Title: Negative Curvature
Date: Jun 03, 2008 10:10 AM
URL: http://pirsa.org/07060077

Abstract: | will discuss the possibilities for a post-standard-cosmol ogical-model phenomenology based on the assumption that our universe was born
in atunneling event from an earlier 'Ancestor\' vacuum
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Tunneling from
Eternal Inflation to

Ordinary Slow Roll
Inflation.

Ordmary slow-roll mflanon i
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"Ordinary” inflation™ stretched the universe far
beyond the point where all fossils of an earlier epoch
were completely obliterated.

The expansion factor could have been as large as
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This prejudice is unjustified and is quite possible wrong.

In part it comes from mixing up the two kinds of inflation:

’ "Ordinary” inflation and "Slow Roll” inflation are synonomous in this talk. They are
distinct from the earlier epoch of "Eternal” inflation.
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« Just how much ordinary inflation did take
place? Did it obliterate all evidence of an
earlier epoch?

« Can we look back to when the universe
may have nucleated from another point
on the Landscape? If so. what will we
see?

« Can we see Into other bubbles?

Pirsa: 07060077



irsa: 07060077

Quick Cosmology Lesson

FRW Cosmology
ds=-dt*+a%(t) | dR’ +sin*R (dO” + sin’0 d¢’) |

ds’=-dt*+a¥t) { dR* + R (d0° + sin’0 de?) !

ds” = - dt" + a¥(t) L dR° + sinh R 1dH: + sin”® diP: ) §
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Data inconclusive

 |Inflation flattens. Best fit: Curvature slightly
negative but zero within 1-sigma error

pbars.
A

~0.0175 0 0.0085 Qg

« Anomalous behavior of lowest | primordial
fluctuations? Maybe.
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VWhat does theory say”?

Tunneling on the Landscape
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Negative Curved FRW

a=0 Ancestor

Remote Ancestor
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Too much Slow Roll
inflation would
obliterate everything
v ane e = that came before.
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Why did slow roll inflation happen?

« Slow roll inflation is highly fine tuned.

/\

/

« Bestanswer so far: Anthropic
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Negative curvature means greater than the escape
velocity.

. " =
anren op p =10

too much negative
curvature will
prevent structure
tormation

How to dilute
curvature”’

A period ot
slow roll Intlation
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VMeasure Problem
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Vieasures that

 violently favor large number of

e-foldings (typically very bizarre
consequences).

« that are more or less neutral with respect
to N.

(e.g., Bousso, Harnik, Kribs, Perez,
hep-th/0702115, and more recently,
Guth and Vilenkin, arXiv:0805.2173)



A very simplified 3-parameter model of Frewogel.

Landscape statistics Kleban.
: . h faa
(slope. width, height) -Il["_\f“ilfz-
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Fixing N and integrating over the 3
P(N) = 1/N* parameters gives a “probability” for
the number of e-folds.

\.
N,
\
,

‘\P(N>50) ~ 10

50

N

Inflation is fine tuned to about one part in a million.
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But imposing Anthropic selection requires

N> 47.

‘h

The conditional probability is large.
P(N> 50| N> 475) ~.9
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This is the only known explanation for inflation.

Note: P(IN>100|N>30 ) ~ .1
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P(N) = 1/N?

Now consider the probability that Nis in the
window in which we can see back to the onset of
inflation. This means N < 53.

The window is the red region.

P(S0<N<S83) ~.15
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Fossils of a Tunneling Event
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Fossil #1

Negative Curvature .oy
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Last Scattering

Radiation

Reheatine

Slow Roll

R=0 R

Curvature

R = Co-moving radial distance
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Last Scattering

Radiation
Reheatine

Slow Roll

Curvature FZ = 1 iradms of comvature) ]
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Fossil 2

Very low | tensor modes
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Gravity waves (Tensor modes) are
also produced during inflation but
their amplitude may be (?)

too small to detect.

h~ Hep <1077

But there is a mechanism to
create strong large - scale tensor
modes.
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Gravity waves created
in the ancestor are
inherited in the FRW.
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FRWI/CFT duality

Ben Frenogel
Yoasnhare Sekmo
LS
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(R= 1)

(R<1)
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could low | tensor modes add to a
suppressed low | scalar spectrum
to produce observed data?
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Polarization
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Gradiant modes

G-waves and
density
fluctuations

Only G-waves
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Guth. Weinberg. Vilenkin. Garriga. Freivogel. Bousso. Shenker.
Sekino. Kleban. Bjorken. ..............
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Rings bounding regions of modified temperature. Non-gaussian
statistics? See for example Chang. Kleban. Levi arXiv:0712.2261

But.as with other fossils too much slow roll will dilute the signal to
unobservabiiity.

Pirsa: 07060077 Page 42/42



