What is the Universe Made Of ?
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Where did Hydrogen and Helium come from?
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Freezing out the forces. Theory of
Everything
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Where did these
“seeds” come from

galaxies and

Seeds of future
galaxy clusters

The Horizon

Current CMB
emitted from

t

is par

We will only
of universe
ime in
future

see th
somet

Earth

sphere 13.7
billion LY -
in radius.

A

(]
n
2
[
=
c
-]

isible
universe

Vv

Universe
380,00
years old

380,00
years old

Causality

¢ Points A and B have never communicated.
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* How do they know how to have almost exactly the

same conditions?




What happened back at the Big Bang?
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The Flatness Problem:

Scale Factor R(t)

» Early universe: Dark Energy not important.
» Flatness required gravitational, kinetic energy in exact

balance.

Critical Density

 But this requires incredible precision at start (t = 0).

Freezing out the forces.

Time after
Big Bang

1074+ g

Theory of
Everything

Temperature
of universe

10%2 K

Grand Unified
Theory

[See Fig 17.3]

5x10" s
(= now)

3K




The solution: Inflation

(probably) inflation
(maybe)
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* Predicts a flat universe
* Solves horizon problem.

» Expands quantum
fluctuations to create
seeds of galaxies.

Red circle = horizon

Inflation

Inflation




