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Abstract: <span>We consider the effect that dynamical selection principles could have on the string landscape and for determining the value of the
cosmological constant. The underlying symmetries of string theory, along with the dynamics of moduli in the low energy effective field theory,
seem to suggest that not all vacua are created equal. However, in some simple models many vacua are alike and this degeneracy may suggest a
*non-anthropic* approach to understanding the observed value of the cosmological constant. The approach may also lead to a viable model of
inflation, without the need of fine-tuned potential s.</span>
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Phase Transitions and Cosmology
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Other Problems ot Phase Transitions

Higgs Mass

Baryon asymmetry

{ How generated? —washed out by entropy prod. or Sphalerons )
Confinement
SUSY breaKing

Inflation
— Realization in Tundamental theory
— Covpling to ( fAAS ) SAA

Problems w/ moduli and their stabilization
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Cosmological Moduli IProblem(s)

Modoh Potential
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Cosmological AModuli IProblem(s)
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Cosmological Modvli IProblem(s)

fModvh Potential
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foduli oscillate in new minimum Torming pressure-less condensate
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fate of AModuli

Modvuli are gravitationally covpled to other Tields,
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fate of RModoli

fModuli are gravitationally covpled to other Tields,
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Concern: Decay to gravitings, other particles { model dependent )
--» gravitino problem




fate of Modoli

Modoli are gravitationally covpled to other Tields,
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Concern: Decay to gravitinos, other particles ( model dependent )
--» gravitino problem




Non-perturbative Contributions

Brustemn-Steinhardt: hep-thozi2o49




Non-perturbative Contributions

Brustemn-Steinhardt: hep-thozizo49

Dine-Seiberg: Phys Rev.Lett 55:366.1985

f\easure zero set

<«—— overshoot




Summary thus far..

@ Phase transitions generically displace modvli

@ Difficult to Tind minima
( unstable to decompactification or weak couvpling )

@ Many minima? predictability?




Summary thus far...

@ Phase transitions generically displace modokh

@ Ditticult to Tind minima
( unstable to decompactification or weak covpling )

@ Many minima? predictability?

Solutions?

Cautionary remark on Warm inflation
- Wash pre-existing baryon asymmeitry
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e.g. Banks, Dine, et. al.

Proposal:

foduli Tound at points of enhanced symmetry

Why?
- Fixed pts of et tective action
— [Protected by discrete symmetries
( e.q. Related to dvalities )
Resvlt:
- Fixed during early vniverse phase transitions
- later get sott masses during SUSY breaking




Possible, IPartial 2esoluotion

e.g. Banks, Dine, et. al.

IProposal:

foduli Tound at points of enhanced symmetry

Why?
— fixed pts ot et tective action
- Protected by discrete symmetries
( e.q. Related to dvalities )
Resvlt:
- Fixed during early vniverse phase transitions
— later get sott masses during SUSY breaKing

Initial conditions?

— Why would you start there? — Question of probatility?




fModuli Dynamics

What does one generically expect the motion to looK like?
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fModvuli Dynamics

What does one generically expect the motion to looK like?

G} ( 40 ) 0@{ q)éa# (I)f

f\Nodel dependent?

hep-th/0410272 & hep-th/0410273
W., Weltman hep-th/0702220

inde, Liu, Maloney, McAllister, Silverstein hep-th/0403001
- Silverstein-Tong hep-th/0310221

oriodal Compactifications
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- S.W. hep-th/040417/
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Axiodilaton in 4D

Classical Modul Dynamics
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Axiodilaton in 4D
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Classical Moduh Dynamics

- Horne & Moore hep-th/S403058

Axiodilaton in 4D
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Classical Moadvlt Dynamics

Weak Coupling
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Classical Modvlt Dynamics




Summary ot classical dynamics ot modoli:

— Finite volome
- Ergodic motion —-) sample all of space in finite time
— Gravity —-) Slows sampling (log scale )




Classical Moadult Dynamics
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Summary ot classical dynamics ot moduli:

- Finite volume
- Ergodic motion ——) sample all of space in finite time
— Gravity —-) Slows sampling {log scale )




Summary ot classical dynamics of modoli:

- finite volume
~ Ergodic motion —-) sample all of space in finite time
— Gravity —-) Slows sampling {log scale)

Consequences:

- °robabilities ~ Aloduli space volume { tree level )
- Decovpling gravity?




