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@ Is Consistency Enough?

@ U:ri'ique, Falsifiable Predictions?
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Quantum Fluctuations in De Sitter Space:
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reheating

Scalar density fluctuations: Different regions end inflation
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Again: Quantum Fluctuations in De Sitter Space:
<(0®d)2> =~ H>

BU'T the two helicity states of gravitational waves follow
independent eqs of scalar field. Hence GW fluctuations:

bz~ H?= V= M+
A GENERIC PREDICTION OF INFLATION!

Note: Scalar density perturbations depend upon shape of
potential. Tensor perturbations just depend upon scale!
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A Smoking Gun!: Inflation Probe

A flat spectrum of tensor modes on all scales is a

generic prediction of inflation. Since one might imagine
other ‘seeds’ for scalar fluctuations, search for tensor
modes, is considered a search for ‘smoking gun’ of inflation.

Signal ?
Polarization of the CMB!:

Quadrupole
Moment of
< Radiation:
Anisotropic
scattering..
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Polarization from Quadrupole

cf:
Dodelson
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Smoking Gun

Modes enter horizon with constant amplitude h,, and
then redshift after that. Dominant effect: modes of

order horizon at decoupling, |1 =200 and | = a few (reionization!)

KEY POINT: tensor to scalar ratio is fixed |

i.e. Single Field
0=Too = 1/2 (dP/dt)? + V

p=Tii = 1/2 (d(I)/d’t)2 it

oy potential:

NOTE: This actually makes

it appear that r is insensitive
to M, but this is not true...
~ I+w= € 1.e. r =0 for flat potential

because S =0
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Smoking Gun

SINCE DENSITY PERTURBATIONS DEPEND ON
SCALE, and must equal measured anisotropy in CMB:

o JHX _p ~\/T~10-5
P & Ve +p 1 +w

HENCE M ~ p!/* e VA 10752 (14 w) /4~ 1073

THUS: LARGE TENSOR CONTRIBUTION!

BETTER STILL!: Amplitude depends on V. Thus non-scale invariant
amplitude =kn, where n# 1:
| nI= € (non-flatness of V)
THUS, both r and n are tied to € in such models.

MEASURING POLARIZATION AND SPECTRUM
CONSTRAIN r and PROBE INFLATION!
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Hence: S o

(1) Super-Planck excursions: Beware all ye who enter
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(11) Super-planck excursions: NOT ALLOWED?
(String Theory!) Hence r << .01 ?

(r11) Super-planck excursions: String theory necessary:

(UV Complete: calculate anything possible)
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Problem #2: What do current experiments

really suggest?
i.e HAS r#o been discovered? cf.. D, deV, S, 2008

Posterior likelihood analysis depends on prior choice for H

Should one choose flat distribution in H, or log H, for example?

Consider Flat Priors on:  {edm {.0.7}

- | H/'Z _ H// . H/Hm .
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Smoking Gun 77
Problem #2: What do current experiments
really suggest?

Bayesian Complexity < 8

Good News?




Smoking Gun??




Smoking Gun??

Q: If we measure r#o have we discovered inflation?




Smoking Gun??

Q: If we measure r#o have we discovered inflation?

A: No




Smoking Gun??

Q: If we measure r#o have we discovered inflation?

A: No

LMK ’92:




Smoking Gun??

Q: If we measure r#o have we discovered inflation?

A: No

LMK ’92: Consider a global phase transition that takes place either
after inflation or with no inflation:




Smoking Gun??

Q: If we measure r#o have we discovered inflation?

A: No

LMK ’92: Consider a global phase transition that takes place either
after inflation or with no inflation:




Smoking Gun??

Q: If we measure r#o have we discovered inflation?

A: No

LMK ’92: Consider a global phase transition that takes place either
after inflation or with no inflation:

No Defects but field

uncorrelated on sizes larger than
horizon




Smoking Gun??

Q: If we measure r#o have we discovered inflation?

A: No

LMK ’92: Consider a global phase transition that takes place either
after inflation or with no inflation:

No Defects but field

uncorrelated on sizes larger than
horizon

Still, energy stored in gradients




Smoking Gun??

Q: If we measure r#o have we discovered inflation?

A: No

LMK ’92: Consider a global phase transition that takes place either
after inflation or with no inflation:

No Defects but field

uncorrelated on sizes larger than
horizon

Still, energy stored in gradients




Smoking Gun??

Q: If we measure r#o have we discovered inflation?

