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Why study of cosmic reionization is booming

A

A Precision Cosmology achieved; will get better

A WMAP, Planck, A cosmological initial condition provided in huge
dynamic range
A Never been directly observed; Only indirect observations exist
A Frontier both in theory and observation
A Dark Ages: z =~ 1100 to ~30
¢ Structure is mostly linear
¢ Stars and guasars are very rare
A Epoch of Reionization: z =~ 30 to ~6
¢ Radiation sources emit hydrogeonizing radiation
¢ Global ionized fraction <x> increases in time, to reach ~1 at z~6
¢ Universe stays ionized afterwards




Evolution of Universe In a nutshell

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.
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1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years




Cosmic Dark Ages



Cosmic Dark Ages

Recombination epoch (z~1100) to start of reionization (Z3@0
No appreciable radiation sources

C

Almost no stars or quasars; Only a handful, if any

No direct observation made yet
May be probed directly by 21cm observation
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Scott, Rees (1990): Probing large scale structure (LSS) by redshifted 2

Madau, Meiksin, Rees (1997): IGM preheating by early QSOs and gala:
probing LSS by 21cm

Tozzi, Madau, Meiksin, Rees (2000 tyupling and 21cm fluctuation
Catrilli, Gnedin, Owen (2002): numerical, 21cm absorption by IGM
Furlanetto, Loeb (2002): 21cm forest (absorption) by minihalos, disks, I(

lliev, Shapiro, Ferrara, Martel (2002): seammerical, 21cm emission from
minihalos

Shapiro, Ahn, Alvarez, lliev, Martel, Ryu (2006): numerical, 21cm emiss
from both minihalos and IGM



21cm forest (absorption spectra of highradio source)

A Mechanism is identical to that for &yforest
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21cm forest by IGM{arilli, Gnedin, Owen 2002
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21cm forest Eurlanetto, Loeb
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F1G. 6.—Simulated transmission along a line of sight to a distant radio
source assuming absorption by intervening minihalos. All panels are gener-
ated using the same realization of the minithalo mass field and assume a
heated IGM. From top to bottom: J_»1 = 0, 1,and 10.



21cm emission from minihalos and IG8hé4piro, Ahn,
Alvarez, lliev, Ryu  Collisonall \DU"“P-"‘%
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21cm emission from minihalos and |G8hdpiro, Ahn,

Alvarez, lliev, Ryu A stonall \)U\W\?TV\% wL’b«




