Reionization Era:
The First Stars
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What is the Reionization Era?
A Schematic Outline of the Cosmic History
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«<+The Big Bang

The Universe filled
with ionized gas

“+The Universe bacomes
neutral and opaque

The Dark Ages start

Galaxies and Quasars
begin to form
The Reionization starts

The Cosmic Renaissance
The Dark Ages end

<-Reionization complete,
the Universe becomes
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Galaxies evolve

The Solar System forms

Today: Astronomers
figure it all out!



The First Stars

Gas 1nfall into the potential wells of the dark matter fluctuations
leads to increased density, formation of H,, molecular line cooling,
further condensation and cloud fragmentation, leading to the
formation of the first stars

Bromm et al. Abel et al.




Primordial Star Formation: a Top-Heavy IMF?

Expected 1n all modern models of Pop

star formation,

characteristic M ~ 10% - 10* M, (due to a less efficient
cooling of protostellar clouds)

z=18.2

Abel et al.
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Population III Stars: Hot and Luminous

They can easily reionize the universe by z ~ 6
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Population 111 Supernovae

e Early enrichment of
the protogalactic gas

e Transition to the
“normal” Pop II star
formation and IMF
when the metallicity

reaches a critical value
Z ~ 10_3'5 Z@

crit

Simulated Pop III SN
shell after ~ 10° yr

Distrib. of metals (red)

(from Bromm et al. 2003)



Fate of

Pop. 111
Stars
(Heger,
Woosley,
et al.)

GRB!

>
© puy
95!
95!
S ~
7
, = :
- s.ejs anissewsadns D m
. ) .
|, o H .18 m
%, ¥ p 25
o,
e = =
£ =
0 p) uoneuLo} 8|0y Yoe|q }oalip = m
I
e
uo1 8 pusipojoyd wnipy = m
Aupoeisut sied
fungeisul sred reuonesind o
uoILLLIG) B0y YoR|q 1DauIP 2T L
= )
x &
..... — I I 2
b £
joeq|re) 8
-8 8
&
W 5 :
&, s 5 =
7% 5 S
= €
? Lo
c -~
\ - 2
P a z
- o
% 2 <\ 3
— _Hv m »W — o
© a 2
@ o £
=
= U
o
pud
o -
N
o - o - o o &
o o o o -
o o -—

(oruolueq ‘sessew Jejos) Ssew Jueulal ‘ssew [euy



GRB 050904 at z = 6.295

A preview of the more | visible
distant, Pop. II flashes "
to come!

(Kawai et al. 2006, Haislip et al.
20006, Tagliaferri et al. 2006, etc.)
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Number of Gamma-Ray Bursts

GRB 090423 at z ~ 8.2 (?)

The current record holder —
no details available yet

Age of the Universe (billions of years)
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Population III Stars

 They may have formed in large

numbers as early as z ~ 20 - 30, L Pop. III
D Traditional p-
and (partly?) reionized the

Pop. I and 11 massive stars
universe, as WMAP data indicate

1,00 [T T A
* However, their feedback may 5 A /
have extinguished the star '_ / U Moleculor H
formation in their hosts, possibly _

leading to a (partial?)
recombination
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e Then the formation of Pop. II
stars may have reionized the | Atomic H
universe again, ending the
process at z ~ 6, as QSO data Om? \\

indicate o 5 10 15 20 25 30

(Bromm & Loeb)
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Reionization Era:
The first Pop.III stars
Feedback (SNe, GRBs)

Pop II stars forming

The second wave of
reionization?

Reionization complete

Galaxy Evolution
Begins...




Density

Simulations of the
Cosmic Reionization

(from P. Madau et al.)
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Reionization Era:
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