
Brief History of Time





Today (“Recent”…) Z ~ 0



Distant Past: Hubble Deep Field Z ~ few



Dark Ages…
Z > 20±10 



After Recombination Z < 1100 



Before Recombination Z > 1100 
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Thermal History
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Spectrum of the CMB

COBE 1992
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I=energy flux per unit area, solid angle, and frequency interval

Plank black-body
spectrum



BBNS (Big-Bang Nucleosynthesis)
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Neutron decay (vs. capture)



Big Bang Nucleosynthesis

Wb=0.04±0.01

Wbh2=0.02
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only 12.5% n left after decaying to
p Æ 75% H + 25% He (in mass)

At T~109K deuterium becomes
stable and nucleosynthesis
starts:

A minute later p becomes too cold to
penetrate the Coulomb barrier by p in
d and process stops.      Rate µ np

2 Æ
abundances of d and 3He decrease with
Wb
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Higher Temperatures:

• Depends on “Standard Model”
• Phase Transitions
• Inflation?





Unification of Forces at High T

Weak

Strong

E&M

Gravity

Electroweak 
GUT

Strings??
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e.g., strength of E&M interaction:



Phase Transitions
• When a symmetry is broken

T>Tc T<Tc

At finite T:
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