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Introduction

String theory is a candidate theory for providing us with 
quantum theory of gravity. There is growing evidence for 
this from calculations of perturbative amplitudes and 
study of blackhole mechanics.

How do string theory  and  cosmology come together ?
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• Big Bang Singularity 

• Connect with the Standard Model of Cosmology



Outline
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• Dimensional Reduction, Flux Compactifications 
   and Effective Actions.

• Examples:

• Moduli dynamics and inflationary predictions

• Quintessence, Fifth forces

• Inflation



Moduli
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simplest compactifications involve backgrounds where all matter
fields have vanishing expectation value

g (10)
MN dXMdXN = gµ⌫(x)dx

µdx⌫ + g (6)
mndy

mdyn

Rmn = 0, gmn ! (1 + �)gmn maps solutions to solutions . Volume
(V) of the compactification a free parameter.

I Make � a dynamical field in four dimensions, EOM

⇤�(x) = 0

I �(x) a massless scalar which mediates a Planck suppressed
fifth force between all matter.



I Moduli continuous deformations of the background solution
which map solutions to solutions. Coordinates on the solution
space. Thus moduli fields specify the background one is
considering.

I Natural to expect that the low energy e↵ective action that
gets for the four dimensional observer depends on the
background that one is considering.

I Couplings and scales in the four dimensional e↵ective field
theory are dependent on the values of the moduli.

I While the geometry of the extra dimensions is cannot be
observed directly, it reveals itself to the low energy observer
via the moduli fields to the low energy observer.

I e.g. Ms mass of massive string states (scale of string physics)
is

Ms
(4)Mpl

/ 1p
V

V, volume of the compactification in string units
I Similarly values for gauge couplings, soft susy breaking

parameters, cosmological constant dependent on values of the
moduli.

I Realistic models requires that the there is potential for these
fields; they are fixed at specific values and are massive.



I To make contact with phenomenology we need to study more
complicated solutions; where the values of moduli fields are
fixed.



Flux Compactifications
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Consider solutions with non trivial vevs of the flux fields
(generalizations FMN).

I Fluxes are quantised via Dirac quantisation conditions, these
obstruct continuous deformation of solutions.

I The flux terms have depend nontrivially on the value of the
metric via the inverse metric

I Simplest example only the five form and metric are turned on
(Toy example of 5+5 split as opposed to 4+6)

I

ds210 = L2ds2AdS5
+ R2d⌦2

5,

Z

S5

F = N

I

V (R) = VCurv + VFlux = � 1

R16/3
+

N2

R40/3

I Rmin / N1/4, LAdS / Rmin



I Value of the modulus now fixed and given in terms of integer
fluxes.

I Coming back to the 4+6 split, Calabi Yau manifolds have
non-trivial 3-cycles (h1,1 + h2,1).

I One can thread three form flux along each of these cycles
Z

⌃a

F3 = N⌃a ,

Z

⌃a

H3 = M⌃a

I Explicit solutions can be found, metric takes the form of a
warped product; internal manifold conformally flat

ds2 = e2A(y)⌘µ⌫dx
µdx⌫ + e2A(y)gCY

mn (y)dy
mdyn

I D=4, N = 1 Supersymmetry.

I Realisation of the mechanism of Randall and Sundrum;
eAmin = e�K/M
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I IIB Supergravity (follows from the positivity of stress tensor)

r2
6e

�4A =
GmnpGmnp

48Im⌧
+

e�6A

4
@m↵@m↵

no No-go theorem.

I String theory has local sources which carry negative tension
(Orientifold planes)

r2
6e

�4A =
GmnpGmnp

48Im⌧
+

e�6A

4
@m↵@m↵ + T loc

I Usually, negative tension objects dangerous due to pair
production making the ground state unstable. But O-planes
are related to boundary conditions.
Negative tension (intrinsic to string theory) objects play a
crucial role in obtaining these solutions.



Summary of E↵ects of Fluxes

I All complex structure moduli (zi ) are fixed by fluxes.

I The e↵ect of fluxes is to introduce a superpotential in the 4d
e↵ective field theory

W =

Z
G ^ ⌦(zi )

I Kahler Moduli (Ta) remain flat directions. Can fixed by
making use of non-perturbative e↵ects and higher derivative
corrections in the e↵ective action.



