:Weinberg formula:

Leads to:                                                       Leads to:                                                       

((cfcf GG--BRZ,2003)BRZ,2003)

where    where    
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Wilson Line Inflation: ResultsWilson Line Inflation: Results

Total potential:Total potential:

Slow Roll Slow Roll 

Parameters: Parameters: 

Two cases Two cases 

HybridHybrid--like exit:                                                      like exit:                                                      stringsstrings

Fine tuning: 1/1000Fine tuning: 1/1000
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Realistic Realistic CompactificationsCompactifications

Work in type IIB, KKLTWork in type IIB, KKLT--like setuplike setup

KahlerKahler modulimoduli stabilisedstabilised by nonby non--pert W pert W 

Turn on                     to Turn on                     to stabilisestabilise branebrane positionspositions
(GMM, 2005)(GMM, 2005)

WLsWLs appear in appear in KahlerKahler potential as positionspotential as positions

Results of previous setup apply to this caseResults of previous setup apply to this case
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SUGRA SUGRA ηη problemproblem
Consider the IIB Consider the IIB toroidaltoroidal model (Tmodel (T66=T=T22××TT22××TT22) ) 

SuperpotentialSuperpotential stabilisationstabilisation fixesfixes

where: where: 

Compute VCompute V00 in the 4D Einstein frame:in the 4D Einstein frame:

Independent of Independent of φ φ !  !  
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SummarySummary

Model of inflation using Model of inflation using WLsWLs as as inflatonsinflatons

Similar to Similar to BranesBranes @ angles (T@ angles (T--duality)duality)

But: provides more tuning parametersBut: provides more tuning parameters

Predictions: Predictions: small small εε (no gravitational waves)(no gravitational waves)

HZ or slightly red scalar spectrumHZ or slightly red scalar spectrum

Cosmic strings with GCosmic strings with Gµµ<10<10--7 7 

No SUGRA No SUGRA ηη problem!problem!

HeteroticHeterotic? ? 


