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Observational constraints:
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2: Damping wings

fractional transmission, T

rest—frame wavelength, A ., (um)
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Observationa

constraints: summary
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Theoretical description

Before reionisation:

Increase in volume of an HIl region
47

3

dt
(

N, dt = 4rR?ny dR + an?,

dny .
W> = —a(nj)

&
i
5%

oW

1CC

Institute for Computational Cosmelogy 8 Tom Theuns




After reionisation:

(8 .

NHI R fn%l x (1+ 2)°
1 60

Teff X NMHI X f

RZ Ny (Ag}fi)

BCC Institute for Computational Cosmelogy

9

redshlf t

Haardt & Madaul?2

Tom Theuns



—X =0 _ X8
dt Ny Ny h|gh
p 1 || l 1 | I i 'Al ) l |} 1 ) -
O =
= f Planck -
I i high escape fraction -
= = -
- W -
e _I | :
= E Key Observational &
T i Constraints i
9 - -
& =l /
o - ® Transmission of Lya Forest -
I ~ (A?nlfi) E f ® LBG Lya Emission Fraction 5

0 Damping Wing Quasars
low! ﬁ m Lya Dark Gaps

low escape fraction
v 8 10

.CC ! Redshift

—
—
p—
o
—
—
and
e
—
—
poe
—
—

N



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 ( fis00/fo00)ess and Escape Fractions of LBGs at z ~ 3
Reference Sample (S1500/ S900)obs (f1500/ fo00)in* Sesc.rel Jesc
Steidel et al. (2001) 29 LBGs, Average 177 £ 3.8 3.0 0.31
Shapley et al. (2006) 2 LBGs, Direct 127+18,75%10 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 0.834 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 0.304 0.07¢

BCC [nstitute for Computational Cosmology 12 lwata+09
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ML + 68% Credibility Interval
B Robertson et al. 2013
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Constant escape fraction:
faint (unobserved) galaxies dominate reionisation
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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!?

BCC Institute for Computational Cosmelogy 18 Tom Theuns



The EAGLE project: Simulating the evolution and
assembly of galaxies and their environments
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The subgrid physics in Eagle
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The Hubble Sequence
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Specific star formation rate as function of galaxy stellar mass
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Galaxy stellar mass function: evolution
Furlong +14a (Durham)
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Galaxy stellar mass function: evolution
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Specific star formation rate: evolution
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Calibration: enough, but not too much
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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

1CC Institute for Computational Cosmelogy 3!
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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

BCC Institute for Computational Cosmology 34
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Evolution of star formation rate density:
Eagle compared to observations
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fraction

Evolution of PDF of star formation in Eagle
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Strong evolution in Eagle (and real Universe)
due to increase in pressure of star forming gas
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Galaxies evolve along the Kennicutt-Schmidt relation
towards star bursts
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log star tormation rate / halo mass
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Build-up of emissivity
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Swift: SPH on current/future architectures

Gonnet, Schaller, Theuns,Chalk

SWIFT: Task-based parallelism, hybrid
shared/distributed-memory
parallelism, and SPH simulations



Task-based parallelism dramatically improves load balance and overlaps
communication and computation
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