I As the values of the flux quanta are varied, we get four
dimensional solutions with di↵erent properties (solution are
characterised by the integer quanta)

I Large number of possible choices for the choice of flux quanta.

I The cosmological constant varies by a small amount as the
flux quanta are changed.

I This tuning can be used to obtain de Sitter space with a small
cosmological constant.

I Many aspects of these constructions remain to be understood.



• In this setting: Phenomenological requirements translated  to  
requirements on the higher dimensional geometry.  

• This often leads to constraints and correlations between
    observables.



Inflation and String Theory
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• Simplest models of inflation involve a scalar field rolling
   down a potential. To get exponential expansion for a 
   sufficiently long epoch, slow roll conditions need to be
   satisfied.

• The potential has to be flat in Planck units !

• The vacuum energy is positive. In general, scalar masses are not 
stable against loop corrections 
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• Options:  having symmetries or trying to tune the potential.
   Whether one can actually realise this depends the properties
    of the UV theory. 

• For the symmetries, we need to understand the fate of the
    symmetries in a UV complete theory, the existence
    of higher dimensional operators that spoil the symmetry
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• At tree level Moduli fields are massless.
  

• Going beyond tree level, moduli fields acquire masses. The 
potentials generated for them are often flat, moduli are 

    good candidate inflatons.

• Moduli parametrise the shape and size of the extra 
    dimensional geometry. Rolling modulus changing 
    shape of  extra dimensions.

Moduli as Inflatons
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• Example: Fibre inflation models, in the regime inflation takes 
place 

V ' V0

V10/3

�
3� 4e�k'̂

�
with k =

2p
3

•       rolls from higher to lower values. But form of potential
very different for larger values of      .Constraint on the number
of e-foldings.

'̂
'̂

• Size of hole in a manifold cannot be bigger than the 
    size of the object.

V = ⌧3/20 � ⌧3/21
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Inflation, Moduli and Cosmology

• From the very early days of model building in supergravity 
   models in was realised that
                             inflation + moduli fields 
can lead to cosmological timeline distinct from the 
standard  one.

�17

  modular cosmology
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Cosmology and Moduli
•  Starting point of the analysis moduli dynamics during 
     inflation.  

• Analysis of dynamics during inflation gives, for

At the end of inflation the modulus       has VEV
    , 

m' . Hinfl

Y =
'̂

Mpl
. 1



• Radiation: To which the inflaton has dumped its 
   energy density. 

Thus just after reheating, energy density has two
components 

• Modulus: Potential energy due to displacement.

Cosmology and Moduli

�19



 
• As the universe expands time average of energy density 
   falls off as

Cosmological evolution of cold moduli particles.  

•   Quickly dominates over energy density  present in the form
     of radiation

the characteristic lifetime for decay via their Planck 
suppressed  interactions.

⌧mod ⇡
16⇡M2

pl

m3
'

• Modulus domination continues until decay of modulus at
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Inflation 

Reheating 

Radiation Domination
 
Modulus Domination  

Reheating (after modulus decay)

Radiation Domination

Today

Inflation 

Reheating 

Radiation Domination

Today

Modular Cosmology Conventional Cosmology



k ⇡ 0.05 Mpc�1                                 for CMB observations by the 
PLANCK satellite. 

�

V(�)
 Inflation 
    Ends

CMB 
mode 
freeze

Properties of the universe 
at this stage determine the 
properties of the inhomogeneities 
of the CMB.

Inflation and Inhomogeneities
•  Inhomogeneities are a result of freezing of quantum
     fluctuations at the time of horizon exit;                . k/a ⇡ H
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 It is conventional to keep track of the point of 
 freezing by the number of e-folding between  
 freezing and end of inflation.

Ninfl

�

V(�)
 Inflation 
    Ends

CMB 
mode 
freeze

Ninfl = ln

✓
a(tend)

a(tfreeze)

◆

ns = 1� 2/N r = 8/N

m2�2 For  e.g.             potential (similar expressions for all models)

 Given a potential we need  the value of             to extract   
predictions

Ninfl
 23



�24

Inflation and Inhomogeneities

•  How is            determined ? 

