Title: Infinity, Finiteness and Inflationary Cosmology
Date: Jul 14, 2011 09:00 AM
URL: http://pirsa.org/11070039

Abstract: | analyze the various roles of infinity in current thinking about cosmology. Topics include initial conditions, attractor behavior, inflation
and the precision and meaning of quantum measurements. | review the de Sitter equilibrium cosmology as an example of a finite cosmology, and
present some new predictions that permit observable tests.
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OUTLINE
1) Ideas and Principles
2) A technical point about ergodicity
3) de Sitter Equilibrium

4} Cosmic curvature from de Sitter Equilibrium
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Phase space trajectories of Upside-down Harmonic Oscillator
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* Take ideas from Holography, A to construct a
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de Sitter Equilibrium (dSE) cosmology

Take ideas from Holography, A to construct a
finite cosmology

Build on initial motivationre the appeal of an
equilibrium system (no “initial conditions”)
Seek the “Bohr Atom” of cosmology

A counterpoint to the infinities of eternal
inflation

Unabashedly exploit uncertainties about the
fundamental physics (i.e. when continuum field
theory is good, and when it breaks down) to
construct a realistic cosmology

AA-arXiv:1104. 3315
AA: arXiv:0906.1047
A & Sorbo: hep-th/0405270
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mplications of the de Sitter horizon
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* Maximum entropy

* Gibbons-Hawking Temperature
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“De Sitter Space: The ultimate equilibrium for the universe?

Horizon
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mplications of the de Sitter horizon
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* Gibbons-Hawking Temperature
I..=H =

* Only a finite volume ever observed

* If A istruly constant: Cosmology as fluctuating
Egm.

* Maximumentropy —> finite Hilbert sgace of
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Equilibrium Cosmology
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“de Sitter Space”
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Fluctuating from dSE to inflation:

irsa: 11070039

The process of an inflaton fluctuating from late time
de Sittter to an inflating state is dominated by the
“Guth-Farhi process”

A “seed” is formed from the Gibbons-Hawking
radiation that can then tunnel via the Guth-Farhi
instanton.

Rate is well approximated by the rate of seed
formation: ' -

y - X
xe = — . H.-

Seed mass:
m.=p,{cH- | =0.0013kg

- %

{10°°GeT )

i 2
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Fluctuating from dSE to inflation:

* The process of an inflaton fluctuating from late time
de Sittter to an inflating state is dominated by the
“Guth-Farhi process”

* A“seed” is formed from the Gibbons-Hawking
radiation that can then tunnel via the Guth-Farhi

instanton.
* Rateis well approximated by the rate of seed
formation: . _m.
e 5 —p O

* Seed mass:

- [ (10°GeV) |
m.=pg.tcH; ) @
; . : | Py |

Small seed can produce an entire universe =
""EVdde “Boltzmann Brain” problem |
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Fluctuating from dSE to inflation:

* The process of an inflaton fluctuating from late time
de Sittter to an inflating state is dominated by the
“Guth-Farhi process”

* A “seed” is formed from the Gibbons-Hawking
radiation that can then tunnel via the Guth-Farhi
instanton.

* Rateis well approximated by the rate of seed
formation: " =

& 3 e I_i:'.':'

* Seed mass:
m_ =g, tcH, l

Smaﬂ seed can p X0 \NS re universe =& |
||||| o7o§dle ;;Bal &O p{Oblem E Page 86/141




Fluctuating from dSE to inflation:

* The process of an inflaton fluctuating from late time
de Sittter to an inflating state is dominated by the
“Guth-Farhi process”

* A “seed” is formed from the Gibbons-Hawking
radiation that can then tunnel via the Guth-Farhi

instanton.
* Rateis well approximated by the rate of seed
formation: m, _m
x e 2 — o Ha

* Seed mass:
m.=p.(cH

o |
Smallseed canp “N*SY\ re universe =»
''''' "TEVdde “Boltz" o ) problem
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de Sittter to an inflating state is dominated by the
“Guth-Farhi process”

