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Indications from Precision Cosmology are:

We may need new physics to explain observables

Therefore it is time we take seriously:




. Virtues & Vices (a)

A well defined framework
Lots of progress
Can predict realistic cosmologies

Valid at High Energies: Should address
fundamental issues ?!

N=10100 _ 4500




4. String Cosmology: Virtues & Vices (b)

Q: Does This mean theory loses its predictive power and
becomes non-falsifiable?

Q: Which vacua does our universe pick?
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| believe AS fails the above criteria since:




6. Anthropic Selection
— a counter example
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This is an ﬂ!ter ai ry attempti efine life.
The probability distribution wou id be vﬁry different if
AS is applied to this theory.
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e Minisuperspace = Field Space spanned by

variables [¢,al: Q) pocometerize:
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Hamultonian constraint on WaveFunctional
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Model the non-SUSY sector of
the landscape by a stochastic _
distribution of vacua energies, ~_
namely a randomiy disordered

N el =l Tl ==l

‘super-lattice’ (white noise




Proposal For Selection Criterion

WaveFunction of the universe

Wheeler-DeWitt equation, (WDW).

Probability Distribution

¢ Maximum of
universe.

gives the most probable




The Selection Criterion for the
Landscape Vacua

Is thus a dvnamic selection based on the
Proposal:




Proposal Applied to SUSY Sector

Solutions obtatned fr':‘rm WD gqh!u!u

_ﬂlr SUSY sector are :.I.:mdmg wave , A
e "_‘t‘fnc;'fd over the whole hmdsnrpt. H@(ﬂ, qb) =0

(Stmilar to ‘Theta-vacua)

rw) - Dm_ to tlmnehng a.u:.{ coT-
Eetwmn:giatmﬂeft moving plane
waves there are N — 1 normal mode bound states that
ceupy the SUSY minisuperspace of the landscape in a
liserete band of energy levels that have a non zero mass
gap from the degenerate vacoum A = 0. Each of the




Applied to non-SUSY Sector

® Probability distribution,
obtained from Density of
States “p(E), " is peaked
around the universe with zero
vacuum energy:




ne Universe

this All Come From 7 ?7°

Initial Conditions, P = EXp[S] = Exp{1/A }, and Arrow of Ti

Understand A and its Impli itial and final Stats

The Gravity, the Qus L_'_ n and Thermod jrr'r“ cs, | Unitarily, Causality and
2ind Law)?! Need a f‘-_l ndameantal Theory o addre —’5 the incompatibility
armnong them!
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The Landscape

Landscape as playground for the

Many Worlds interpretation-who A MetaUniverse for Initial Big Bangs
would have thought?...0Our
Infinite Muitiverse?!

What was there before time?
1Pi5 0604




Decoherence and Backreaction of
Massive Perturbations on Geometry

1- Backreaction of long
wavelength perturbations
Decoheres our universe from
other patches on phase

space.
Z= Minisuperspace (&, ¢ F n} of
infinite dirmension, includas inftarnsi

d.o.F of vs aru_f (D s+Denef).

becomes Master Equation
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The Landscape

Landscape as playground for the

Many Worlds interpretation-who A MetaUniverse for Initial Big Bangs
woulid have thought?...Our
Infinite Muitiverse?!
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What was there before time?
1Pi5 0604




Decoherence and Backreaction of
Massive Perturbations on Geometry

1- Backreaction of long 7 , I
E ki =a (s + &), o=on+ Eafla)al)".

wavelength perturbations ~ ; ~ v

Decoheres our universe from S | _ \

other patches on phase ‘1’(&, Q, fﬂ} = ‘I‘ﬁ{ ao )L, vyl thﬂ}

space.

2 Minisuperspace {a, ¢ f n} of

infinite dirnension, includss infermzl

JJ!'JJ’K-—HU_;(D +Deneﬂ

becomes Master Equation
' Jss un;}iﬂﬁﬂ{ 6.)f2> 0.

y= (5]/(85)¥3 During ifltion y ~ 30
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Gravity vs.Matter: Dynamic
Selection of Initial Conditions

%1
» Collapse
® Survive and grow

! Density mobnix sows Phose Jpace not conserved
U (v, &, fn) ¥ (', &, f)Mndfndf;,
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Gravity is ‘Negative Heat Capacity .
Gravity+Matter not in Thermal Equilibrum. Thus Statistical
Arguments may be Invalid. They lead to Paradoxes.

The opposite tendency of Matter vs. Gravitational Degrees of
Freedom to Eqlb. Pick an Initial Entropy, S=0.

and have an Arrow of Time 1!
e Ergodicity is explicitly broken. There is quantum entaglement -
Casual Patch Physics and Holography in Question?




Gravity vs.Matter: Dynamic
Selection of Initial Conditions
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Gravity is ‘Negative Heat Capacity .
Gravity+Matter not in Thermal Equilibrum. Thus Statistical
Arguments may be Invalid. They lead to Paradoxes.

The opposite tendency of Matter vs. Gravitational Degrees of
Freedom to Eqlb. Pick an Initial Entropy, S=0.

This is why: We Started at such a Low Eniropy

and have an Arrow of Time 111

e Ergodicity is explicitly broken. There is quantum entaglement -
Casual Patch Physics and Holography in Question?




Gravity vs.Matter: Dynamic
Selection of Initial Conditions

. Collapse
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! Density mobny smows Phose Jpace not conserved
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Decoherence and Backreaction of
Massive Perturbations on Geometry

1- Backreaction of long b o200
wavelength perturbations i = (8
Decoheres our universe from | | :
other patches on phase "Il(q, Q. fﬂ) a \Il't,{ ¥ @}Hn i | [}fn)
space.

2- Minisuperspace (=, ¢, T n} of

infinite dirnension, includses intzrmal

cl.o.F of f-jJu_r {D +Deneﬂ
becomes Master Eua'rlo

+e"U(a,0.)f2 > 0.
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Gravity vs.Matter: Dynamic
Selection of Initial Conditions

— R A D

e

" Collapse

® Survive and grow
! Density mobny siows Phose Jpace not conserved

o

e T T T
ya (&—a")7) o

=~ One



15. Remarks:

Top Down
Bottom-up




Gravity is ‘Negative Heat Capacity’'.
Gravity+Matter not in Thermal Equilibrum. Thus Statistical
Arguments may be Invalid. They lead to Paradoxes.

The opposite tendency of Matter vs. Gravitational Degrees of
Freedom to Eqlb. Pick an Initial Entropy, S=0.

This is why: We Started at such a Low Eniropy
and nave an Arrow of Time 1]

e Ergodicity is explicitly broken. There is quantum entaglement -
Casual Patch Physics and Holography in Question?




15. Remarks:

Top Down
Bottom-up




[ Hep-th/0512070], [Hep-th/0511112], [Hep-th/0511102] (Entropy)

[Hep-th/0404026], [Hep-th/0410213] (Wavefunction on Landscape

Proposal)
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15. Remarks:

Top Down
Bottom-up
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