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The first billion years of the universe
 What where the major stages
of reionisation?

 When did the first luminous
sources emerge?

 Do we need to invoke new
physics to explain EDGES?

EDGES observation (Bowman et al. 2018)



Big Bang
13.8 billion
years ago

Present time

Cosmic Dawn
z~ 25 - 12 ?

Epoch of
Reionization

z~ 12 - 6 ?

Neutral
Universe

Ionized
Universe

21-cm over cosmic time

21-cm
Neutral

hydrogen

The 21-cm line reveals the chronology and the topology of the reionization,
key to understanding the first stars, galaxies, and the reionization.

The first billion years of the universe

UV / IR

JWST: Only the brightest galaxies (<10% at z~10)



Instrumental effects,
ionosphere, RFI...

Foregrounds emission
3-4 orders of magnitude

brighter

The 21-cm signal is dominated by astrophysical foregrounds and altered by
instrumental and ionospheric effects, an unprecedented observational challenge.

Synchrotron
free-free
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The Reionizationwith LOFAR
Redshift range: z~6–12Observation started in 2012+3000hrs observed

The Cosmic Dawnwith NenuFAR
Redshift range: z~15–25Observation started in 2019+2000hrs observed
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Where do we stand ?
No detection (yet) but a lot of progress

21-cm models

Exotic 21-cm models
(EDGES)



Major challenges: foregrounds sources & RFI
Foregrounds emission 21-cm signal

Extra-galactic sources Galactic emission

Processing
pipeline

Observation

103 - 105 fainter than FG



Foreground mitigation: subtracting point-sources

Confusion limited
foregrounds + low level

residuals

➔Need accurate sky-model
➔Solve for instruments gains in
direction of (cluster of) sources

LOFAR | NCP | 140 hours | 134-146 MHz
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Mertens et al. 2020
Mevius et al. 2022