•    - Energy density of  universe at the time of horizon exit
         of  mode relevant for CMB observations.

•    - Strength of gravity waves.

As =
2

3⇡2r

✓
⇢

M4
pl

◆

⇢

r

•  More precisely, 

   Observed
Inhomogeneties

 Energy Density
 at an early time

INFLATION

Ninfl



 Inflation, Inhomogeneities and Energy Densities
•  An early time and today’s energy densities known. This
    implies a consistency condition

Any  history we ascribe must be such that the early 
time energy density evolves to the energy density today. 

Energy density at 
horizon exit,      (from inhomogeneities).

Energy density 
today,     .  

Horizon exit 
of CMB modes Today

Inflation 
EndsNinfl Post-inflationary Epoch.

⇢k ⇢0

Post-inflationary Epoch consists of reheating followed
by thermal history in conventional cosmologies.

�25
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10 Planck Collaboration: Constraints on inflation

HZ HZ + YP HZ + Ne↵ ⇤CDM
105⌦bh

2 2296 ± 24 2296 ± 23 2285 ± 23 2205 ± 28
104⌦ch

2 1088 ± 13 1158 ± 20 1298 ± 43 1199 ± 27
100 ✓MC 1.04292 ± 0.00054 1.04439 ± 0.00063 1.04052 ± 0.00067 1.04131 ± 0.00063
⌧ 0.125+0.016

�0.014 0.109+0.013
�0.014 0.105+0.014

�0.013 0.089+0.012
�0.014

ln
⇣
1010

As

⌘
3.133+0.032

�0.028 3.137+0.027
�0.028 3.143+0.027

�0.026 3.089+0.024
�0.027

ns — — — 0.9603 ± 0.0073
Ne↵ — — 3.98 ± 0.19 —
YP — 0.3194 ± 0.013 — —
�2� ln(Lmax) 27.9 2.2 2.8 0

Table 3. Constraints on cosmological parameters and best fit �2� ln(L) with respect to the standard ⇤CDM model, using
Planck+WP data, testing the significance of the deviation from the HZ model.

Model Parameter Planck+WP Planck+WP+lensing Planck + WP+high-` Planck+WP+BAO

⇤CDM + tensor ns 0.9624 ± 0.0075 0.9653 ± 0.0069 0.9600 ± 0.0071 0.9643 + 0.0059
r0.002 < 0.12 < 0.13 < 0.11 < 0.12

�2� lnLmax 0 0 0 -0.31

Table 4. Constraints on the primordial perturbation parameters in the ⇤CDM+tensor model from Planck combined with other data
sets. The constraints are given at the pivot scale k⇤ = 0.002 Mpc�1.
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Fig. 1. Marginalized joint 68% and 95% CL regions for ns and r0.002 from Planck in combination with other data sets compared to
the theoretical predictions of selected inflationary models.

CL for the WMAP 9-year data and is further excluded by CMB
data at smaller scales.

The model with a quadratic potential, n = 2 (Linde, 1983),
often considered the simplest example for inflation, now lies
outside the joint 95% CL for the Planck+WP+high-` data for
N⇤ . 60 e-folds, as shown in Fig. 1.

A linear potential with n = 1 (McAllister et al., 2010), mo-
tivated by axion monodromy, has ⌘V = 0 and lies within the

95% CL region. Inflation with n = 2/3 (Silverstein & Westphal,
2008), however, also motivated by axion monodromy, now lies
on the boundary of the joint 95% CL region. More permissive
entropy generation priors allowing N⇤ < 50 could reconcile this
model with the Planck data.

This motivates the usual range of 50-60 for  Ninfl

57
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We obtain

The number of e-folding during modulus
domination. 