A: No

LMK ’92: Consider a global phase transition that takes place either
after inflation or with no inflation:

No Defects but field

uncorrelated on sizes larger than
horizon

Still, energy stored in gradients

When horizon grows, gradients relax. Use quadrupole approx to
calculate generation of gravitational waves ON THE HORIZON.
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(Vo) '~ o,
Q=t M Lz= tM/H?=tp /H5 ~tv2/H3
O

3
@ AE~H='X Lummosn‘y ~H~ IG( dz,‘Q)

RMS Strain:

Identical to'Inflation.. Flat Spectrum..continued relaxation on H

scale.. up to factor of f.. Q: What is £?
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Trick: find analytical model where calc. can be done exactly:
K J-S, LMK, HM, ‘o8

O(N) sigma model: ;Zjlc:% =17

Confirms earlier result.. Power:

BUT!M! forpt=1 C=2000 ! FOUR ORDERS of MAG!
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: ! J m P
===  Ratio of strengths: 10 [N' /4v].

Even if phase transition at lower scale than inflation it
can dominate signal!

Q: Spectrum is flat

on horizon scale, but
differs on superhorizon
at any time. Does this
produce difterence

in polarization???

1000 |

Power x (N/G*n %

0.1
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“Proving” Inflation with
Gravity Waves

Q INFLATION: NO UNAMBIGUOUS PREDICTION?
Q@ SMOKING GUN FIZZLES? NOT PROVABLE?

@ MEASURING r: NOT LIKE SUSY: R< .01 CHANGES
ENTIRE PICTURE OF INFLATION!

Q@ INDEPENDENT OF SOURCE, TENSORS PROBE
PHYSICS AT GUT SCALE!!!!

Q@ FALSIFIABILITY? (FUNDAMENTAL PHYSICS OR
NEW RESULTS?
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!

Anthropic Mania

- there are many different universes, and the energy

of empty space can vary in each one, then only those

in which 1t 1s not much greater than what we measure
will galaxies form... and only then will stars and

planets form, and only then astronomers....
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Why Stop There?

The Constants of Nature and the
Puzzles of Modern Physics

Gravity: The weakest force in nature...
Proton 2000 times heavier than the electron

Three generations of elementary particles...
who ordered them...

A theory of anything?



The Landscape of
Nothingness

Stable
Parameter VaCuum

nergy

Parameter :
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The Fundamental Anthropic
Problems?

& An idea based on ignorance

& One never knows what variables are anthropically

selected (or not).
& One never knows what the set of possibilities is.

~ © It is never compelling, only suggestive.

@It has been wrong before!
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L.imits to Growth?

LMK, GDS o4

We Can Calculate the Total Recoverable
Energy with the Horizon:

E,(R) _ 47 4
E(R) 3

R‘i
E a(R")= [4aR*dRp,, (R)
a

(2,0, )[1-(HRH]

Total Energy = 3 x 1097 Joules
= total baryonic rest mass within today’s horizon.
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Hawking’s Revenge

& To Process information down a noisy channel requires
minimum energy

& Hawking temperature provides a lower floor

a2 In2

— =2x 10",
64GH"

Information Processed < E__

Moore’s Law < 400 Years!
High Tech Civilizations don’t last long?
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A Difterent Anthropic
Measure?

& Not Number of Galaxies hospitable to life?
(i.e. Dark Matter per Baryon)

© Total Number of Observations (zobservers) =
maximum total number of computations...

Q WE ARE NOTTYPICAL IN A LONG
LIVED UNIVERSE!

$ Favors a cosmological constant < 104 present
value...
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Can Anthropic Principle
“Explain” Lambda?




Can Anthropic Principle
“Explain” Lambda?

As currently framed: just
demonstrates correlations..
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Typicality is Everything!!

IM, LMK, GDS o7

. P(Allife)
What Really Matters is R= BT

P(us|life)

Define 3 ‘conditional’ probabilities: Alus)

We have no idea of 2, but fix p =1 N A us)

Rlc,y) with p=1

1% -8 -6 -4
log, ()

Then, R is still small over most of parameter space!
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Dark Energy: Can we
falsify Lambda’

& The ONLY truly interesting question: Is dark eper%y
distinguishable from a cosmological constant? 1.e. Is w # -1?

& The most reasonable theoretical prediction is w=-1, via a
cosmological constant.

& Observations suggest w =-1

& Measuring w =-1 therefore tells us nothing.




