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String Theory

• ‘Noumenology’

• ‘Phenomenology’

E. Kant: Noumenon~thing in itself

              Phenomenon~thing as it manifests



20th   Century  
‘Fundamental’ Physics

• Standard Theory: QFT  &  GR

•  Standard Model of Particle Physics

• Standard Model of Cosmology

3+1 Dimensions3+1 Dimensions

3+1 Interactions3+1 Interactions

3+1 Families3+1 Families

Big-Bang Model (FRW)  +Big-Bang Model (FRW)  +

Standard Model of PP + ThermodynamicsStandard Model of PP + Thermodynamics

Few predictions: antiparticles, CPT, running couplings, 
identical particles
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Cosmic Microwave 
Background

Agree with 
Inflation! !!!



Outstanding Questions
• Quantisation of Gravity

•

Hierarchies :  M

EW
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EW
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-15

• Why? (3+1 dimensions, forces, families; masses, couplings (20 free 
parameters), quark confinement )

• Cosmology : 
                         Big-Bang singularity
                         Flatness, Horizon,…                 Inflation?
                         Dark Energy (cosmological constant?)
                         Dark Matter
                         Baryogenesis…
                



FUNDAMENTAL PROBLEM
Quantum Gravity
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String Theory
     



String Theory
• Particles ‘look like’ strings

• (Super) Gravity is included

• Can unify all particles and 
interactions (Einstein’s dream)

• Universe lives in 10 (11) 
dimensions  !!!

• For our universe 10d = 4d+6d  
(6d very small?)

• Dimensionful scale: Ms.

• Many couplings: Moduli 
(1/g2=T)



General ‘Predictions’ of 
String Theory



Gravity + other interactions
+ matter + … exist!0



Extra Bosonic Dimensions
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Extra ‘bosonic’ Dimensions 
(Kaluza-Klein) (1917-1920’s)

Infinite massive particles in 4D!!!
MKK~1/r

One massless 
particle in 5D

Fourier expansion





The Brane World
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Is the Universe a Brane ?

Large extra dimensions may obviate hierarchy problem!



Brane world in string theory

Graviton

Matter, 
photon,…

String scale Ms=MP/V ½ (very large volume implies strings 

relevant at scalesmuch smaller than Planck!!!!)



Extra Fermionic 
Dimensions

(Supersymmetry (SUSY))
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Boson           Fermion           Boson



SUPERSYMMETRY



If SUSY particles mass 1TeV can 
solve hierarchy problem!!!

Dark matter!!!



The Theory is Unique

IIA

IIB

I

Het 2

Het1

11D

M

But many possible solutions or ‘vacua’But many possible solutions or ‘vacua’
Each solution a different universe!!!Each solution a different universe!!!
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Size and Shape of Extra Dimensions

4-cycle size: τ  
(Kahler moduli)

3-cycle size: U 
(Complex structure 
moduli)

+ String Dilaton: S



• ‘Most’ vacua have unfixed moduli  

   ruled out by experiment!!!(5th force)

• Physically interesting: moduli fixed by 
fluxes and non perturbative effects 



The Landscape

Classical Solutions

Quantum Decay
(tunnel effect)



Multiverse

Anthropic ‘explanation’ 
of dark energy?????



Few general predictions * + 
Many solutions (universes!) 

Consider particular 
(classes of) models 

(Compare with QFT)

 *Add: Cosmological moduli problem, low-dimension group representations



LARGE Volume 
Scenario



Exponentially Large Extra 
Dimensions

Example :

BBCQ, CQS (2005)BBCQ, CQS (2005)

Exponentially large volumen + Broken SUSY!!!

Fluxes

Volume

Perturbative (alpha’) 
corrections to K

Nonperturbative corrections to W



LARGE Volume Implies

Standard Model is localised !
      ( SM D7 cannot wrap the exponentially large cycle    

          since g

2

=1/V

2/3 
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UniverseUniverse

D3 BraneD3 Brane

            oror

D7 BraneD7 Brane

(F-Theory)(F-Theory)



Cosmological 
Inflation



String Inflation Motivation

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

• String theory: fundamental theory but 
lacks experimental tests.

• Is it possible to ‘derive’ inflation from string 
theory?



   Need to compute scalar potential 
from String theory satisfying slow-
roll conditions:

Number of e-folds N>50

Density perturbations

(r=16 ε )



Two General Classes of 
String Inflation

• Open String Inflaton

• Closed String Inflaton



OPEN STRING INFLATON

e.g. BRANE - ANTIBRANE  INFLATION

Branes inflate while two approach

Slow-roll or DBI (need tuning but tunable, r~0)

Tachyon condensation: cosmic strings,…

Also D3/D7, Wilson-line

Dvali+Tye

Burgess et al.

Dvali et al.



CLOSED STRING INFLATON

 Dilaton, Complex Structure 
or Kahler Modulus:

 Axion Inflaton

 Blow-up modulus inflaton

 Fibre inflaton

 Volume 



Kähler Moduli Inflation (Blow-up)

Calabi-Yau: h2121>>h1111>2

volume τ

n

V

Conlon-FQ Conlon-FQ 

Bond et al.Bond et al.

……

Small field inflation (r<<<1)

No fine-tuning!!

0.960<n<0.967

Loop corrections??

~



V

Fibre Inflatons

Observable gravity waves !

(can be ruled out by Planck if they 
observe them and CMBpol… if 
they do not observe them)



Polchinski, ICHEP 2008



CONCLUSIONS

• Exciting times!!! ‘Decade of Applied String Theory’

• Warping and large extra dimensions!

• Calculable models of inflation
• Simple principles, complicated solutions, 

(but SM is ugly!)

• Many open questions
(A fully realistic model? (A fully realistic model? 

Testable model independent predictions?Testable model independent predictions?

  Non-gaussianities?...)Non-gaussianities?...)



In the meantime: LHC + …
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