I special points in moduli space exist,

shovuld encounter them in Tintte time

In particolar, enhanced symmetry points
suggested by Dine, et. al...




Enhanced symmetry

SUGIZA Aassless modes:
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Enhanced symmetry

SUGIZA AM\assless modes:
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Enhanced symmetry

SUGIZA Massless modes:
I3
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Higgsed scalar w/ winding charge { w/ Knowledge of string theory )
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Time dependent et tective mass
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Enhanced symmetry

SUGIZA Alassless modes:
It \ Gs5 — ¢ ‘lp b= Gr.iif' = BW Chiral U(1)
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Higgsed scalar w/ winding charge { w/ Knowledge of string theory )
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Time dependent et tective mass

Enhanced gavge symmetry - ESIP @ self-dval radivs
8 new scalars
4 new vectors
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Enhanced Symmetry

Many examples of ESIPs in string theory
@ Heterotic strings on T€- Enhanced gavge symmetry
@ Type H on K3 - ESPs at singularities

@ Wrapped branes and strings on collapsing cycles
(e.q. conitolds and Tlops)

@ Coincident branes (open strings become light)
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Modol
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fodvuli Trapping
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fModvuli Trapping

Witially:  (x°) =0

Adiabaticity parameter
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Near £E<I° modes become excited

~-Particle production-
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Approx S.H.O.
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Summary of Quantum Dynamics:

- Aodol trapped in finite time {log w/ gravity )
- ESIPs are attractive channel { dynamic selection )
- At strong covpling corrections to

motion { propagator ) can be important
{ Silverstein-Tong )

- Lesson:

L L ‘ *
Dynamics can lead to "vacvum selection’, 2
at least in these simple models. - »




What about inflation and the CC?

e




Early Universe Phase

Transitions?




“The Energy Landscape” of Protein Folding
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Traveling through the landscape

Bousso-Polchinski ( Scalar free )
{ extension of Brown-Teitelboim mechanism, also Feng, et. al. )
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Traveling through the landscape

Bousso-Polchinski ( Scalar free )
( extension of Brown-Teitelboim mechanism, also Feng, et. al. )
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Traveling through the landscape

Bousso-Polchinski (Scalar free)
( extension of Brown-Teitelboim mechanism, also Feng, et. al. )
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Can we use degeneracy of vacva to address naturalness?
Kane, Perry, and Zytkow, hep-th/ 031152

Near degeneracy
--» Superposition of vacva

Ground State Energy
p(f) = H‘U; — 2 Z H*cos( 0 e E
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Can we use degeneracy of vacva to address naturalness?
Kane, Perry, and Zytkow, hep-th/ 031152

Near degeneracy
--2 Suvperposition of vacva

Ground State Energy
p(f) = Hzlfﬁ — 2 Z H*cos(6;)e F

y—1
H ~ 102GeV
d~100% "N~ 10

> po~ (10"l )4

Early Universe would have band structure —-) interesting cosmology

SW., Kane, Perry, and Adams, hep-th/06010054







Cascading Model
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Thoughts on transitions:

- Must be near 2nd order { but some tunneling can occur —->

gravity waves!!! )

~ Thermal efTects can play crucial role

{ e.q. over barrier transitions )

- Models seem Teasible in early uvniverse at high temperature
~ Problematic in late universe

{ transitions proceed slowly, vsvally exp suvppression )

- Hard to calcvlate decay rate from fundamental theory
(e.qg. Feng, et. al.)






CC problem?

ds

Spontaneously broken

Inflation ends
radiation domination

vacuum term returns

Biggest Challenge: Understanding relaxation as decoherence sets in



Issues:

What's “New:

— No need Tor reheating

- Aulh Tlud approach, no need for *Tundamental* scalars
— Band Structure ldea?

~ CC result of degeneracy near TeV

What's not:

— Dif ficult to realize in string theory (we are working)

- KEY: must Tind decay rate { compare to inflationary potential )
~ Sumple examples like B-I> promising, but technically difficult

Biggest Challenge: Understanding relaxation as decoherence sets in
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Issues:

What's “New™:

— No need Tor reheating

- Ml Tluid approach, no need Tor *Tundamental* scalars
~ Band Structure Mdea?

— CC resvlt of degeneracy near TeV

What's not:
— Difficolt to realize in string theory (we are working)

- KEY: must Tind decay rate { compare to inflationary potential )
— Simple examples like B-1> promising, but technically difficult

Biggest Challenge: Understanding relaxation as decoherence sets in
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