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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.
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13.7 billion years
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CosmMic MicrROWAVE BACKGROUND SPECTRUM FROM COBE

THEORY AND OBSERVATION AGREE

Intensity, 10-% ergs / cm? sr sec cm-!
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The First Billion Years

A Schematic Outline of the Cosmic History
Time since the

Big Bang (years) <+-The Big Bang

The Universe filled
with ionized gas
~ 300 thousand 4+ The Universe hecomes
neutral and opaque

The Dark Ages start

Galaxies and Quasars

begin to form

~ 500 million The Reionization starts
| .

Dark ages

The Cosmic Renaissance
The Dark Ages end

~ 1 billion : : . <«-Reionization complete, 2~6
: the Universe becomes
transparent again

Galaxies evolve

~ 9 billi
iillon The Solar System forms

~ 13 billion Today: Astronomers

figure it all out!

5.G. Djorgovski et al. & Digital Media Center, Caltech




The Evolution of the IGM

QSO 2| cm discovery region CMB
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We know nothing concrete
about the thermal history
of the Universe
between z=1100 and z=6
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The History of Hydrogen
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The History of Hydrogen
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History of the Hydrogen Gas

Hvdmgen seen in absorption against the CMB




The History of Hydrogen
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i Hydrogen seen in absarption against the GMB & CMB photons and UV phatons from first stars interact with cold hydrogen
H atoms producing a deep absorption trough in the observed spectrum.

History of the Hydrogen Gas
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{ Hydrogen seen in absorption against the GMB
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, CMB photons and UV photons from first stars interact with cold hydrogen  § First accreting black holes begin heating
it atoms producing a deep absorption trough in the observed spectrum, 4 hydrogen via X-Rays

Hot Bubble dominated epoch, corresponding to
redshifted 21cm heated hydrogen in emission.
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History of the Hydrogen Gas

i Hydrogen seen in absorption against the GMB
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4 GMB photons and UV photons from first stars interact with cold hydrogen

The History of Hydrogen
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: atoms producing a deep absorption trough in the observed spectrum. , ydrogen via X-Rays redshifted 21cm heated hydragen in emission.
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& Intergalactic medium is completely ionized by stars




