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a fractal distribution
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7 =4.42 7 =4.92 Z =5
QSO

Observor

<

|__emitt =1100A |__emitt =1200A
=1216A= ;
|__abs —1216A |__abs 16A=1200(1+4.92)
\J

No absorption

With absorption




M numpber density (simulation by b. Glarai)
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Becker et.al 2002 It
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The formation of a galaxy

expansion collapse shock heating cooling without
\ to T vir angular momentum
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Atomic Cooling

Res: Sutherland & Donpota. 2963 A

This also is good only for 7° > 10* K. For 7" 5 107 K cool-
ing is dominated by collisional excitations of hydrogen and
helium. At 7' > 10°% K it is dominated by bremsstrahlung
(free-free) radiation.

Log(cooling)

H
22 | He
23 L
Free-free
Aoyl
| | |
4 6 8

Log(T)
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H2 fraction

Yushida. Abel, Hernguist, Sugivaia, 20008,

simulation at z=17

1072 j
critical line 3
103} 1 it
| efficient cooling =
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1074| inefficient cooling it L
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UV ionization fronts around individual sources

Ly = 0.3(1 — z)(1 — 2)7% Mpec

Yoshida et. al.
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Hi number density (Ciardi, Ferrara & White 03)



The Epoch or Reionization: results from detailed modeling

el Benzon, Sugivoong, Nusser dc Lacev D30 Chandl, Ferrara & Waite 00

Why 5 5N feodback important™ Omnly 100 5N explosions
can blow away al the ges in oa 10°0. halo with 70, —
107 k!

RSI “With H2

cooling






contribution
of halos
T<10000K
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(a)
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Lognormal
Analylic

o Gaussian
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Comparison with Lya forest

o The 21 cm forest can also be produced in the spectrum
of a distant bright object. But the 21 cm “forest™ can
be seen in emission!

Why? hu,/kT ~ 10, while hy, kT < 1.

2 =10 Z=8 z =6 Observor
4 —
|__emitt =17 cm L_emitt =13 cm ;L
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A
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#of triplet

#of singlet

TR = Tspin

TR >-I-spin
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Atomic notation: f° L i)
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FiG. 2.—Projected (mass-weighted) spin temperature (top panels, loganthmic scale) and 21 cm differential brighiness temperature (botfom panels, composite
linear scale) in a 0.5 Mpc simulation box for runs “NoBH™ (lgff) and “PL" (right) at z = 17.5. The location of the miniquasar is indicated by crosses in the right
panels.

KUHLEN, MADAU, & MONTGOMERY , 2006



Final remarks

e the prospects for detecting cosmological 21 cimn are good.,
The LOFAR experiment (25000 antennas covering an

area of 350km in diameter) might detect 21 ¢m from
Z\ 2L N

1 SIRLIATR e g Low Band A - 30-80 MHz.
High Band Antenna - 120-240 MHz. PRl eI R B3P 1

But, No One awes Hwcanity Anythine:  foreeround

contamination could make it npossible Lo detect reion-
Lallon i 21 e,

® where are the lonizing galaxies?