The End of an Era?
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1. Dark Energy:




1. Dark Energy:

¢ existing limits -1.2 < w < -0.8* already rule out many
alternative models. How much better can we do..
with existing theoretical uncertainties and expected
observational accuracy?




1. Dark Energy:

¢ existing limits -1.2 < w < -0.8* already rule out many
alternative models. How much better can we do..
with existing theoretical uncertainties and expected
observational accuracy?

& The PROBLEM: We DONT HAVE ANY IDEA of
w(z). Hence limits on w=constant are not
appropriate.
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Pure theory required?




Pure theory required?

Betting on the future!
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Is Falsifiable Science False? cuxrson

& Recall Cosmology CIRCA 1900: Static and
Eternal

@ Cosmology circa 1916: STATIC de Sitter:

What will the future bring?:




ur Island Universe....
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1. Hubble Expansion Disappears: 100 billion

years most things invisible, 1 trillion years,

rest of universe disappears. NO OBSERVED
HUBBLE EXPANSION OF GALAXIES

2. Dark Energy disappears?:  pu/pa ~ 1072

@ Dark energy invisible when

pp <€ ppr. but also when pp = pjy.
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3. CMB Disappears! t =100 Gyr, peak at = 1 m,
frequency of 300 MHz. Intensity down by 12
orders of magnitude!

P

. f ; o+ 1/2
4.Plasma freq. in galaxy is , _ (”-ef’- ) ~ 1 kHz

T,
@ CMB not permeate the galaxy:.

& achieved when universe less than 50 times its
present age..
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5. General Relativity no help! (Recall LeMaitre)




5. General Relativity no help! (Recall LeMaitre)

6. Island universe allowed in background
Minkowski space (schwarzchild solution)..
temporarily. hence finite future.




5. General Relativity no help! (Recall LeMaitre)

6. Island universe allowed in background
Minkowski space (schwarzchild solution)..
temporarily. hence finite future.

7. What about finite past?
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8. Primordial Abundances Polluted: i.e
Y prim=0.24 but Y =.6 in the future!




Fraction of critical density
0.01 0.02 0.05

8. Primordial Abundances Polluted: i.e
Y prim=0.24 but Y =.6 in the future!

“He Mass fraction

Number relative to H
= -
o (=)
.. &

5
Baryon density (1073! g em™®)




8. Primordial Abundances Polluted: i.e
Y prim=0.24 but Y =.6 in the future!




m Hydrogen Helium
m Elements heavierthan helium

8. Primordial Abundances Polluted: i.e Big Bang

Mucleosynthesis right after

Y prim=0.24 but Y =.6 in the future!

Present Day
Abundances in the sun

1 Trillion Years
A heavy future




8. Primordial Abundances Polluted: i.e
Y prim=0.24 but Y =.6 in the future!




8. Primordial Abundances Polluted: i.e
Y prim=0.24 but Y =.6 in the future!

9. No primordial deuterium
absorption from distant quasar




- QS0 1937-1009
[z, = 3.572
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o0
(-]

ab

1

erg s CIT1

8. Primordial Abundances Polluted: i.e
Y prim=0.24 but Y =.6 in the future!

H
[

16

]

9. No primordial deuterium
absorption from distant quasar

Normalized Flux

C (1334)5
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8. Primordial Abundances Polluted: i.e
Y prim=0.24 but Y =.6 in the future!

9. No primordial deuterium
absorption from distant quasar

No evidence of primordial big bang

production!
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Normalized Flux
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Z., = 3.572
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FALSIFIABLE SCIENCE:

Return of Static Universe!




The Good News




The Good News

We live in a very special time: the only
time when we can observationally verify
that we live at a very special time!




More important, although we are certainly
fortunate to live at a time when the observation-
al pillars of the big bang are all detectable, we
can easilv envisage that other fundamental
aspects of the universe are unobservable today.
What have we already lost? Rather than being
self-satistied, we should feel humble. Perhaps
somedav we will find that our current careful
and apparently complete understanding of the

‘universeis seriously wanting. =




THE GOOD:




THE GOOD:

Golden Era of Observational
Cosmology has changed everything.

New observations have a realistic
chance of probing nature on
“heretofore unimaginable scales.




THE BAD:




THE BAD:

Fundamental Limits on science may

be looming




THE UGLY?:




THE UGLY?:

The nature of fundamental
science may change




THE UGLY?:

The nature of fundamental
science may change

or end
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We will be lonely and ignorant,

but dominant




