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This is the only part We see. 5
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« protdhs, neutrons, electrons.
' , .« artanged into atoms.;
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The History of the Universe

Quark Soup
Primordial
Nucleosynthesis
Background

Cosmic Microwave

()
@
&
o
=
-
-]
=
S
o
N
[90]
Vv

_ First Galaxies

1 Second 400,000 Years 1 Billion Years 13.7 Billion Years
Time =2
Planck Formation Galaxy Now
time of H, He, Li Formation
Inflation Decoupling of
CMB
Hot — Cool
(10%2 K) (109 K) (3000 K) (3K)
High density » Low density

Where did Hydrogen and Helium come from?
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Freezing out the forces.
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Where did these
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Seeds of future
galaxies and
galaxy clusters




The Horizon

Current CMB We will only
emitted from see this part
spr_lere 13.7 of universe
billion LY ~. sometime in
in radius. future.
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The Horizon Problem: Causality
» Points A and B have never communicated.

» How do they know how to have almost exactly the
same conditions?

ppened back at the Big Bang?

Density 1 ns after BB

average distance batween galaxies
(based on radshift)
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The Flatness Problem:
» 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).




[See Fig 17.3]
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