* A“seed” is formed from the Gibbons-Hawking
radiation that can then tunnel via the Guth-Farhi

instanton.
* Rateis well approximated by the rate of seed
formation: ™ e
> e lem _ e H,
* Seed mass:
m_=p, (LH"]
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Fluctuating from dSE to inflation:

* The process of an inflaton fluctuating from late time
de Sittter to an infiating state is dominated by the
“Guth-Farhi process”

* A “seed” is formed from the Gibbons-Hawking
radiation that can then tunnel via the Guth-Farhi

instanton.
* Rateis well approximated by the rate of seed

formation: . _m.
- I_":_:_' H_'I-_

* Seed mass:

m. =g tcE; )

oo —
Small seed canp ‘“\Lo\l*r’ re universe 2
"TEVdde “Boltz" o W problem |

Page 89/141



Fluctuating from dSE to inflation:

* The process of an inflaton fluctuating from late time
de Sittter to an inflating state is dominated by the
“Guth-Farhi process”

* A“seed” is formed from the Gibbons-Hawking
radiation that can then tunnel via the Guth-Farhi
instanton.

* Rateis well approximated by the rate of seed
formation: - "

* Seed mass:
m.=p,(cH")

L ’
'Small seed can D O 'Nr’\“ ire universe =»
..... Emﬁde “Bolt &Q §PJ\ problem : [
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Fluctuating from dSE to inflation:

* The process of an inflaton fluctuating from late time

de Sittter to an inflating stateisdominated bv the
“Guth-Farhi process” New work on G-F process

» A “seed” is formed from the Gi| by Andrew Ulvestad & AA:
radiation that can then tunnel { No problematicm—=>0

instanton. limit
* Rateis well approximated by the rate of seed
formation: o _m.
¥ e lem _ e G

* Seed mass:
m._=p.\ CH_?" ]: =0.0013kg

(10%Gev) |

i 2
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Egm. :
freedom temporarily
Seed _ ~decouple to form
Factestias == baby universe:
Tunneling = T @ Inflation
Gk O Radiation
z Evolution - Matter
o -e Sitter

/

Recombination
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Implications of finite Hilbert space V = ¢

* Recurrences

* Egm.

* Breakdown of continuum field theory
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"he de Sitter horizon
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"he de Sitter horizon
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P Horizon: Physical distance from (comoving) observer of a photon that will
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'he de Sitter horizon
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Fluctuating from dSE to inflation:

* The process of an inflaton fluctuating from late time
de Sittter to an inflating state is dominated by the
“Guth-Farhi process”

* A “seed” is formed from the Gibbons-Hawking
radiation that can then tunnel via the Guth-Farhi

instanton.
* Rateis well approximated by the rate of seed
formation .
ce oz — Large £;
exponentially
favored =
* Seed mass: i .
e {10°GeV ) | saturation of
m_=p.tcH, ) :G.G{}lzﬁgz dSE bound
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OUTLINE
1) Ideas and Principles
2) A technical point about ergodicity
3} de Sitter Equilibrium ===

4) Cosmic curvature from de Sitter Equilibrium
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dSE Cosmology and cosmic curvature

* The Guth-Farhi process starts inflation with an
initial curvature set bg the curvature of the
Guth-Farhi Bubble €2;

* [nflation dilutes the curvature, but dSE
cosmology has a minimal amount of inflation
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dSE Cosmology and cosmic curvature

* The Guth-Farhi process starts inflation with an
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Conclusions

* The search for a “big picture” of the Universe that explains
why the region we observe should take this form has proven
challenging, but has generated exciting ideas.

* We know we can do science with the Universe

* [t appears that there is something right about cosmic
inflation

* dSE cosmology offers a finite alternative to the extravagant
(and problematic) infinities of eternal inflation

* Predictions of observable levels of cosmic curvature from dSE
cosmology will give an important future test
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