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A Brief History of the Universe



Overview of the CMB: 

o
p

a
q
u

e

Prior to a red shift of ~1000, the universe 

was opaque to electromagnetic radiation. 

Thus, the CMB is the oldest light that we can

observe.





Temperature vs Time



~ 73 % 

~ 23 % 
~ 4 % 

ÅThe ñdark sectorò comprises ~ 

96% of our universe...



Matter and Energy Distribution Changes with Time



Distant Galaxies in THz



Extragalactic THz Spectroscopy



Planck will measure from 30 GHz (1 cm) to ~ 1 THz (0.3 mm).

Planck cover 10x more freq range than WMAP and we had on COBE

Planck is ~20x more sensitive than WMAP, ~ 200x COBE

Planck has 3x the angular resolution of WMAP  and  100x more that 

we had on COBE

30 44 70 143 217 353 545 857100



To a first order, the CMB follows a perfect black body, 

thermal radiation curve which peaks at about 200 GHz.

Anisotropies ïsmall-amplitude variations from thermal black body temperature 

come primarily from two sources: Acausal super horizon (quantum fluctuation) 

and causal sub horizon from gravitational collapse (influence).



EM spectrum from the Ground



 Atmospheric, Galactic and Extragalactic 
Emission  
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THz Sky from the Ground is Tough



Type Ia Supernovae 

observations

Suggest the expansion rate of 

the

Universe began accelerating

about 5 billion years ago.

This is bad news for our 

ultimate fate.

Life will be a passing fad and 

we will go into an eternal night



Expansion and Dark Matter and Energy



In 1992 data from the Cosmic Background Explorer satellite and from 

UCSBôs South Pole and balloon borne experiments detect evidence for 

spatial temperature fluctuations (anisotropy) in the CMB at a level of 10 -5

The COBE sky at 53 GHz



L+++= rrrrr radiationdarkmatterbaryon

~ 73 % 

~ 23 % 
~ 4 % 

Most of the universe is

in some form that we 

canôt see!



Friend vs Foe

ÅDark Matter Sucks but is your friend

ÅLife exists because of Dark Matter

ÅDark Energy Blows and is your enemy

ÅLife will be Extinguished because of Dark 

Energy

ÅBuy Life Insurance Now ïIt is a good 

investment

ÅUnfortunately no one will be around to collect 

from



t=0 ïñThe Big Bangò

Is there a ñbeforeò?

http://planck.cf.ac.uk/timeline/universe/bigbang



Quantum Space Time -> 

Inflation - Hyperexpansion?
10-35 sec  - 1060 Times Expansion



First Three Minutes ï

Baryogenesis and Nucelosynthsis



Nucleosythesis depends on Proton to 

Photon ratio ɐ
(you are alive because there are no stable mass 5 or 8 elements)

Vertical axis is mass ratio