Y =
'̂

Mpl
The initial displacement in Planck Units 

m' The post-inflationary mass of the modulus 

(generic estimate from EFT                   )Y ' O(1)

Since the  dependence is on                          this can significantly
bring down the value of          .

ln(Mpl

�
m')

Ninfl

57
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  Change the
    50 - 60
      range

10 Planck Collaboration: Constraints on inflation

HZ HZ + YP HZ + Ne↵ ⇤CDM
105⌦bh

2 2296 ± 24 2296 ± 23 2285 ± 23 2205 ± 28
104⌦ch

2 1088 ± 13 1158 ± 20 1298 ± 43 1199 ± 27
100 ✓MC 1.04292 ± 0.00054 1.04439 ± 0.00063 1.04052 ± 0.00067 1.04131 ± 0.00063
⌧ 0.125+0.016

�0.014 0.109+0.013
�0.014 0.105+0.014

�0.013 0.089+0.012
�0.014

ln
⇣
1010

As

⌘
3.133+0.032

�0.028 3.137+0.027
�0.028 3.143+0.027

�0.026 3.089+0.024
�0.027

ns — — — 0.9603 ± 0.0073
Ne↵ — — 3.98 ± 0.19 —
YP — 0.3194 ± 0.013 — —
�2� ln(Lmax) 27.9 2.2 2.8 0

Table 3. Constraints on cosmological parameters and best fit �2� ln(L) with respect to the standard ⇤CDM model, using
Planck+WP data, testing the significance of the deviation from the HZ model.

Model Parameter Planck+WP Planck+WP+lensing Planck + WP+high-` Planck+WP+BAO

⇤CDM + tensor ns 0.9624 ± 0.0075 0.9653 ± 0.0069 0.9600 ± 0.0071 0.9643 + 0.0059
r0.002 < 0.12 < 0.13 < 0.11 < 0.12

�2� lnLmax 0 0 0 -0.31

Table 4. Constraints on the primordial perturbation parameters in the ⇤CDM+tensor model from Planck combined with other data
sets. The constraints are given at the pivot scale k⇤ = 0.002 Mpc�1.
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Fig. 1. Marginalized joint 68% and 95% CL regions for ns and r0.002 from Planck in combination with other data sets compared to
the theoretical predictions of selected inflationary models.

CL for the WMAP 9-year data and is further excluded by CMB
data at smaller scales.

The model with a quadratic potential, n = 2 (Linde, 1983),
often considered the simplest example for inflation, now lies
outside the joint 95% CL for the Planck+WP+high-` data for
N⇤ . 60 e-folds, as shown in Fig. 1.

A linear potential with n = 1 (McAllister et al., 2010), mo-
tivated by axion monodromy, has ⌘V = 0 and lies within the

95% CL region. Inflation with n = 2/3 (Silverstein & Westphal,
2008), however, also motivated by axion monodromy, now lies
on the boundary of the joint 95% CL region. More permissive
entropy generation priors allowing N⇤ < 50 could reconcile this
model with the Planck data.

 Modulus
mass input
     for
inflationary
predictions

57



In a string compactification, one can compute

• The initial displacement of the modulus.

• The inflaton width.

  Carrying this out for  Kahler Moduli Inflation.

 30

Ninfl ⇡ 45

  Exhibits the importance of moduli dynamics for making 
  inflationary predictions. To confront the next generation
  experiments we need to know           with accuracy:  

�N ⇡ 5

Ninfl



Having an era of early matter domination also 

• The initial displacement of the modulus.

• The inflaton width.

  Carrying this out for  Kahler Moduli Inflation.

 31

Ninfl ⇡ 45

  Exhibits the importance of moduli dynamics for making 
  inflationary predictions. To confront the next generation
  experiments we need to know           with accuracy:  

�N ⇡ 5

Ninfl



Modular cosmology also has implications for dark matter. 

 32

The dilution factor is given by             thus is directly  related
to the shift in

✓
H(tr)

H(tr)

◆1/2

Ninfl

• Thermal overproduction  before the epoch of
     early matter domination. 

• Dilution upon reheating 

• Dark radiation production from the decay of the Modulus. 



Quintessence and Fifth Forces

• The acceleration of the present universe is due to a 
    slowly rolling scalar field.

�33

• A scalar field driving quintessence has to have Compton
    wavelength of the order of the cosmological horizon.

• Natural candidate for this is modulus field in a hidden sector.



Quintessence in String Theory ?

�34

• Natural candidate for this is modulus field in a hidden sector.

• In string compactications, this would arise from a sector that
    is geometrically separated from the Standard  Model.

• One of the localised moduli corresponds to the quintessence
field.

