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One of the main
science goals of the SKA
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Observe the redshifted 21cm signal 130 000 dipoles

from the neutral IGM during the EoR: ,

50 - 200 MHz Bandwidth 50-350 MHz

Sensitivity: 500 m?/K at 110 MHz
=> SKA-Low



The first billion years

Quasars: ’

More X-rays
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The 21 cm signal

Fondamental process:

Hyperfine transition

Level populations:
<~ Spin temperature

<> emission proba

Observed intensity: Nb of emitting intensity
atoms per atom

t—‘—HT—‘—\

6T, «28mK (1+5)xH1(




21 cm signal observables

Imaging: 0T, (X,2)

Integral signal: <5T3>sky (z) « <XH1>sky (=T, / Ts>sky
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Upper limits by SKA pathfinders/precursors

PAPER (S. Africa) MWA (Australia) LOFAR (NL)
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The EDGES « detection » (Bowman et al. 2018)

EDGES:

- single dipole experiment

- At future SKA site, Australia

- Lowband (50-100 MHz) antena
- Highband (90-200 MHz) antena
- >100 h integration

Validations tests:

- 6 hardwares configs (ground plane, orientation, etc.)

- 18 processing configs (time of obs, temp, beam,
calib solution, foreground, ...)

Caveat: Hills et al. (2018)

Some serious questions about foreground modeling
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The EDGES « detection »: implications

More than 50 papers triggered by EDGES results in 2 month! Even more now...

2
If no heating: Tx = 400 (g) ~ 6 K
« Standard model »
Atz=17: (6Tp) = 26 /1122 <— T;MB> ~ —220 mK
K

Early Ly-a production: Heating of the gas:

Madau
formation (tension with lower '

z LF) -> Constraints on primordial BH

populations

-> Constraint on WDM particle

mass Very sudden heating...

Very sudden!

Strength of absorption feature:

-> Colder gas, new physics ( DM-baryon interaction, new DE)

-> Stronger radio background (QSOs, new DM -> stronger radio CMB,
axions -> macro quark nuggets -> radio emission )



Modelling the signal

lonizing UV RT

XHi|

Gravitation +
hydro
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Lyman-Werner:
source formation




The 21SSD database

(Semelin et al. 2017)

State-of-the-art set of templates:

- 1024° radiative-hydro simulations in 300 Mpc box.
- 45 models covering part of the parameter space

(mainly CD)

- 0T}, lightcones, power spectra, PDFs, thermal noise

Access:

- Free access to the data at https://21ssd.obspm.fr

- Crashed, being rebuilt.. .barebone is running

Limitations:

- Modest FoV: 1.8°x1.8°

- Limited set of parameters... etc!
What for?

- End-to-end simulation

- Parameter constraint derivation (NN, MCMC, etc..)




21SSD: a resolution StUdy? (preliminary)

A GENCI « grand challenge » simulation:
-300 Mpc box.

- 20483 particles, ~ 109 Mg halos, ~ 3 kpcres.
- UV + hard X (XRB) + soft X (AGN) + Ly-band WF
- About 5 Mh CPU. 4096 Mpi domains, 16384 cores.

Effect of/on small halos (in a 3003 Mpc3 volume!)

Range: 410" 00™" o
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solution effects:

- w/wo small halos

- <Tp>ska VS Tp(<P>skar<Te>skar<Xpi>ska)




Cosmology
H, Q,, etc

X-ray sources
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Parameter reconstruction with neural networks

An alternative to Bayesian MCMC approach.

P(k1’z1)
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Doussot et al. (2018, in prep), larger learning sample.

Predicted results
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Neural network reconstruction
Shimabukoro & Semelin (2017)



ct on astrophysics

- Numerical simulations are the key to extracting
knowledge from upcoming observations.

- New “inversion” algorithms will have to be explored.



