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WMAP CMB angular feature size power spectrum —
acousticsin the early universe!
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Temperature fluctuations [ ¢t K” ]
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Temperature fluctuation 67 (uK)
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Eternal inflation and its implications?

Alan H. Guth

Center for Theoretical Fhiysios, Laboratory for Nuckar Sclesor, and Departnsem of

Plyien, Massachmseits Instiiute of Tecknology, Cambeidge, MA 02130
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If inflation ... welcome to the multiverse!

The greater reality
which is outside and
will always be outside
ourexperience

ou are here

Our cosmic event
horizon

SM “beyond-the-
horizon” multiverse

Tegmark’s Type |
multiverse

http://www.scientificamerican.com/article.cfm ?id=multiverse-the-case-for-parallel-universe



How big is this reality? How big does it need to be?

% Elvis lives!

How long did inflation last?

You are here

V P y
\
| A_' RS VR Oops ... you are here ... too

Garriga and Vilenkin, Phys. Rev. D64, 2001, 043511;

These regions share our
| physics... have the same
spacetime
characteristics.

But each has a different
initial condition.

Some serious estimates
say there are countless
regions of “our universe’
size.

All possible initial
conditionsexplored.
Anythingthat could
happen does happen.

r

Tegmark, Parallel Universes in Science and Ultimate Reality: quantum theory, cosmalogy and complexity,

Ids. Barrow, Davies, Harmper, Cambridge Univ. Press, 2004.
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Tunneling from one stable vacuum to another would not occur everywhere
in the universe at once. Instead it would occur at one random location,
producing an expanding bubble of space [arrows] having the new vacuum.
In this example, the blue region of space has vacuum A, whose manifold of
small extra dimensions consists of a two-handled doughnut with groups
of two and four flux lines wrapped around the handles. The red region,
which has vacuum B, emerges when one of the four fluxlines decays.
Corresponding to their different manifolds, the two regions will have
different kinds of particles and forces and thus different laws of physics.

The red region grows rapidly, potentially becoming billions of light-years in
diameter. Eventually another transition occurs within the red region, this time a

decay of one of the two flux lines. This decay generates the green region, which has
vacuum  and still another set of particles and forces.

Fiquieo + TexT Frosm,

Rousso + Polc‘w\:sleio "T‘\ILSTI{M?TL\;OUZ LM“SG‘\Z—“, sc.'. AMZP. 2004



The green region also grows rapidly,
but it never catches up with the red region.
Similarly, the red region never completely

replaces the original blue vacuum.

Because the quantum tunnelingis a
random process, widely separated
locations in the universe will decay
through different sequences of vacua.
In this way, the entire landscape is
explored; every stable vacuum occursin
many different places in the universe.

The whole universe is therefore a foam of
expanding bubbles within bubbles, each
with its own laws of physics. Extremely
few of the bubbles are suitable for the
formation of complex structures such as
galaxies and life. Our entire visible
universe [more than 20 billion light-
years in diameter) is a relatively small
region within one of these bubbles.
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