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Modern Universe



14 Billion Years Ago



Three Key 
Breakthroughs



Three New 
mysteries



1. More dark matter 
than normal matter
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2. Expansion Rate is Accelerating
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3. “inflation” preceded 
the big bang

~2001

inflation prediction



and 
beyond 

...



Before the beginning

Inflation



Inflation
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Inflation



The Big Bang
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(17 minutes)
~0 K > 1010 K

(3 minutes)(very fast)
109 K, and falling....
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Nucleosynthesis

density of ordinary matter



NEXT:
400,000 years

of slowly cooling 
plasma

and then ...



time

Transparency!
aka Last Scattering



(this is how we see 
clouds, too)



The Cosmic Microwave 
Background Radiation

or CMB for short

Lecture 4



The Dark Ages

Very little light For 100s of millions of years



Structure
The Rise (and Infall) of Dark Matter
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I use these observations 
to test theories of gravity

modified gravity Einstein’s GR



The Dark Energy 
CRISIS
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We don’t understand 
acceleration



Lecture 6

QUINTESSENCE

massive
gravity

Braneworld

Multiverse



Braneworld
Speculations in Cosmology I
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Massive Gravity
Speculations in Cosmology II

Lecture 8

W. Pauli M. Fierz



The eternal silence of these 
infinite spaces terrifies me*

*Blaise Pascal Final Lecture (#9)

THE FUTURE OF THE UNIVERSE



Heat Death Big Crunch

Cyclic Rebirth Big Rip

?



About those neutrinos


