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Allure of HI Mapping
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Foregrounds confined to small Fourier 
modes



  

Non-uniform baseline sampling causes 
foreground leakage
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Delay wedge is prevalent up to the horizon
Imaging wedge shows improvement near horizon

Pober et al. 2013
Beardsley et al. 2016
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Pober et al 2016

Foregrounds leak into the wedge from the 
beam



  

Foreground Contamination in the Wedge:

● Imaging based pipeline improves wedge sensitivity
● Increased number of unique baselines improves uv 

sampling
● Antenna response (Beam) leaks power into the wedge
● Aperture Smoothness = Beam + Configuration
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Simulations
Require:

● Full Sky Foregrounds
● Diffuse & Point Source

● Power Spectrum
● Analyze with imaging based pipeline

Simulate Visibilities

PRISim

Gridding and Imaging

FHD

Power Spectrum Estimation

Eppsilon

pyuvdata

● github.com/nithyanandan/PRISim
● github.com/EoRImaging/FHD
● github.com/EoRImaging/Eppsilon
● github.com/HERA-Team/pyuvdata



  

Simulate foregrounds with different 
UV apertures



  

HERA 2D Power Spectra



  

HERA 2D Power Spectra



  

1D Power Spectra cut shows slow roll off 
of the wedge
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Compare the fractional power above the 
bandwidth limited bin

B

A



  

Rhombus type array has smoother UV 
aperture

U [λ]

V
 [
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More Simulations!
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More Simulations!

● Time consuming
– Hundreds of 

CPU hours
● RAM intensive
● Super Computer?



  

Optimize Foreground Sensitivity With 
Array Design

● Full Simulations may not be necessary

● Foreground leakage influenced primarily through 
aperture smoothness
– Aperture Smoothness = Beam + Configuration     

● Need to estimate the UV aperture quickly and 
accurately



  

Py21cmwedge

● Open source gridding software

● Fast and accurate

● Validated

– FHD

– Eppsilon

● Validation Memo Series

github.com/mkolopanis/py21cmwedge



  

Example Validation:
Gridding a Single Baseline



  

Example Validation:
Adding Two Baselines



  

Example Validation: Comparing full array 
against existing pipe



  

What about those Arrays?



  

Affect of HERA configuration dither on UV 
smoothness

U [λ]

V
 [λ

]



  

Calibrate Full Simulations against UV-Weights
calculation



  

Summary:
● UV Aperture (configuration + beam) mixes with foregrounds to cause the 

wedge
● Exact nature and characteristics of foregrounds not important to minimize 

wedge leakage 

● Possible to estimate “wedginess” of array through single frequency 
aperture estimation

● Py21cmwedge perform this calculation
● Coming Soon:

– firmer calibration of wedge excess against aperture calculation array optimization 
tool
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