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Background
21cm Intensity Mapping

Detects dark ages, cosmic dawns, and reionisation periods; 
fast survey speeds and large survey volumes; 
can interrelate with optical surveys.

Low resolution and difficulty in extracting 21cm signals.

Galactic Survey
(from Sloan Digital Sky Survey)

21cm Intensity Mapping
(from arXiv:0902.3091)

Challenge:
Beam effect
polarization leakage



Do convolution with Gaussian beam Do convolution with Cosine beam

Power spectrum： 𝑅𝑅 𝑘𝑘∥, 𝑘𝑘⊥ auto =
�𝑃𝑃cln(𝑘𝑘∥, 𝑘𝑘⊥)
𝑃𝑃HI(𝑘𝑘∥, 𝑘𝑘⊥)
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•For Gaussian beam : U-Net improved by 27.4% over PCA;
•For Cosine beam : U-Net improved by 144.8 % over PCA.

auto-correlation power spectrum ratio (PCA& initial HI) 

auto-correlation power spectrum ratio (U-Net& initial HI) 

Eliminate beam effects
Do convolution with Gaussian beam Do convolution with Cosine beam

ArXiv:2204.02780

https://arxiv.org/abs/2204.02780


Simulation

CRIME (http://intensitymapping.physics.ox.ac.uk/CRIME.html, Alonso et al. 2014.)

970 MHz ~ 1023 MHz

whole sky map

http://intensitymapping.physics.ox.ac.uk/CRIME.html
http://arxiv.org/abs/1405.1751


PCA Results



PCA Results



Deep learning and Hyperparameters

HEALPix pixelization



PCA+U-Net Results



Alleviating Signal Loss



Robustness Analysis
test sets ：{0.01, 0.1, 1, 10,100}



Summary

1. PCA foreground subtraction approach produces significant foreground residual.

2.   The U-Net architecture can successfully remove the foreground at different 
polarization leakage levels. 
3. U-Net can compensate for the signal loss caused by the aggressive PCA.
4. The U-Net subtraction strategy is reliable when the amplitude of 21cm signal varies 

within [0.1, 10]. 
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