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What is the Multiverse?
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A Necessary Extension of Physics

1. Mystery of the Initial Conditions of our
universe needs a multiverse

How else can we ask the guestion: why did we start
with these [L./Universe -without implying - as

compared to what other choices?

Fundamental Questions about our Universe Do imply
the Existence of a Phase Space for the Initial
Conditions, a.k.a, a Landscape




Necessary Extension of Physics, ctd...
2

olftzmann Brains? Arrow of Time? Inflation? °Anthropics’

3.

here is no good reason to why stop there. After all, Big Bang is only a local process in the
neighborhood of our LL.C.

here is no indication or criterion that a local theory is cohesive and self-consistent




Inflation: Such Extraordinary Unlikely Initial Conditions!

* What selected these Initial
Conditions?
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* What Banged? Where did
this come from?

Need to extend to Multiverse?




Puzzle of Initial Conditions and the
Multiverse
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REALLY SPECIAL ” OR JUST “OUT OF EQUILIBRIUM”
RARE FLUCTUATION? DYNAMIC SELECTION?

Maxi V. S 1= Eqib!
S=Log[V]

Min =Non Eqgib!!
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P = Exp [S], Entropy S =1/Lambda.

Extraordinarily Unlikely Event | Anything Else More Likely !

mediate Troubles:
“Too Spedal”, "Arrow of Time”, “Boltzman Brains” }




A Computational View of the
Multiverse: Information

» |nformation is contained in Correlations.

= Entropy parameterizes Information.

= We know Exactly how to calculate Correlations.

- why don't we understand the Entropy of the Universe?
- |t is not clear which correlations to include?




Experience with Multiverses?

They are
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Inflation: Simple and in Agreement with Observations. BUT:
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Experience with Multiverses?

They are

hey cannot all correspond to Reality unless Identica



Inflation: Simple and in Agreement with Observations. BUT:
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String Theory Landscape

Advances in String Theory Result in Not Just 1
vacua for A Universe Like QOurs. More Like 107500 of Them?!

A whole LANDSCAPE of Universes... but:

How do we select our Universe in this multitude?
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String Theory Multiverse
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2 Views For TOE

» “Reductionist’:

« “Meritocratic”:




 of Quantum Gravity will be conceived in the
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| believe, it has to contain
part of which will survive deconstruction in the low

energy limit.

The Multiverse of any theory will likely have two
phases: , Since our universe

has to be part of it.

Ultimately, Multiverse can correspond to
Physical Reality !



s Multiverse :

all there is.

s [lniverse :




Multiverse Types and Hierarchy:

With current limited knowledge. we can expect these types and

hierarchy of multiverses:

- TYPEA

« TYPE B:

« TYPE C:

subdivide
A*D B'D
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Multiverse Types and Hierarchy:
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Kussian Oolls’ Hierarchy




lifrerences in e lnteroretation

MULTIVERSE : A Mathematical or a Physical Entity?

Only 1 Multiverse can Correspond to Physical Reality

. Inclusion of
Dynamics

( Not quite a Platonic view ) .




But Dynamical Description Demands Space
and Time

= SPACE = TIME
Time-Translation
Symmetry
If correlations exist, then multiverse
embedded in One Bckg Spacetime Energy cant be created and destroyed
(Cannected) in/ across domains. Then only one time
parameter in common for all domains.
= Hgssibly Fundamental in TYPE B?
Connected Disconnected = Fmeraentin TYBE A 7

is fime Fundamental or Emergent? | will now assume OM is valid and fundamental
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Class of Multiverses cor esponding to sical

(IF M Survives)

nslation Symmetry + Domain Correlation

el el s bl lal~t
1 | =u I .y,

- '.,’1 L S e — = =
- am ey - = 1 — — - e | | i1
- - o] S Qe | o o = | s = el e L s o el
=
- ilil=1s o
- - E 4 H in
1 -
------ I'-' -ql-.|“q| :- i :--HHEH--- A : 1 '..I- -t :1.-: .:J-.-
- | bt - - | e i - - o - ) Y S L0 o e

1 I

F

R

NEd

rREalaTIORNS FIn
i

'-:'-I'1<'-'- = l'n—- ‘

=
(s
1



Hierarchy: Dynamics+ Quantum Mechanics

Multi-World: Disconnected Type C
Time Emergent

- D -
J = | -
W i =
=

Connected: Type A

Same Laws: Type B QEESS
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Hierarchy: Dynamics+ Quantum Mechanics

Multi-World: Disconnected Type C
Time Emergent
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Selection Of Our Initial Patch: Why Pick One
with Such an Extraordinarly Low Entropy?

EXAMPLE : Siring Theory

* Non-Equilibrium: “Super
Selection

Take the Landscape as
the Theory of the Initial
Conditions

'‘SURVIVOR'
=Expand

ynamics of gravity
rsus matter determines
e superselection rule.

TERMINAL
=Collapse










« LANDSCAPE: Each vacua can potentially host a universe.
Include decoherence among solutions.
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LANDSCAPE: Each vacua can potentially host a universe.
Include decoherence among solutions.

WaveFn. Of Universe: Quantum Mechanics - not Quantum
Cosmology !
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What Happens to Phase Space

Dynamically Cleansed
Out of Low Energy

Inflationary Patches i ‘# temma

From Gravitational : _

Instabilities! i ==
“Survivor and Terminal

Universes! B.

. Dynamically Reduced

‘Specia” . C. == Out-of-Equilibrum
Univetse is Not Ergodic.

: 0809004




A Radical Proposal But Does it
Make Predictions that can be Tested?

Yes, Mixing Remains by Unitarity !!

An Entangled State Can Not Evolve into a Pure State
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A Radical Proposal But Does it

Make Predictions that can be Tested?

Yes, Mixing Remains by Unitarity !!
An Entangled State Can Not Evolve into a Pure State

Nonlocal Entagiement Imprinted in CMB, LSS,
VOIDS.
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A Radical Proposal But Does it

Make Predictions that can be Tested?

Yes, Mixing Remains by Unitarity !!
An Entangled State Can Not Evolve into a Pure State

Nonlocal Entaglement Imprinted in CMB, LSS,
VOIDS.

2. Bounds on M _{susy} as local fundamental scale to

be tested by LHC.
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Initial Conditions of the Universe.
The Multiverse.
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Initial Conditions of the Universe.
The Multiverse.
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