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Abstract: With a cosmic flight simulator, we'll take a scenic journey through space and time. After exploring
our local Galactic neighborhood, we'll travel back 13.7 billion years to explore the Big Bang itself and

how state-of-the-art measurements are transforming our understanding of our cosmic origin and ultimate fate.
We then turn to the question of whether this can all be described purely mathematically, and discuss
implications ranging from standard physics topics like symmetries, irreducible representations, units,

free parameters and initial conditions to broader issues like parallel universes, simulations and

and Goedel incompl eteness.
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(Figure from Wayne Hu)

(Figure from WMAP team)

Nucleo- Last Galaxy
Synthesis Scattering Formation
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Formation movies
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Cosmological Constraints from the SDSS Luminous Red Galaxies
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Why LRG’s are “Goldilocks galaxies™:

60000 LRG’s have more statistical power
than 2 million regular gals

. L
Quasars: Common gals: . TE
f-toosparse : too dense -









Measuring
cosmological
parameters
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How much dark matter 1s there?
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How much dark matter 1s there?
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How much dark matter 1s there?
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How much dark matter 1s there?
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How flat 1s space?
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How flat 1s space? Somewhat.
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How flat 1s space? €2, ,,=1.003+0.010
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Jsing
WMAP3 +

yDSS LRGs:

Parameter ‘ Value

B Ordinary Matter 759, DARK
B Dark Energy ENERGY

B Cold Dark Matter
B Hot Dark Matter
B Photons

B Budget Deficit

4% ORDINARY 21% COLD
MATTER DARK MATTER

Matter budget parameters:

Qiot 1.0{]3tg'gég Total density /critical density
Q2 D.?ﬁltg:g%; Dark energy density parameter
wp D.E}?Qthlggg; Baryon density
We U.lﬂﬁﬂtg"ggié Cold dark matter density
Wy < 0.010 (95%) Massive neutrino density
w —0.941 tg?gi Dark energy equation of state
Seed fluctuation parameters:
As D.GQD+D'D45 Scalar fluctuation amplitude
—0.044 _
r < 0.30 (95%) Tensor-to-scalar ratio
ng D.QSBtg:gig Scalar spectral index M
+0.0096 ;
ngirsj;70}0003 0'9861_“0-0142 TenSDr SpECtra] lndex Page 78/136
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Jsing
WMAP3 +

yDSS LRGs:

Parameter ‘ Value

B Ordinary Matter 75%, DARK
B Dark Energy ENERGY

H Cold Dark Matter
B Hot Dark Matter
B Photons

B Budget Deficit

4% ORDINARY 21% COLD
MATTER DARK MATTER

Matter budget parameters:

s T 1.003

QA 0.76

wp

We 0.105

B < 0.010 (95%)
- —0.941T0-087

+0.010
—0.009
,+0.017
—0.018
+0.0007
0.0222_5.0007

U+O.{]041
—0.0040

—0.101

Total density/critical density
Dark energy density parameter
Baryon density

Cold dark matter density

Massive neutrino density

Dark energy equation of state

Seed fluctuation parameters:

Asg 0.69

T < 0.30 (95%)
"3

ngirsj—omillom 0.986

X

D+O.[J45
—0.044

+0.016
0'953—0.016

1+D.0096
—0.0142

_0.0401+0-027

Scalar fluctuation amplitude

Tensor-to-scalar ratio

Scalar spectral index M@.ﬂ

Tensor spectral index
Page 79/136
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Cosmological
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Nature of early Universe?




e
t




But can we understand all this in terms of a fundamental
“theory of everything”?

Can we describe reality purely mathematically?




External Reality Hypothesis (ERH):

There exists an external physical reality
completely independent of us humans.

Mathematical Universe Hypothesis (MUH):

Or external physical reality is a mathematical
structure.




External Reality Hypothesis (ERH):

There exists an external physical reality
completely independent of us humans.

But ... what am I going to do
with all these Solipsisn

gg&&g?iﬂm flyers and posters now?

