
  

Brooks Thomas
University of Arizona, University of Maryland

Based on work done in collaboration with Keith Dienes

String Cosmology, Z' Physics, 
and Large Numbers of Vacua:

Explicit Models of the String-Theory 
Landscape

 [arXiv:0806.3364], [arXiv:08113335]



  

The physical properties of most theories of particle 
physics depend intimately on their vacuum structures, 

and string theory is no exception.

How is SUSY broken, if it's broken at all?

What other symmetries are manifest at low energies?

Do metastable vacua exist in addition to the ground state?

What about vacuum energy?

The point is this: the vacuum structure of any given model plays 
a significant, and often dominant, role in its phenomenology.

If so, what are their lifetimes?



  

If fact, in studies of the string landscape, the stakes 
may be even higher:

As we shall demonstrate, many structures expected to occur 
generically on the string landscape give rise to vast numbers of 

metastable minima.

Such minima are important for a variety of reasons:
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New scenarios for metastable SUSY-breaking in SUSY theories.

Transitions between these minima that give rise to a highly 
nontrivial system of vacuum dynamics.

A host of new particle states which could give rise to an 
exciting Z' phenomenology at the LHC.

Furthermore, they also have a host of phenomenological 
implications, including:
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A Simple Abelian Scenario

Non-renormalizable for N>2



  

These structures are nothing special, 
complicated, or esoteric.

Structures of this sort arise generically in flux compactifications, 
which reduce at low-energies to “deconstructed” supersymmetric 

Abelian gauge theories.   

 Hence, these structures are a feature of the real string 
landscape.

Indeed, they are nothing but Abelian orbifold 
moose constructions.



  

One More Ingredient: Kinetic Mixing

General Nearest Neighbors

Supersymmetrized Kinetic 
Mixing



  

In general, the kinetic mixing matrix can be diagonalized by a 
rotation combined with a diagonal rescaling:

Scaling

Rotation

with:

The gauge fields and D-terms in the new basis are:

This is a nontrivial modification of the D-term potential, and it has 
physical consequences, as we shall soon see.

Now let's turn to some examples...



  

N = 3: 



  

Testing for Stability

Scalar Potential

Stable
Unstable

flat direction



  

Vacuum Structure:



  

A Sketch of the Vacuum Structure: 
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N = 4 



  

The new vacuum 
“slides in” beneath 

the old vacua

Same as in the N=3 case!
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The Dynamics of Vacuum Transitions

Bounce Action



  
D

ec
ay

ed
 in

 th
e 

pa
st

M
et

as
ta

bl
e

Observations:

The Result: a “collapse” to 
the ground state.

Decay sequence:
First,
Then,
Then,



  

And we find...

Minima on the moose

Now, we move to 
the general case of 
an N-site Moose.



  

...a Tower of Metastable Vacua!

Saddle Points

N=20

Minima . . .

. . .



  

VEV Configurations Vacuum Energies

Independent of λ

Really a spiral staircase



  



  

Lifetimes on the tower

N=20

Bounce Actions for Different ∆n, n i



  

N=50
N=100

N=200

N=300
A deepening trough

Bounce action for decays from the 
top of the tower (n =1) to different n . i f

This means that for still larger 
N, we find...



  

... a Metastable Vacuum Cascade!

3 6 10 15 G.S.

4 8 13 G.S.

5 9 14 G.S.

Vacuum decays can exhibit 
nontrivial cascade behavior:

Stable on 
cosmological 
time-scales

Decay directly to 
ground state (G.S. = Ground State)

We see that the tower of 
vacua can be divided into 

distinct regions which evolve 
very differently over time.  

In this case, some vacua in the tower do not decay directly to the ground state.



  

Vacua decay to other 

metastable vacua in the tower

Vacua decay directly to ground 

state

Cascades, Great Walls, and a “Forbidden City”

(Cannot be reached 
from outside)

Forbidden City

Vacua are stable on 

cosmological-time scales

Cascade Region Collapse Region
Stable 
Region

Great 
Wall



  

Evolution of Particle Spectra
The spectrum of particles in each vacuum includes 
towers of scalars, fermions, and gauge bosons.



  

This is clearly a highly nontrivial vacuum structure, and one 
 with a wealth of possible phenomenological applications:



  

Summary

To wit, these potentials have a lot of potential!



  
As we've seen, the phenomenological properties of a metastable vacuum may 
be completely different than those of true ground state.

Most discussions of the landscape assume that the low-energy limit of a given 
string model has a relatively simple field-theory structure, consisting of:

As such, the resulting phenomenology associated with that string model is 
uniquely determined, and each string model corresponds to a unique possible 
state for the universe:

But if we really want to understand the landscape, all of this is now in question!

so...

Implications for the landscape



  

The one-to-one connection between models and vacua need not apply!
The full landscape of string theory can be even richer than previously imagined, 

since all long-lived metastable vacua must be included in the analysis.

Thus, even if such models are relatively rare across the landscape, the fact 
that they give rise to infinitely many vacua means that they could 

completely dominate the properties of the landscape as a whole!  But if 
we really want to understand the landscape, all of this is now in question!

The Upshot:
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