


INFLATION

RECOMBINATION

REIONIZATION



SIAQTA] 2] UONEZITUOIoYH
SUQLIE[NILTS

AzoaqT,

180I0] VAT YL,
UOTIBZIUOIYY JOJ SOUIPIAH
SAURpUng T TRIDOWILL]
o8y

9OURISI(] AJISOUTIIN]
uoneNuIIoq

SPOIPIA

SIojoTIRIRJ [ReIIS[OWS0))

uIf g



SYIYSpaY Axeren)
PUNOISHOIRY SARMOINA OISO )

NS HIYSPoY. YstH
SIUNO) IOqUINN AXeres)

SPOYIPIN

670 =%

I1=14

L0=14

= "g=1

E0="0

SIojourereJ [eoIs[OUISO))



I+ =) .

L...__..._.."_.W‘ L_r. ._uuh . ....m.._.._u.ﬂuu.m..._......r..ﬁ. SRS & S _J_..J.__ ™y
2 - i ==
_H _ﬁ_ﬂ. .._u_..._.}r ﬁe_H— . [
mn_. _u.nq +- _m...._.n__m.H.m?.._m. iF+ b _V
iz D=1 7 ?_ ¥
(L - =2
_wn.,.ﬁ.n_._w .+ __“.__.u.d_ h._._”cnu.m__f.ﬁ &+ :__M-;AA - gy %
ApOu— /> H T
0
H
e =P
iz + 1)

AQ U2ATE S1 Tp asuelIsip Allsou
-iin] 2y simawrered asay Fuisn Ag uapuadapur Ajjenioe
21® sIdlaweled [RUOISUAWIPUOU 1IN0 3] J0 0M] A[UO “210j219Y |

(1) S e :;|=Wu§
8]

ISUONIPUOD ay) 0 palgns aie sazjoweted
asa11 4p = z) yoodo jussaid ay) seqruBsap yoigym () 1diiosgns
a2yl QUAA (.61 Biagquiagy “80) suonenba uiajsury ayl yanoiyl
as1aAlUN 2} Jo uoisurdxd uw yum payui| aie (4 .p)/. 3y = ¥
pue (LHE),2V =Y ‘(,HE)dpug =75 se yons siajowered
[EJ(S0O[OWSOD [eUOISUIIpUOU a] 'y amjeand aords ay
pUE “y JUBISUOD [Ba30[owsod 211 ‘d AJIsuap sSeul URAUL 2] Ag
pajjouod ate (,gv)/r— = b 1ajowered voneispiap ) pue
n/p = 4 a1e1 uosuedxs ay) I0 2s5IaATUN 24) JO (J)r 1010®] 3[eIS
JO DATIEALISP SWI 24) “9SI2ATUN UUBWIPILL]-aIjfewa] ay) U

sazlawpan g jpnfojowsoe) 12T



(91) (21 — (2)1 = (21

Aq uaaI3d
st 4z 1@ pawIoj sem YdIym z JJiyspals jo Axe[ed e jo age ay) pue
,ma.ow.rozl.a\oc\/ of Oy
(S1) - — = (2)i
P Z+ 1)1 l

AQ UQAIZ SI Z JJIYSPal J€ 3SIdAIUN 24} JO 38R Y |
. NAN L3 :\ow 4 B = AN T :oc\/mAN T+ :c: I. zp
PoLy AP
2+ _
p
se A[aAnoadsa passaidxa a1e zp/ A p Judwa[d dwn|oA FUIAOWOD
[EHUISYIP 2y} pue ¥p 2ouejsip tendue ay) “’p jo swid) uj

(#1)

(€1) 'p



AGE

Age [Gyr]

10

15

h=0.7, Q_=0.3, A=0.7

redshift




Age [Gyr]

10

old

redshift




LUMINOSITY DISTANCE

30

m of M=—14.5
20

15

10

h=0.7, Q_=0.3, A=0.7

01 .1 1
redshift




ANGULAR DIAMETER
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NUCLEOSYNTHESIS

T > 1.5 x 10'?°K #w-mesons, strong reactions dominate
T =10"1°K ~, v, et in thermal equilibrium

n, p present in trace quantities, n, ~ n,

P+p=et +n
v+nv—e +p
y~—e' +e”

in thermal equilibrium

Tip/Nyp drops as T drops
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The detalls of the abundances that are produced depend upon
the nucleion / photon ratio - the present day baryon density
and the temperature of the cosmic backgroud.

The He abundance depends upon the expansion rate and
the weak interaction rate (n decay) and is insensitive to
the nucleion / photon ratio because He forms rapidly.

The deuterium and lithium abundances depend upon the
competition between the reaction rates and expansion rate.
These are sensitive to the nucleion / photon ratio.

He 1/4

Composition of the intergalactic gas H 3/4
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Observational Evidence of
Reionization
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Norris, Hartwick, Peterson ApJ, 273, 450

N V
<13.5

O VI
13.8

H I
14.9









QSOs at z=2.4 HE1122- 1648 and HE221/- 2818

Systems with log N(H 1) > 14.0 are highly ionized
Temperatures from line widths to low for collisional ionization
Need hard photoionizing flux from QSOs, not hot stars









7=6.43 Fan astro ph/0301135

/=6.23

Z=6.05



lon eV
Hl 136 Smette et a astro ph/0204204

HE 2347 4342
Hell 54.4

OVI 138

H I

Hell



H | 1onization starts at z=6
clouds enriched by heavy elements
Hell ionization starts az=3



Sources of ionizing photons
QSOs
Population |11 stars

Sources of heavy elements in the IGM
Super novae, galactic winds
galaxy collisions

Observations
QSO Absorption lines
environmental effects on dwarf galaxies



High Redshift Galaxies and the Lyman alphaforest in aCDM Universe

Photoionizing background radiation
gpatially uniform (QSOs)
galactic winds, star formation






Cosmological Reionization by Stellar Sources

3D radiative transfer
lonizing sources are stars grouped in galaxies
Parameters.

efficiency of star formation

lonizing radiation per star

3 5% of al baryonsin stars by z=4
10 20% of all starsform by z=4









MOVIES

A Gas density and surface of the ionization front
C neutral hydrogen (opague), and isosurfaces of gas
density colored by T



