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Slide-by-Slide Outline 
(this slide does not count towards the 5 ;) )

1. HeII reionization WAS ending at z=3

2. New constraints on patchiness and duration of 
reionization from kinetic SZ (2 slides!)

3. What does the hydrogen Lyα forest tell us?

4. Constraints on harder sources than stars
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Helium reionization was ending at z=3!

Shull et al (2010); HeII Lya forest for HE 2347;
interpretation McQuinn ’09 Plot from Becker et al (2010).  
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The Kinetic 
SZ Effect

Lueker et al. (2010)

Old prediction: 
Komatsu and 

Seljak (σ8 = 0.9)

σ8 = .78 
+feedback
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Reichardt et al ’12

tSZ

patchy?
OV

(reason for this degeneracy I find not intuitive)
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See Mesinger, McQuinn & Spergel ’12 for 
more details (also see Zahn et al ’12)

Arrows show SPT bounds 
subtracting 2 μK2 OV

(which is very conservative)

Kinetic SZ Measurements limit 
duration/patchiness
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HI Lyα forest gives lower bound on zrei 
& constrains ionizing production rate

Fan et al. ’06

Does quick evolution necessarily 
mean percolation of HII regions? 
                               Not necessarily

ε is escaping emissivity, λ is m.f.p., γ is p.l. index of density 
PDF,  and β is p.l. index of the column density distribution

3.5-4.5
in sims

Evolution in t << H-1  !!!

See also Miralda-escude ’03, Bolton & Haehnelt ’07

McQuinn, Oh, Faucher-giguere ’11

Lya forest
measures 
this since
xHI=αne/Γ
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HI Reionization by AGN/X-rays?

Willott ’10;  Canada France 
high-z quasar survey has 
recently strongly limited 
parameter space of AGN

in prep; see also Dijkstra et al 2004

Luminosity Function : Diffuse Soft X-ray background:

Find quasars can contribute < 10%

(Does it have to be 100% dwarf galaxies?)
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Thank you!
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