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What cosmology does the data prefer?
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The data want first a period of deceleration then a period of acceleration!



Preferred acceleration history:
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Lifetime of Universe is (for this cosmology)
14 Billion Years



The expansion of the universe is summarized by: a(t)=fraction of universe-size today
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The data want first a period of deceleration, then a period of acceleration

8 Gy after big bang or 6 Gy ago!
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The hot walls in equilibrium with the radiation in an oven




The light from the sun which is in equlibrium with the free electrons and protons of the sun




Real Life — Black Body Theoretical Physicists Black Body
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Derek Teaney
Oops, I messed up here
plugging the numbers into the calculator, replace 2.7
with 3.8
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l = Intensity per Af

Black Body Radiation

6000° K

Visible




The black black body spectrum records how much light is carried by a given frequency

Black Body Radiation at 6000° K

TN

Intensity per Af

0-20% 20-40% | 40-60% | 60-80% 80-100%

0 1 2 3 4 5
h f(eV)

Each of these frequency ranges have equal area under the curve and carry 20% of the energy



Black Body Radiation

o Visible
6000~ K

Intensity per Af

h f(eV)

1. The height increases rapidly with with temperature (as 1 3).

2. The typical frequency (the base) increases linearly 7'
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The free electron fraction in high temperature plasma:
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Deviation from BB
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Penzias and Wilson discover the Black Body Radiation in Crawford Hill, NJ. 1965

These bell Labs astronomers found a mysterious microwave signal

Princeton astronomers Dicke, Peebles, and Wilkenson describe the origin of the signal
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The red shift (scale factor) at recombination:

1/a,=(1+z)

;i /50 1000 1250 1500 1750
+ 1 T I T I T I T I |
é’ 0.9 + -
= 08" :
=077 .
S 0.6 s
B 05 -
S 04+ |
§ 0.3 ¢ -
g 0.2 + -
S 04 :
D O | | . | .
qq:) 2000 3000 4000 5000
Temperature (°K)
1. 3400 °K
— =1+4+2)= == ~ 1250

a, T, 2.72°K



Given a(t) can estimate the time (after the big bang) of recombination
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We are looking for a(t) ~ 1/1250. This graph wont work



Given a(t) (on a log scale) can estimate the time after the big bang of recombination

real universe
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-------------

0.001 b/
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10°10% 102 102 107" 10° 10" 10
time (Gy)

For a, >~ 1/1250, the time is t,, >~ 4 X 10~* Gy ~ 400, 000 years
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