⌧0
<latexit sha1_base64="pw8zrWBErUnPT40AuY4G8um5CYw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadf1uqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBurY9v</latexit><latexit sha1_base64="pw8zrWBErUnPT40AuY4G8um5CYw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadf1uqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBurY9v</latexit><latexit sha1_base64="pw8zrWBErUnPT40AuY4G8um5CYw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadf1uqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBurY9v</latexit><latexit sha1_base64="pw8zrWBErUnPT40AuY4G8um5CYw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadf1uqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBurY9v</latexit>

⌧1
<latexit sha1_base64="Nr9FZ1q1bMKnec+5yFEdEAciUmw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadYNuqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBwMY9w</latexit><latexit sha1_base64="Nr9FZ1q1bMKnec+5yFEdEAciUmw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadYNuqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBwMY9w</latexit><latexit sha1_base64="Nr9FZ1q1bMKnec+5yFEdEAciUmw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadYNuqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBwMY9w</latexit><latexit sha1_base64="Nr9FZ1q1bMKnec+5yFEdEAciUmw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadYNuqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBwMY9w</latexit>

⌧2
<latexit sha1_base64="8gbGT4RKje4iw7KSorHW7z0imAU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BQTxGMA9IljA7mU3GzM4sM71CCAE/wYsHRbz6P978GyePgyYWNBRV3XR3RakUFn3/28utrW9sbuW3Czu7e/sHxcOjhtWZYbzOtNSmFVHLpVC8jgIlb6WG0ySSvBkNr6d+85EbK7S6x1HKw4T2lYgFo+ikRgdp1q10iyW/7M9AVkmwICVYoNYtfnV6mmUJV8gktbYd+CmGY2pQMMknhU5meUrZkPZ521FFE27D8ezaCTlzSo/E2rhSSGbq74kxTawdJZHrTCgO7LI3Ff/z2hnGV+FYqDRDrth8UZxJgppMXyc9YThDOXKEMiPcrYQNqKEMXUAFF0Kw/PIqaVTKgV8O7i5K1ZuneRx5OIFTOIcALqEKt1CDOjB4gGd4hTdPey/eu/cxb815iwiP4Q+8zx9xtY9x</latexit><latexit sha1_base64="8gbGT4RKje4iw7KSorHW7z0imAU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BQTxGMA9IljA7mU3GzM4sM71CCAE/wYsHRbz6P978GyePgyYWNBRV3XR3RakUFn3/28utrW9sbuW3Czu7e/sHxcOjhtWZYbzOtNSmFVHLpVC8jgIlb6WG0ySSvBkNr6d+85EbK7S6x1HKw4T2lYgFo+ikRgdp1q10iyW/7M9AVkmwICVYoNYtfnV6mmUJV8gktbYd+CmGY2pQMMknhU5meUrZkPZ521FFE27D8ezaCTlzSo/E2rhSSGbq74kxTawdJZHrTCgO7LI3Ff/z2hnGV+FYqDRDrth8UZxJgppMXyc9YThDOXKEMiPcrYQNqKEMXUAFF0Kw/PIqaVTKgV8O7i5K1ZuneRx5OIFTOIcALqEKt1CDOjB4gGd4hTdPey/eu/cxb815iwiP4Q+8zx9xtY9x</latexit><latexit sha1_base64="8gbGT4RKje4iw7KSorHW7z0imAU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BQTxGMA9IljA7mU3GzM4sM71CCAE/wYsHRbz6P978GyePgyYWNBRV3XR3RakUFn3/28utrW9sbuW3Czu7e/sHxcOjhtWZYbzOtNSmFVHLpVC8jgIlb6WG0ySSvBkNr6d+85EbK7S6x1HKw4T2lYgFo+ikRgdp1q10iyW/7M9AVkmwICVYoNYtfnV6mmUJV8gktbYd+CmGY2pQMMknhU5meUrZkPZ521FFE27D8ezaCTlzSo/E2rhSSGbq74kxTawdJZHrTCgO7LI3Ff/z2hnGV+FYqDRDrth8UZxJgppMXyc9YThDOXKEMiPcrYQNqKEMXUAFF0Kw/PIqaVTKgV8O7i5K1ZuneRx5OIFTOIcALqEKt1CDOjB4gGd4hTdPey/eu/cxb815iwiP4Q+8zx9xtY9x</latexit><latexit sha1_base64="8gbGT4RKje4iw7KSorHW7z0imAU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BQTxGMA9IljA7mU3GzM4sM71CCAE/wYsHRbz6P978GyePgyYWNBRV3XR3RakUFn3/28utrW9sbuW3Czu7e/sHxcOjhtWZYbzOtNSmFVHLpVC8jgIlb6WG0ySSvBkNr6d+85EbK7S6x1HKw4T2lYgFo+ikRgdp1q10iyW/7M9AVkmwICVYoNYtfnV6mmUJV8gktbYd+CmGY2pQMMknhU5meUrZkPZ521FFE27D8ezaCTlzSo/E2rhSSGbq74kxTawdJZHrTCgO7LI3Ff/z2hnGV+FYqDRDrth8UZxJgppMXyc9YThDOXKEMiPcrYQNqKEMXUAFF0Kw/PIqaVTKgV8O7i5K1ZuneRx5OIFTOIcALqEKt1CDOjB4gGd4hTdPey/eu/cxb815iwiP4Q+8zx9xtY9x</latexit>

