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Why measure large-scale structure (LSS)?

Cosmic expansion history

Nature of gravity

Early universe

Nature of dark matter
growth of structure

standard rulers in clustering

small-scale structures

clustering statistics

LSS



  

Large-scale structure with 21cm intensity mappingDetection of Cosmological 21cm Emission with CHIME / Simon Foreman
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• Observe the sky at low resolution 
in the radio (                             )⌫obs < 1420.4MHz

figure: Richard Shaw

• Observing frequency 
→ redshift:

z =
1420.4MHz

⌫obs

− 1

• Maps contain 21cm line 
emission from spin flips in HI

Large-scale structure with 21cm intensity mapping

● Observing frequency          redshift

● Maps contain 21cm line emission from spin flips 
in neutral hydrogen

● Observe the sky at low resolution in the 
radio ( νobs < 1420.4 MHz )

(figure: Richard Shaw)
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Challenges in 21cm Detection
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Foregrounds
● Synchrotron, extragalatic point sources 

and free-free emissions
● 104 – 105 times brighter than 21cm signal

The angular power spectra of various astrophysical sources of 
contamination and thermal noise in comparison with the 
theoretical 21cm power spectrum.
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Simulations

Foregrounds
● Synchrotron emission
● Free-free emission
● Extra galactic pointsources

Thermal Noise

● Single-dish telescope

Baryon acoustic oscillations 
In Neutral Gas Observations 
(BINGO)



  

Methodology:  Harmonic space ILC with PCA

 The sky observations dν(p) at a frequency ν and pixel p,

 If ‘m’ defines the subspace dominated by foregrounds, we can write the 21cm signal as a superposition of 
‘(nch - m)’ independent templates t,

Mixing matrix

 The spherical harmonic coefficients,



  

0 10 20 30 40
Eigen modes

100

102

104

106

108

1010

1012

Ei
ge

n 
va

lu
es

= 50
= 100
= 150
= 200

 We use Principal Component Analysis (PCA), to determine the mixing matrix.

where      is the sum of  the theoretical 21 cm and the noise covariance matrices. 

 To estimate the mixing matrix, we first normalize the empirical covariance matrix by:

 One can then obtain mixing matrix,

 Now the cleaned 21cm harmonic modes can be obtained by performing h-ILC*,

with

Methodology:  Harmonic space ILC with PCA

(*Albin and Rajib 2024)



  

Cleaned maps

Mask bright sources
and galactic plane

Noise debias

Full-sky angular power
spectrum

(MASTER* algorithm)

Partial-sky angular
 power spectrum

Methodology:  Harmonic space ILC with PCA

(*Hivon et al. 2002)
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Results: Effectiveness of Harmonic Space ILC 

Variance Analysis Across Frequency Channels

Strong suppression of 
foreground residuals



  

Results: Cleaned Maps
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masking bright radio 

sources and galactic plane

Results: Mean difference and Std. Dev. Maps



  

Results: Recovered full-sky angular power spectrum
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 Recovered mean angular power spectrum.



  

Results: Fractional Bias
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Signal loss is ~ 6%



  

Summary

 We propose a novel, foreground model-independent method using harmonic space Internal Linear 
Combination (ILC) to extract the 21 cm signal from simulated radio observations.

 The method effectively removes foreground contamination that is several orders of magnitude 
stronger than the 21 cm signal, without requiring explicit foreground modeling.

 The method reconstructs the 21 cm angular power spectrum with less than 6% bias for most 
multipoles, demonstrating its effectiveness in preserving the cosmological signal.

 The technique is computationally efficient 

Thank You
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