36




External Reality Hypothesis (ERH):

There exists an external physical reality
completely independent of us humans.




External Reality Hypothesis (ERH):

There exists an external physical reality
completely independent of us humans.

TOE
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External Reality Hypothesis (ERH):

There exists an external physical reality
completely independent of us humans.

For this description of the external physical reality to be
complete, 1t must be devoid of human “baggage”.
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. Tegmark & Wheeler 2001, quant-ph/0101077
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So 1s “God created Heaven and Earth” a mathematical structure?




“God created Heaven and Earth™:
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External Reality Hypothesis (ERH):

There exists an external physical reality
completely independent of us humans.

Mathematical Universe Hypothesis (MUH):

Or external physical reality is a mathematical
structure.




Phenomenology
implications
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Emergence
implications




*[s it really possibly to derive “physics from
scratch”, 1.e., frog’s view from bird’s view?

* How would physics emerge from the
mathematical structure?

* Promising st steps: automorphism group,
symmetries, irracs & irreps, etc.

* Godel completeness/Church-Turing
computability may help explain why our
universe 1s so simple.
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*[s 1t really possibly to derive “physics from
scratch”, 1.e., frog’s view from bird’s view?

* How would physics emerge from the
mathematical structure?

* Promising st steps: automorphism group,
symmetries, irracs & irreps, etc.

» Godel completeness/Church-Turing
computability may help explain why our
universe 1s so simple.



Parallel

universe
implications
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lf our frog’s view of our ...requires more bits to
observable universe... describe than...

103
bits?

...then we 're in a multiverse!
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...the bird’s view of our
mathematical structure...
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Where are the parallel universes?

1) Far away 1n space

3
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What are the 4 multiverse levels like?

0190 bits?

1) Same effective laws of physics,
different initial conditions

10 bits?

2) Same fundamental laws of physics,
different effective laws (“bylaws”)

102 bits?

3) Nothing qualitatively new

4) Different fundamental laws of
physics
) bits!
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What are the 4 multiverse levels like?

10190 bits?

1) Same effective laws of physics,
different initial conditions

107 bits?

2) Same fundamental laws of physics,
different effective laws (“bylaws™)

107 bits?

3) Nothing qualitatively new

4) Different fundamental laws of
physics
0 bits!
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What are the 4 multiverse levels like?

1) Same effective laws of physics,
different initial conditions

2) Same fundamental laws of physics,
different effective laws

3) Nothing qualitatively new

4) Different fundamental laws of
physics
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Level 11 sublevels in string landscape:

2a) Same effective laws of physics
(same minimum), different post-
inflationary region

/ 2b) Different minimum in effective
supergravity potential

} \ 2¢) Different fluxes

2d) Different compactifications

arame fundamental laws of physics (same mathematicql
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Simulation
hypothesis
implications




Do we live in a simulation? (The Matrix, Tipler, Bostrom,
Schmidthuber, Lloyd...)

* McCabe, Penrose: no, at
least not a digital one

* Involves measure problen
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Do we live in a simulation? (The Matrix, Tipler, Bostrom,
Schmidthuber, Lloyd...)

« McCabe: no, at least not a
digital one

* Involves measure problem

» Unjustified to identify the 1D computational
sequence with our 1D time

« Little said about how to identify the GR quantum
universe with an evolving bit string.

* The “computer” doesn’t need to evolve the universe,
merely specify it.
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Penrose’s Bermuda triangle:

Math
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Matter ——m- Mind
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My guess:

Math

[+

Matter —— = Mind
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Conclusions:

* Cosmological data avalanche

* ERH => MUH => implications for physics:

» Emergence: symmetries, 1rreps, etc.

* “Initial conditions” banished: simple
mathematical TOE => multiverse

» Simulation argument. computation doesn’t
need to evolve the mathematical structure,
merely specify it

» Godel completeness/Church-Turing
computability may help explain why universe 1s
so simple.
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We’'re
not

taking
this guy
seriously
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