• Wrap D7 branes on the other P2 associated with the other
resolution.

• Matter fields arise as open string degrees of freedom on the
D7 brane.
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• One of the localised moduli corresponds to the quintessence
field.

⌧0
<latexit sha1_base64="pw8zrWBErUnPT40AuY4G8um5CYw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadf1uqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBurY9v</latexit><latexit sha1_base64="pw8zrWBErUnPT40AuY4G8um5CYw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadf1uqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBurY9v</latexit><latexit sha1_base64="pw8zrWBErUnPT40AuY4G8um5CYw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadf1uqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBurY9v</latexit><latexit sha1_base64="pw8zrWBErUnPT40AuY4G8um5CYw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadf1uqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBurY9v</latexit>

⌧1
<latexit sha1_base64="Nr9FZ1q1bMKnec+5yFEdEAciUmw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadYNuqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBwMY9w</latexit><latexit sha1_base64="Nr9FZ1q1bMKnec+5yFEdEAciUmw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadYNuqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBwMY9w</latexit><latexit sha1_base64="Nr9FZ1q1bMKnec+5yFEdEAciUmw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadYNuqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBwMY9w</latexit><latexit sha1_base64="Nr9FZ1q1bMKnec+5yFEdEAciUmw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/eyura+sbm4Wt4vbO7t5+6eCwYXVmGK8zLbVpRdRyKRSvo0DJW6nhNIkkb0bD64nffOTGCq3ucZTyMKF9JWLBKDqp0UGadYNuqexX/CnIMgnmpAxz1Lqlr05PsyzhCpmk1rYDP8UwpwYFk3xc7GSWp5QNaZ+3HVU04TbMp9eOyalTeiTWxpVCMlV/T+Q0sXaURK4zoTiwi95E/M9rZxhfhblQaYZcsdmiOJMENZm8TnrCcIZy5AhlRrhbCRtQQxm6gIouhGDx5WXSOK8EfiW4uyhXb55mcRTgGE7gDAK4hCrcQg3qwOABnuEV3jztvXjv3sesdcWbR3gEf+B9/gBwMY9w</latexit>

