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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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The ultimate Copernican revolution — The Mathematical Universe

Tegmark’sidea:

»Assume there is an external reality
independent of humans

»There exists a TOE (theory of
everything)

» TOE must be well-defined and
unambiguous (no human language, etc.)
» TOE must be mathematics

» TOE must be a self-contained
mathematical theory

»The TOE must be perfect and must
have parts that correspond to every
aspect of reality ... isomorphic mapping
»The TOE is reality

»If this self-contained, self-consistent
mathematical framework corresponds to
our reality, why not others?

Level 4: Other mathematical structures
Features:  Different fundamental equations of physics
Assumption: Mathemutical existence = physical existence
Evidence; - Unreasonable effectiveness of math in physics
Answers Wheeler Hawking question
"why these equations, not others”

SM “mathematical” multiverse



