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Why 21-cm Cosmology?



Sky-averaged 21-cm Cosmology

21-cm power spectrum
LOFAR MWA HERA SKA

Large field of view
Continuous z probes       evolution

Redshift coverage 6 < z ≲ 30
Low cost - € 21-cm sky-averaged

EDGES SARAS LEDA REACH

Medium field of view
21-cm spatial variations at spot z

Redshift coverage 6 < z ≲ 30
Medium-High cost - €€€[€]



State of the Art in Observations

Bowman et al. 2018



CDM gas cooling 
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State of the Art in Observations



CDM gas cooling 

Below this line:
- Extra radio background
and/or
- Excess HI gas cooling
and/or
- Systematic distortionEDGES ‘18

Concerns on EDGES
Ø Hills et al 2018
Ø Sims et al 2018
Ø Singh et al 2019
Ø Bevins et al 2020
Ø Singh et al 2021
Ø Bevins et al 2022
Ø …
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CDM gas cooling 
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EDGES ‘18

SARAS3 redshift coverageHERA spot-z measurements

2σ constraints
--- HERA ’21 
--- SARAS ‘22 
HERA+SARAS ‘22

State of the Art in Observations



What is REACH adding to these experiments?

Forward modelling pipeline: 
Full Bayesian joint analysis (21-cm 
signal, foregrounds, instrument)

Multi-antenna system: 
Simultaneous observations with 

different antennae

Physical foreground models 
instead of low order polynomial

models

In-field calibrator: Live 
measurements of the system 

during observations

Live measurements of the 
entire receiver.

21-cm

Instrument

Foregrounds

B

de Lera Acedo, et al., Nature Astronomy 2022



Site updates
KAROO Radio reserve
South Africa

HERA

MeerKATSKA1–Mid core

HIRAX

REACH

5 km



REACH 1st antenna Solar-powered + satellite link

30 m elevated ground mesh



Forward modelling



Forward modelling



Forward modelling
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Status of the receiver calibration

This is the impact of missing just 1 little switch in the calibration



Status of the receiver calibration



HERA LOFAR

350h of sky data 
since last year

Status of the data analysis



On-sky data analysis



On-sky data analysis



On-sky data analysis



Foreground science

REACH col., 2026. In prep.



Hunt for the 21-cm line 
Just 1 night observation with the galaxy below horizon
November 25

REACH 
Forward-Modelling pipeline

-- UNPUBLISHED RESULTS – PLOT REMOVED --



Hunt for the 21-cm line 
Just 1 night observation with the galaxy below horizon
November 25
EDGES/SARAS3-like analysis

(low order models)

-- UNPUBLISHED RESULTS – PLOT REMOVED --



If you want to know more…



Why are we thinking on space then?

Collisions Ly-α X-rays UV reionization

“absorption”

“emission”

CosmoCube 285 > z > 13



Challenges on the ground

Earth’s Ionosphere RFI Near field 
emissions

300 k



Solutions in space

Earth’s Ionosphere

RFI

Near field emissions

A space mission on 
the far side of the 
Moon, in orbit

Unique opportunity 
if humankind’s 
history, first time we 
are capable of doing 
this, but maybe the 
last time too…



Science goals
^ de Lera Acedo et al., 2026, in review. (Nat Ast)

First 21-cm Dark Ages Detection - Global 21-cm 
absorption profile at 30 < z < 285 (5–45 MHz), 
probing the Universe ~4–100 Myr after the 
Big Bang.

Mid-Redshift Hubble Constant - Constrain 
H(z≈80)

Dark Matter Physics - Inform DM–baryon 
scattering cross-sections

 



The Moon is back on the agenda
Single antenna lander Surface array

Orbiter array



The Moon is back on the agenda
Single antenna lander Surface array

Orbiter array Orbiter



Funding Core members Collaborators



The platform and payload

* Kaan and de Lera Acedo, RASTI 2024
~ Zhu, de Lera Acedo et al., RASTI 2024

1.- Wideband deployable antenna
• 6 m long once deployed
• Stowed during launch

2.- Integrated radiometer
• Using COTS RFSoC technology
• Dicke-switch calibrator

3.- Thermal control
• 1 mK rms during observations

SSTL-21



The orbit



Mission status

Phase II
2023-2025

£1.5M

Phase I
2021-2022 

£0.15M

Phase III
2026-2031 
est. £30M

ESA mini-F proposal



Conclusions
• REACH from the ground:
• “21cm monopole” at Cosmic Dawn and potentially EoR
• “Good” data since March ‘25
• Rapid improvement in data analysis 
• 2 new systems (South Africa and Cambridge) coming up

• CosmoCube from the Moon:
• “21cm monopole” at Dark Ages and potentially Cosmic Dawn
• In development. Funded by UKSA.
• Follow the experimental procedure of ground experiments
• Hoping to launch by end of the decade. 





Kavli Fellowships

Do you consider yourself an 
instrumentalist/experimentalist in Cosmology?

Are you an Early Career / Mid Career researcher?

Do you think you have a strong track record?

Interested in an academic career?

…

Please come talk to me… or email


