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Was reionisation driven by the numerous faint
or the few bright galaxies?
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Was reionisation driven by the numerous faint
or the few bright galaxies?
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Astraeus framework: simulating the evolution of galaxies and the IGM

=

SEMI-ANALYTICAL GALAXY
EVOLUTION MODEL

metal & dust
% SN feedback

radiative

feedback
from

reionisation

escape of ionising
photons

based on DELPHI
Dayal+ 2014
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feedback from reionisation
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Is the visibility of Lyman-a emitters sensitive to ionisation topology?

fesc INCreases
with halo mass
MHINC

& — fescMHDEC
— fescCONST
= fescMHINC

| ( | —
fesc decreases logo(Myir/Mo)
with halo mass

MHINC




Is the visibility of Lyman-a emitters sensitive to ionisation topology?

A
fesc INCreases
with halo mass
MHINC
)
L, Lya luminosity function
A

fesc decreases
with halo mass
MHINC




Is the visibility of Lyman-a emitters sensitive to ionisation topology?

fesc INCreases
with halo mass
MHINC

L, o (17
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intrinsic Lyo ‘

production
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with halo mass
MHINC




Is the visibility of Lyman-a emitters sensitive to ionisation topology?

stronger IGM absorption
(smaller ionised regions)

fesc INCreases
with halo mass

MHINC
)
L, o (1-1,,) T, Lya luminosity function
intrinsic Lya Lya IGM ‘

production transmission

weaker IGM absorption
(larger ionised regions)

fesc decreases
with halo mass
MHINC




Is the visibility of Lyman-a emitters sensitive to ionisation topology?

fesc decreases
with halo mass
MHDEC

Astraeus simulations

fesc INCreases
with halo mass
MHINC

escape fraction of
ionising photons: fesc

log,o(Ly/erg s71) = 42 log,o(La/erg s71) = 42.3 logyo(La/erg s71)
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MHINC (xur) =0.23 §

Hutter+ 2022

As LAEs (L.> 102 ergls) are the most massive galaxies, their spatial
distribution depends mostly on the global ionisation state of the IGM.



Where are Lyman-a emitters located
In the IGM?

LAEs are located in
the most ionised
overdense regions

= L.> 10%2 ergls ‘
L.> 10%2° ergls
La>10% ergls no 21cm signal
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log;o(1+6)

Hutter+ 2022
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increasing Lya luminosity




21cm — LAE cross correlation function:
characteristics
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21cm — LAE cross correlation functions:
small-scale amplitude
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21cm — LAE cross correlation function:
small-scale amplitude traces ionisation
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topology!

(14 6)a1 MHDEC lonisation fields
{1+ &)mu MHDEC | follow the underlying
i s G MHING gas density field
<1 + 6>HH MH'NC

more closely

0.2 0.4 0.6 0.8
average IGM neutral fraction

increasing Lya luminosity



21cm — LAE cross correlations are sensitive to ionisation topology!

21cm-LAE cross
correlation
function

IGM becomes
more ionised

10 . 10
r [h™'Mpc] : r [h™*Mpc]

Analytical limit: §21,LAE(rNO)N —{ Xm) <1+5>HI



21cm — LAE cross correlations are sensitive to ionisation topology!

21cm-LAE cross
correlation
function

lem,LAE ( T )

&

IGM becomes
more ionised

size
distribution of
lonised regions
around LAEs

Cumulative
distribution
function of size of
: lonised regions

r [h™"Mpc] i r[h'Mpc] around LAEs

Analytical fitting function: &, 1 (r)~ (=) (14 8/ )| 1= ¢ur) CDF (r))]



21cm — LAE cross correlations are sensitive to ionisation topology!
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21cm-LAE cross
correlation
function

lem,LAE ( T )

&

IGM becomes
more ionised

size
distribution of
lonised regions
around LAEs

Cumulative
distribution
function of size of
: ionised regions

r [h™' Mpc] i v [h'Mpd around LAES

Analytical fitting function: &, 14z (r)~ (=) (14 8/ ) |1— ) CDF (r)]



Too small boxes underestimate 21cm — LAE cross correlation
amplitudes due to missing large-scale power

-~ 160 h* $
— 320h* |

Simulation volumes of more than ~(250 cMpc)? needed.




Conclusions

LAEs (L, > 102 erg/s) are the most massive galaxies.

> They are located in the most ionised overdense regions.

- Spatial distribution is mostly sensitive to the the global ionisation state of
the IGM.

21cm-LAE cross correlation function amplitude is sensitive to:
- jonisation histo

"y ng,LAE(r)N —(Xm1) <1+6>HI [1_<§HI>CDF(r)}
- jonisation topology

> IGM heating &t (r~0)~ =)

T
|- (44 )

s HI




Is the visibility of Lyman-a emitters sensitive to ionisation topology?

log,, ratio(r)

.‘.1.00 | ..”.101
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