⌧2
<latexit sha1_base64="8gbGT4RKje4iw7KSorHW7z0imAU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BQTxGMA9IljA7mU3GzM4sM71CCAE/wYsHRbz6P978GyePgyYWNBRV3XR3RakUFn3/28utrW9sbuW3Czu7e/sHxcOjhtWZYbzOtNSmFVHLpVC8jgIlb6WG0ySSvBkNr6d+85EbK7S6x1HKw4T2lYgFo+ikRgdp1q10iyW/7M9AVkmwICVYoNYtfnV6mmUJV8gktbYd+CmGY2pQMMknhU5meUrZkPZ521FFE27D8ezaCTlzSo/E2rhSSGbq74kxTawdJZHrTCgO7LI3Ff/z2hnGV+FYqDRDrth8UZxJgppMXyc9YThDOXKEMiPcrYQNqKEMXUAFF0Kw/PIqaVTKgV8O7i5K1ZuneRx5OIFTOIcALqEKt1CDOjB4gGd4hTdPey/eu/cxb815iwiP4Q+8zx9xtY9x</latexit><latexit sha1_base64="8gbGT4RKje4iw7KSorHW7z0imAU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BQTxGMA9IljA7mU3GzM4sM71CCAE/wYsHRbz6P978GyePgyYWNBRV3XR3RakUFn3/28utrW9sbuW3Czu7e/sHxcOjhtWZYbzOtNSmFVHLpVC8jgIlb6WG0ySSvBkNr6d+85EbK7S6x1HKw4T2lYgFo+ikRgdp1q10iyW/7M9AVkmwICVYoNYtfnV6mmUJV8gktbYd+CmGY2pQMMknhU5meUrZkPZ521FFE27D8ezaCTlzSo/E2rhSSGbq74kxTawdJZHrTCgO7LI3Ff/z2hnGV+FYqDRDrth8UZxJgppMXyc9YThDOXKEMiPcrYQNqKEMXUAFF0Kw/PIqaVTKgV8O7i5K1ZuneRx5OIFTOIcALqEKt1CDOjB4gGd4hTdPey/eu/cxb815iwiP4Q+8zx9xtY9x</latexit><latexit sha1_base64="8gbGT4RKje4iw7KSorHW7z0imAU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BQTxGMA9IljA7mU3GzM4sM71CCAE/wYsHRbz6P978GyePgyYWNBRV3XR3RakUFn3/28utrW9sbuW3Czu7e/sHxcOjhtWZYbzOtNSmFVHLpVC8jgIlb6WG0ySSvBkNr6d+85EbK7S6x1HKw4T2lYgFo+ikRgdp1q10iyW/7M9AVkmwICVYoNYtfnV6mmUJV8gktbYd+CmGY2pQMMknhU5meUrZkPZ521FFE27D8ezaCTlzSo/E2rhSSGbq74kxTawdJZHrTCgO7LI3Ff/z2hnGV+FYqDRDrth8UZxJgppMXyc9YThDOXKEMiPcrYQNqKEMXUAFF0Kw/PIqaVTKgV8O7i5K1ZuneRx5OIFTOIcALqEKt1CDOjB4gGd4hTdPey/eu/cxb815iwiP4Q+8zx9xtY9x</latexit><latexit sha1_base64="8gbGT4RKje4iw7KSorHW7z0imAU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BQTxGMA9IljA7mU3GzM4sM71CCAE/wYsHRbz6P978GyePgyYWNBRV3XR3RakUFn3/28utrW9sbuW3Czu7e/sHxcOjhtWZYbzOtNSmFVHLpVC8jgIlb6WG0ySSvBkNr6d+85EbK7S6x1HKw4T2lYgFo+ikRgdp1q10iyW/7M9AVkmwICVYoNYtfnV6mmUJV8gktbYd+CmGY2pQMMknhU5meUrZkPZ521FFE27D8ezaCTlzSo/E2rhSSGbq74kxTawdJZHrTCgO7LI3Ff/z2hnGV+FYqDRDrth8UZxJgppMXyc9YThDOXKEMiPcrYQNqKEMXUAFF0Kw/PIqaVTKgV8O7i5K1ZuneRx5OIFTOIcALqEKt1CDOjB4gGd4hTdPey/eu/cxb815iwiP4Q+8zx9xtY9x</latexit>

• Wrap D7 branes on the other P2 associated with the other
resolution.

• Matter fields arise as open string degrees of freedom on the
D7 brane.

• Interactions that arise from kinetic mixings between the 
    sectors can be computed from the Kahler potential which
    is closely related to the geometry of the internal manifold.
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• Interactions that arise from kinetic mixings between the 
    sectors can be computed from the Kahler potential which
    is closely related to the geometry of the internal manifold.

• For e.g. internal manifold with two point like singularities

K = �2 log
�
⌧3/20 � ⌧3/21 � ⌧3/22

�

• Fifth force bounds give

V > 1012

A very low string scale.
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• In order to make contact with cosmology we require 
   to work with solutions of string theory in which 
   the moduli field are stabilised.

• Properties of extra dimensional geometry, correlation between
    observables.

• Moduli dynamics and inflation. Quintessence

• Flux compactifications provide such as setting. Developing
    a detailed understanding of the effective actions associated
    with flux compactifications remains an area of active study.


