Saha equilibrium in early Universe. The universe became transparent to photons when
hydrogen recombined. Supposedly this happened at 3000 K. Test this using the Saha

equation. Use a pure hydrogen universe.

The fraction of ionization is governed by

N = Njon + NO total H density = ionized + neutral
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substituting into the first equation gives a quadratic in n.ion
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taking the positive root gives:
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and finally, the fractional ionization is
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We know that the present T of the microwave background is 2.7 K.

To = 2.7-K

% _ionized(n,T) := 00

From Big Bang nucleosynthesis calculations, and the oserved light element abundances,
the density is about 3.6% of the critical density. The critical density follows from
consideration of the present velocities in the Hubble flow. i.e. set the velocity equal to the

escape velocity from the radius R:

solve for the critical density
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The quantity v/R is called the Hubble constant. The current value is

70-km-sec” *
Hp = —
10"-pc
So the critical density is
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The actual baryon density is pg = 3.6:%p¢ 0
0
Corresponding to a H number density of ng = —
mH

As the universe expands, the density scales as 1/R"3 and the temperature scales as 1/R,
so the densities in the past were
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So at 3000 K, the ionization dropped below 1%, and the universe became transparent

The H number density at that time was

n(3000-K) = 272.4cm™

Which is quite high, considering the gas density near the sun is about 1 cm”-3!




The 'visibility' in the early universe will be
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At 3000 K, the visibility reaches 1 Mpc, or 3 M light years. This is greater than photons
could travel since the birth of the Universe

H(T) = T—-Ho Hubble constant for an empty universe

i =14x 1010yr age of the universe

Ho
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-  =13x10 yr age of universe at recombination
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k-(lO -K) = 8.6 x 104eV era of nucleosynthesis?
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