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Gunn & Peterson EffectGunn & Peterson Effect



  



  



  



  

HII volume filling factor

Filling Factor of reionized H

Recombination Rate

Mean comoving density of H atoms



  

HII volume filling factor
Rate of ionizing photons per unit comoving volume

Background intensity

[ s-1 ]

Absorbing cross-section for HI

nH  = LL (912 Ǻ) frequency
Nup = 4 x nH   

Photoionization rate

[ s-1 Mpc-3 ]

Comoving Volume Emissivity



  

Cosmological Radiative Transfer

Hubble function

Equation of cosmological radiative transfer: 

time evolution of the time- and space-averaged monochromatic intensity JJnn

Absorption coefficient
Proper Volume Emissivity

Solution (e.g. Peebles 1993):



  

Cosmological Radiative Transfer

Frequency Redshift 
of the observer

Frequency at emission

Line element



  

Cosmological Radiative Transfer

Effective absorption optical depth

Optical depth through an individual absorber at frequency
(pure H and He gas) 

Bivariate distribution of absorbers in redshift and column density



  

z=2

z=5



  

Cosmological Radiative Transfer



  



  

Sources of ionizing photons



  

Sources of ionizing photons

Galaxies & Stars

Active Galactix Nuclei & QSOs

Exotic objects

Miniquasars

Pop III stars

DM decay



  

Source Contribution

Comoving Volume Emissivity



  

Escape Fraction

Minimum Luminosity

Source Contribution

Luminosity Function

Spectral Shape



  

Active Galactic Nuclei (AGNs)



  

Active Galactic Nuclei (AGNs)

Small number of sources



  



  
Steep spectra  Large number of ionizing photons per source→



  

Lyman Break Galaxies (LBGs)



  

Bouwens+11Bouwens+11

Lyman Break Galaxies (LBGs)

Large number of sources



  
Shallow spectra  Small number of ionizing photons per source→



  

AGN Contribution
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f_esc = 1 – 0.75f_esc = 1 – 0.75High escape fraction



  

LBG Contribution f_esc=0.20f_esc=0.20

f_esc=0.05f_esc=0.05

f_esc=0.01f_esc=0.01
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Low escape fraction



  

Combined Contribution
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f_agn=0.75f_agn=0.75
L>0.1L*L>0.1L*

f_lbg ~ 0.05-0.07f_lbg ~ 0.05-0.07



  

Conclusions

AGN provide a relevant (but sub-dominant) contribution to 
reionization

Sources fainter than the current limits should provide a 
relevant contribution to reionization
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