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Quick reminder of what came before:

• Robertson: QII(z), nebular emission lines at high z
• Ellis: Planck v WMAP, physics from JWST spectra
• Zackrisson: use nebular lines to get fesc

• Windhorst: f_esc = tanh(log(1+z))
• Bunker: reionization by faint galaxies

My take-away message:

• escape fraction high in observed HST galaxies
• these dominate the emissivity
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IGM neutral
IGM highly ionised 
(with neutral DLAs)

z > 12 z<5epoch of reionisation
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Observational constraints:

1: Lya optical depth

Fan+03

Fan+01, 06



Tom Theuns7

2: Damping wings

neutral gas?

Mortlock +11

Miralda-Escude ‘98 
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3: Thomson optical depth

Planck XV
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4: Fraction of galaxies detectable in Lya emission

Tilvi +14

Stark+10, Caruana+12, Tilvi+14
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Observational constraints: summary Bouwens+15
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Theoretical description

Increase in volume of an HII region

R

dR

Before reionisation:

Evolution of volume-filling 
factor

source
s

sinks



Tom Theuns12

After reionisation:

Haardt & Madau12
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Are galaxies the dominant source of ionising photons?
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high

low!

high escape fraction

low escape fraction
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Escape fraction of ionising photons (LBGs at z=3)

Shapley+06

relative escape fraction of order 10 %
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Absolute escape fractions
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assumed escape 
fraction100%

galaxies
assumed escape 
fraction 1%

QSOs
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Theoretical challenge: 
• can we find a local property of galaxies that yields high escape fraction of 

UV-photons at high-z, and a low escape fraction at low z
• does this yield realistic reionisation redshift as well as a realistic 

amplitude of the UV-background after reionisation?

Constraints on reionisation Constraints after reionisation
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•15043 Gadget 3 simulation
•(100 Mpc)3 volume
•baryonic mass 106 Msun

•Calibrated to stellar MF
•Local physics
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Theoretical challenge: 
• can we find a local property of galaxies that yields high escape fraction of UV-

photons at high-z, and a low escape fraction at low z
• does this yield realistic reionisation redshift, and amplitude of the UV-

background?

Assumption: escape fraction depends on star 
formation surface density

Wise +
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Heckman+01, 11
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Flash

Kennicutt

KS

Kennicutt * 10
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Predicted escape fractions from simulations:

• Kimm & Cen (14): 10-20 %
• Paardekooper (+15): fesc = 1-3 %, decreases with M*

• Ma (+15): 5 %, independent of M*, z

Kimm & Cen 14



Tom Theuns25 Borthakur+14

20 % escape fraction at z=0!
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Theoretical challenge: 
• can we find a local property of galaxies that yields high escape fraction of UV-

photons at high-z, and a low escape fraction at low z
• does this yield realistic reionisation redshift, and amplitude of the UV-

background?

Assumption: escape fraction depends on star 
formation surface density

Wise +

Photons escape through channels 
evacuated by winds
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Star formation surface density
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Evolution of the escape fraction

weighted by L1500
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Evolution of the escape fraction

weighted by L1500
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Constraints on reionisation

Eagle
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Constraints after reionisation

Eagle

Sharma+15
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UV-luminosity

data from Bouwens+, Shapley+

Sharma+15

Io
ni

si
ng

 e
m

is
si

vi
ty

Contribution of galaxies to ionising emissivity
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UV-luminosity
Sharma+15
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Tom Theuns37

Summary:

Eagle: reionisation due to 
“bright” galaxies with high 
SFR density

transition of 
mostly neutral to 
mostly ionised
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