21cm Cosmology and the first stars

— yes! you need to know the baryonic physics
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source model + photon propagation -> 21-cm signals
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Challenges
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(relatively) easy and accurate hard and always crave for higher resolutions



Challenges
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Short Cuts source model: semi-analytic + dark matter backbone
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Short Cuts photon model: semi-numerical + excursion set
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Dark-ages Reionization And Galaxy Observables from Numerical Simulations
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Modelling high-redshift dwarf galaxies

Dwart galaxies are the main contributor to
reionization
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Modelling high-redshift dwarf galaxies

Calibration using hydrodynamic simulations

more efficient cooling
modulating the star formation rate
lower mass threshold for low-mass galaxies

N-body simulations of dark matter only are not accurate
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Le g, he Udd, daid e ggly ¢ ';/ qarK matier scenarics

in 21-cm simulations
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The ugly: greedy

— need to resolve ~1e8Msol halos in ~100Mpc
— need to propagate multi-frequency photons

The bad: always sub-grid, but still expensive, no way to MCMC the parameters

— source model can be simplified using DM-only + SAM,
but needs good understanding about the marginalised physics.

— photon propagation can be approximated using excursion set algorithm,
but there are photon non-conservation issues.

The good: informative

— can probe dark matter
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An lllumination of the Dark Ages

dn _
AH1 < H}‘:r-llﬁc‘v' = J.de (E&R)ﬁutyf*ﬂh lNr-ﬁzsc

M [ £
Je = frq0 X (m)

M l'.f‘:'_l_._
Jese =Jese a0 X | e

fdut}f = CXp (_Mcrith)

B Tovg +x, 771+ x. T (e @ tes Ly, Niyps 0t

5

T-! =
1 + x,(J,) + x (T, Tomss Paps X

17

|ﬂg m{Mﬂ"M g}

|ﬂgm|:H -Mg]

log1o(MieMa)
10 11

12 13

10 11
log1o(M.i/Mgz)

Mutch+15



An lllumination of the Dark Ages
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