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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(|+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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Observational constraints:
|: Lya optical depth
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2: Damping wings
Miralda-Escude ‘98

0.5

fractional transmission, T

rest—frame wavelength, A ., (um)

BCC [Institute for Computational Cosmelogy 7 Mortlock +1 |




3:Thomson optical depth

r = 007870012 z. =9.9"!% Planck TT+lowP; (17a)

T = 0.070°0%24 2. =9.0'23, Planck TT+lensing; (17b)

T = 0.066°001%, z. = 8.8°}1, Planck TT+lowP (17¢)
+lensing;

T = 0.067°001%, z,. = 8.9}, Planck TT+lensing (17d)
+BAO;

T = 0.066°0013, z. = 8.8°]3, Planck TT+lowP (17¢)

+lensing+BAO.
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4: Fraction of galaxies detectable in Lya emission

Stark+ 10, Caruana+|12, Tilvi+ 14

Age of the universe (Myr)

2 850 800 750 700
! \. Missing high W, galaxies? | 1.00 S T = Di '+1'4 s
1”" - 4 - as o m -
o i OR \ [ A N mmmw Bolton+ 13 ]
< t . ! i o~ w=== Dijkstra+14
& 100f d& g 4 i MR 0 z~6 Stark+11
5 ! ° g 1 S M z~7 Ono+12
3 2k e s N . () o = @0 (Wswork)
AR X " a .
s O T -4 N
O size=bigger is brighter in M(UY) i ’ & | N
6.4 66 68 7.0 72 74 78 = 0.10 - \\6‘ y
o I - ]
, a o
0z<68 ~ <
o : | 2% o° = N
o 0 ® z o} .
20} S0r 6\8 Q
. -T\ O -~ \o . o
I . SO . 0 Sied, "N NG | T T Y :
64 66 68 70 72 74 18 49 20 -2 2
Redshift M(UV) mag 0 50 100 150

BCC Institute for Computational Cosmelogy 9 Tilvi +14




Observationa

constraints: summary

Bouwens+15
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Theoretical description

Before reionisation:

Increase in volume of an HIl region
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After reionisation:
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Are galaxies the dominant source of ionising photons!?

Scientific Visualization

Ralf Kaehler (KIPAC/SLAC)
Tom Abel (SLAC/Stanford)

Key Observational
Constraints
@ Transmission of Lya Forest
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Escape fraction of ionising photons (LBGs at z=3)
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Absolute escape fractions

Table 1

Compilation of Observed UV to LC Flux Ratios ( f1s00/fo00)ess and Escape Fractions of LBGs at z ~ 3
Reference Sample (S1500/S900)obs (S1500/ S900)int* Jescrel Jesc
Steidel et al. (2001) 29 LBGs, Average 17.7 £ 3.8 3.0 0.31
Shapley et al. (2006) 2 LBGs, Direct 127+18,75+£ 1.0 3.0 0.43,0.72
Shapley et al. (2006) 14 LBGs, Average 58 +£25 3.0 0.094
This work 7 LBGs, Direct 6.6 (median) 3.0 0.46° 0.11¢
This work 7 LBGs, Direct 6.6 (median) 3.0 0.83¢ 0.20¢
This work 7 LBGs, Direct 6.6 (median) 1.07 0.16° 0.04¢
This work 7 LBGs, Direct 6.6 (median) 1.07 0.30¢ 0.07¢
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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!?
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The EAGLE project: Simulating the evolution and
assembly of galaxies and their environments

Joop Schaye,'* Robert A. Crain,! Richard G. Bower,? Michelle Furlong,?
Matthieu Schaller,? Tom Theuns,?? Claudio Dalla Vecchia,*® Carlos S. Frenk,?

I. G. McCarthy,® John C. Helly,2 Adrian Jenkins,? Y. M. Rosas-Guevara,?

Simon D. M. White,” Maarten Baes,® C. M. Booth,'? Peter Camps,®

Julio F. Navarro,'® Yan Qu,? Alireza Rahmati,” Till Sawala,? Peter A. Thomas,!!
James Trayford?
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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
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Predicted escape fractions from simulations:
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* Kimm & Cen (14): 10-20 %
* Paardekooper (+15): fesc = 1-3 %, decreases with M+
*Ma (+15):5 %, independent of M+, z
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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

Photons escape through channels
evacuated by winds
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Evolution of the escape fraction
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Evolution of the escape fraction
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Constraints after reionisation
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1CC

Contribution of galaxies to ionising emissivity
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