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Overview

* Previous papers discuss reionization from a
theoretical P.O.V.

* This paper focuses on observational constraints

— QSO spectroscopy Cosmic Stromgren
* Gunn-Peterson troughs spheres

— High-z galaxies
— CMB

e Sources of reionization
e Futurein 21cm observations



1. Introduction

* Three phases of IGM evolution

—2<1100 =

Probed with CMB

* PGM hot, fully ionized
—7=1100 - z=14

* Neutral
—7=14 - z=6

e Reionization
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Last evolution regime to be
characterized

—72=6—2=0 <
* lonized IGM

Probed with nearby QSOs



2. Basic Model of Reionization

* 3 phases of reionization
— (slow) isolated Stromgren spheres
— (fast) “overlap” or “percolation” phase
— (slow) etching away of dense filaments

» Caveats/open issues
— Minimum for fast phase?
— Recomb. time of IGM > Hubble time at z>8
— Inside out or outside in reionization?
— What if reion. from part. decay or X-rays?



3. Observations of Gunn-Peterson
Effect

Definition: absorption blueward of Ly-alpha in
nigh-z QSO spectra due to intervening neutral
nydrogen
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3. Observations of Gunn-Peterson
Effect

* How would we estimate optical depth for Ly-
alpha photons?

* What is the effect of
such a large prefactor?
e Whyisitso large?

Absorption cross-se

, T [ Qub? Y2 rub? (1+2\*"? (mm
w =490 (555) - (0) (57) ()

* How does transmitted flux depend on tau?



3. Observations of Gunn-Peterson
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3. Observations of Gunn-Peterson
Effect

e Strong evolution of transmitted flux blueward
of Lyman alpha for z>5

 How can we get stronger constraints on
neutral fraction?

— Tau >>1 problematic for strong constraints

— Other lines in the Lyman series



3. Observations of Gunn-Peterson
Effect

What is this
plot?
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3. Observations of Gunn-Peterson

Effect

Wavelength (A)
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What do we
see when
comparing
these two
objects?




3. Observations of Gunn-Peterson
Effect

* Constraints from dark gaps?
— Avg. length of dark gaps evolve at z>6




3. Observations of Gunn-Peterson
Effect

* Deriving neutral fractions and comparing to
cosmological simulation predictions

What does this knee
correspond to?




4. Cosmic Stromgren Spheres

 What are cosmic Stromgren spheres?

* How can we learn about the size of Stromgren
spheres from QSO spectra?



