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Outline:

• Flux compactification and the cosmological 

constant in string theory

• The mobility in the string landscape                

(No eternal inflation)

• Estimate the exponentially small critical CC
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Flux compactification 

in string theory

Giddings, Kachru, Polchinski,

Kachru, Kallosh, Linde, Trivedi,

and many others, 2001….

where all moduli of CY3 are stabilized

Suppose that each flux can take of order 10 values.

There are roughly O(102) distinct topological types of flux in 

Calabi-Yau manifolds.

• There are many meta-stable vacua with positive CCs.

• Vacua with zero as well as negative CCs also exist.
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Good news:

There are solutions with small positive CC in string theory.

It seems that string theory is pretty close to the truth.

Bad news:

There are too many vacua in string theory.

Is there prediction of string theory ?
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CC problem in string landscape

Cosmological constant problem in string landscape 

is 

a selection problem.

 

Us ?
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Eternal inflation

Suppose the universe is trapped at a local minimum, with a 

lifetime larger than the Hubble time 1/H.

Then the number of Hubble patches will increase exponentially. 

Even after some Hubble patches have decayed, there 

would be many remaining Hubble patches that continue to 

inflate.
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No matter how small is the tunneling rate from one site to 

another, it will happen. So the cosmic landscape is 

populated. In particular, the site we are living in is present 

somewhere in the universe.

Since there are many vacua and some parts are still inflating, 

it is difficult to see why we end up where are, without 

invoking Anthropic principle. 

If so,  it is very difficult to make any testable prediction.

Our point is that there is no eternal inflation, because of the 

mobility of the string landscape.
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• At a typical meta-stable site, count the number of light 

scalar fields. This gives the number of moduli, or directions 

in the field space. This number at any neighborhood in the 

landscape may be taken as the dimension d of the 

landscape around that neighborhood.

• The value of d can be dozens or hundreds (even thousands) 

in the string landscape.

• The landscape potential is not periodic. It is very 

complicated.

Feature of string landscape
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A cartoon for the Landscape

Like a random potential

in multi-dimensions (d)

where we are ?
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STRATEGY:

• Treat the landscape as a d-dimensional random potential.

• Use the scaling theory and the renormalization group 

developed for random potential in condensed matter 

physics to connect the physics at IR scale with UV scale. 

• Assumptions:

Tunneling from a positive CC site to a negative CC 

site is ignored (CDL crunch).

Tunneling from a dS site to another dS site with a 

larger CC is ignored.
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Knowledge from Anderson Localization

• Random potential/disorder medium

• Insulation-conductivity phase transition

E. Abrahams, P.W. Anderson, D.C. Licciardello, T.V. 

Ramakrishnan, Scaling theory of localization: Absence of Quantum 

diffusion in two dimensions, Phys.Rev.Lett. 42(1979)673

B. Shapiro, Renormalization-Group transformation for Anderson 

transition, Phys.Rev.Lett. 48(1982)823
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an extended state, with mean free 

path is much larger than s which is 

the typical distance between sites

a weakly localized state

a localized state

It is possible that a strongly localized state can still 

lead to mobility. 

What is the condition for a truly localized state ?

The wave function of a particle in a medium with a random potential

ξ is the size of the site
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Dimensionless conductance g in a 

d-dim hypercubic region of size of L

Conducting/mobile with finite conductivity

 

conductivity 

conducting phase = mobile phase
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Given g at scale s, 

what is g at scale L as L becomes large ?

 

  

insulating, localized

trapped, eternal inflation

conducting

mobile
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phase transition

Conducting phase

Insulating phase
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g=gc is an unstable fixed point

  

  

Insulating, localized

trapped, eternal inflation

Conducting

mobile
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What is the critical gc ?

 

Shapiro :

B. Shapiro, Phys.Rev.Lett 48(1982)823

Anderson, Thouless, Abrahams, Fisher, Phys.Rev.B 22(1980)3519
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Condition for mobility

Condition for mobility:
  

the size of site

(inverse mass of 

a light modulus)

distance between 

two meta-stable 

vacua
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The key for mobility in string landscape: 

A large number of dimensions in string landscape 

d≫ 1
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• Enhancement of tunneling by the vacuum energy.

• Tunneling of a D3-brane can be significantly enhanced by 

the DBI action.

• Difficulty for trapping the wavefunction in high dimensions.

A well-known example: An attractive one-dimensional δ-

function potential has a bound state, but an attractive 3-

dimensional δ-function potential does not.

Why we expect the mobility in string landscape ?
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high CC sites

low CC sites

Mobile

trapped

localized

sharp 

transition
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Estimate the critical CC

The fraction of sites with cc smaller than Λ is f(Λ)=(Λ/Λs)
q .

ΛΛΛΛc∼∼∼∼ d-d/qMs
4
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Summary

• The universe is freely moving in the string landscape when 

the vacuum energy density is above the critical value. 

Because of mobility, there is no eternal inflation.

• When the universe drops below the critical CC value, it 

loses its mobility. Its lifetime is exponentially long.

• The critical CC value is exponentially small compared to the 

string/Planck scale.


