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What 1s a universe?



Max Tegmark’s
multiverse taxonomy

Classified by level of
abstraction/complexity

Cosmologist
at MIT

Level 1: Regions beyond our cosmic horizon
F Same laws of physics, different itial conditions
ns: Infinite space, ¢ matter distribution
Evidence: - Microwave background meaurements point to
flat, infinite space. lar,
Simplest model

ale smoothness

Level 2: Other post-inflation bubbles

Featu Same fundamental equations of physics, but perhaps
different constants, particles and dimensionality

Assumption: Chaotic inflation occurred

Evidence: - Inflation th explains flat space. sca

fluctuations, solves horizon problem and m,
problems and can naturally explain such bub

Explains fi ined parameters

Level 4: Other mathematical structures
Features:  Different fundamental equations of phy

Assumption: Mathematical existence = physical exis

Evidence; - Unreasonable effectiveness of math in physics

Answers Wheeler/Hawking question
why these equations, not others

ics

nee

Level 3: The Many Worlds of Quantum Physics

Features: Same
Assumption: Physics unit.
Evidenc perimental support for unitary
AdS/CFT correspondence sug
©n quantum gravity is unit
Decoherence experimentally venified

Mathematically simplest model




My populist taxonomy —
classified according to primary
form of separation of the
universes

Space-time separated
Dimensionally separated
Faith-based



Fecund multiverse

Beyond-the- Cyelic big bang
horizon multiverse

multiverse e Many-worlds
Scientific T
multiverse

Bubble multiverse

Co mpuﬁtion al Mathmatieal
multiver multiverse E-lq:&}-‘rofjf multiverse

Non-scientific | ——m8™— Based on science, but

Multiverse of faith reputable experts argue
over the degree to which

Multiverse of wishful the Illlllifl"EI‘SE hypothosis
thinking is testable

Figure 1.1: Relative degrees to which Lfifﬁ rent

multiverse conc epts are




Many worlds-multiverse

Quantum

Multiverse of wishful Fecund Cyclie
thinking multiverse patch
Mathmatical multiver

Computational multiverse

1 Bubble multiverse
multiverse

Ekpyrotic multiverse

——————— | Cosmwological | Cyclic

big bang
Multiverse of faith Beyond-the- multiverse
horizon
multiverse

Figure 1.2: Relative degree of quantum versus cosmological

character for different multiverse concepts.
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See ‘Q“"’“' a-c@k.'\' e

http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersofl0/index.html

Length:
Distance Length (m)
Radius of visible umverse 1x10%
To Andromeda Galaxy 2x 10%
To nearest star 4x 1016
Earth to Sun 1.5x 104
Radius of Earth 6.4 x 10°

Sears Tower 45x 10°

Football field 1.0 x 102
Tall person 2x 100
Thickness of paper 1x 104
Wavelength of blue light 4x 107
Diameter of hydrogen atom 1x 101
Diameter of proton 1x 105




Interval

Age of universe

Age of Grand Canyon

32 years

One year

One hour

Light travel from Earth to Moon

One cycle of guitar A string

One cycle of FM radio wave
Lifetume of neutral p1 meson
Lifetime of top quark

Time (5)
5x 10"
3x 10%
1x10°
3.2x 10/
3.6x10°
1.3x 10°
2x 103
6 x 10%
1 x 10-1¢
4x 10




Object

Milky Way Galaxy
Sun

Earth

17
I

ad -~
Boeing 74

Car

Student
Dust particle
Top quark
Proton
Electron
Neutrino

Mass (kg)
4x 104
2x10%
6 x 102
4% 10°
1x10°
7x 10!
1x10°
3x 10
2x 1027
9x 103!
1x 1038
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