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How to measure the 21cm Global signal

Experiment to Detect the Global EoR Step
(EDGES) 

Shaped Antenna 
measurement of the 
background RAdio
Spectrum (SARAS)

Large aperture Experiment to detect the Dark Ages(LEDA)

SARAS2

SARAS3



EDGES’s result (2018)
Maximum in standard model

Bowman et al. Nature 555,67(2018) 

EDGES signal is hard to interpret in 
standard cosmology

Image credit: S. Singh



SARAS3’s result in 2022
Fit the SARAS3 spectrum with a model representing the foreground plus calibration 
systematics along with the EDGES profile. 

SARAS3

S.Singh et al. 
Nature Astron. 6
(2022) 5, 607-617



Alternatively, detect the 21cm global spectrum by 
an interferometer:

It measures the cross-correlation instead of auto-correlation, has 
different systematics compared to single antenna

An interferometer array has higher angular resolution, therefore it 
can use celestial objects as calibration sources.



The visibility measured by the interferometer

The spherical harmonic expansion of the sky temperature:

Allow the visibility expanded up to lmax:

Algorithm and its feasibility

For many baselines it forms matrix form:

The estimator:

The recovered global sky temperature

finds the minimum-norm least-squares solution



For isotropic beam 
and randomly 2D baseline:

Input Map: 
the ULSA sky model 
with direction dependent spectrum indices 
(Cong et al. 2021)  
See the next talk!



Add a complex Gaussian random noise:

The final noise level 
on the recovered 
global spectrum is



Dipole beam:



3D Baselines



The Shortest Baselines

2D baselines with 

3D baselines with



Extract the 21 cm signal

21 cm global signal:

Foreground:

Markov Chain Monte Carlo analysis:

Shi et al. (2022a).



Simulated results: ground-based 2D array:
array configuration :
400 antennas; 60m radius, 
random locations

recovered global sky temperature:
24 snapshots/day, 
each snapshot 100 hr integration time



ground-based 2D array:

de OliveiraCosta et al. 2008



Ground-based 2D array
But combine the baselines of different snapshots together
Actually 3D baseline!

More better than that obtained 
by using only instantaneous 2D 
baselines, 
We strongly recommended the
3D baseline!



Simulated results: space array:

12 dipole antennas, cross-shaped baselines formed via precessiom

To overcome shielding and/or ground reflection effects, the best way is to build an array 
in space
For example at the Sun–Earth Lagrange point L2.



Simulated results: space array:



The cross-talk:
Origin from the internal noise 
of one antenna that leaks into 
another one, and the sky 
signal scattered by one 
antenna that received by 
another.



Summary:

1. The origin of EDGES 21cm absorption excess is still in debate

2. The monopole contribution is present in the visibility, we 
developed algorithm to recover the monopole from visibilities

3. We propose ground-based 2D, 3D and space interferometer 
arrays to detect the 21cm global spectrum.

Thank You !



Appendix
We consider baselines with
The interferometric measurement with a given baseline length b is only sensitive 
to modes up to:                        
So,



Simulated results: ground-based qusi-3D array:

qusi-3D array configuration 


