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•Big Bang

•Recombination

•Dark Ages

•Formation of stars, galaxies 

and QSOs

•Reheating and reionization
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Simulation

32 Mpc/h box

17,000,000 gas particles

Momentum-driven wind 

Density - temperature

•Big Bang

•Recombination

•Dark Ages

•Formation of 

stars, galaxies and 

QSOs

•Reheating and 

reionization
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z=7.642 QSO

Wang+2021
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A unique and independent source of  

information between the CMB, at z~1000, and 

the large scale distribution of galaxies

IGM - absorption lines
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IGM - Absorption Lines - Goals

• What were the physical 

conditions of the primordial 

Universe?

• What fraction of the matter was 

in a diffuse medium and how 

early did it condense in clouds?

• Where are most of the baryons 

at the various redshifts?

• How early and in what amount 

have metals been produced?

• When and how, after the Dark 

Ages following recombination, 

did the Universe get reionized?

• What was the typical radiation 

field, how homogenous, and   

what was producing it?

• Which constraints on cosmology 

& types of DM (e.g. ν ) are 

derived from the IGM LSS?

• Does the SBBN correctly predict 

primordial element abundances 

and CMB T evolution?

• Do fundamental constants of 

physics (e.g. , μ) vary with 

time?
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Evaluation

• 1 question per person at the beginning of the 

lecture on the topics of the previous lecture

• (Final) discussion of 1 (or more) papers –

possibly recent - on a topic of the course with 

a short (~20 min) presentation.
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