Low-frequency radio astronomy and

wide-field imaging
James Miller-Jones (NRAO Charlottesville/Curtin University)
B st gl® 7

L_df

'. ‘A" 3 ,é"”‘k\““

-

ITN 215212: Black Hole Universe

Many slides taken from NRAO Synthesis Imaging
Workshop (Tracy Clark talk)
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Low-frequency radio astronomy
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Fundamental limitations

. . /
A Resolution of an interferometer qg=——

A Field of view ¢= D
2k, T

Sys

A \/N(N - Dt .Dn

A Sensitivity Sg=

A Low-frequency radio astronomy is inherently
I low-resolution
I wide field-of-view
I low fractional bandwidth
with respect to similar centimetre-wavelength observations
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Fundamental limitations: Confusion

A Low resolution coupled with high sensitivity = confusion

I Unresolved sources place a fundamental limit on the theoretical
noise limit

g~ 1~ 30 mly/beam g~ Inis ~ 3 mJy/beam
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Other low-frequency problems

A lonosphere affects signal propagation

i Refraction, s deoorreladoniiwander o0,
A RFI swamps astronomical signals
A Wide field of view

I Field of view exceeds size of isoplanatic patch

A Direction-dependent self-calibration

I Bandwidth smearing requires small channel widths

I Time smearing requires rapid correlator dumps

I Imaging must use multiple facets to cover field of view

A Imaging large fields of view requires enormous computing
power

-
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The ionosphere .
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The lonosphere

A Radio waves Phase on three 8-km baselines | -
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The lonosphere

A lonosphere affects signal
propagation

eZ

f. = .dl
ion 4,0 §m/7 rT]e
A Wedge:
I Faraday rotation,

absorption, refraction
A Waves:
I Differential refraction,

source distortion,
scintillation <

Credit; Dharam Vir Lal

~ 1000 km

Waves /<
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Compensating for the ionosphere (I)

A Field-based calibration
I Rapid images of bright sources to compare to known positions
I Fit Zernike polynomial phase delay screen for each time interval.
I Apply time variable phase delay screen to produce corrected image

alibration

Time-variable Zernike
Polynomial Phase Screens

=

Average positional errox decr eas
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Compensating for the ionosphere (ll)
A Source Peeling and Atmospheric Modelling (SPAM; H. Intema)

lteratively self-calibrate on and subtract bright sources from uv-data
Fit global ionospheric model to peeling solutions
Calculate model phase solutions for each facet of wide-field image
Apply solutions, image and deconvolve as usual

A 10-50% reduction in background noise

A Peak fluxes and astrometric accuracy increased

Ll l
F f o "

Credit: Huib Inteméf
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Bandwidth smearing

A Recall field of view given by //D
A But bandwidth smearing affects point source response
A At low frequencies: m g
I Field of view is large
I Fractional bandwidth is high
A Solution
I Split the bandwidth into many spectral channels
I Each channel is not affected by bandwidth smearing
I Fourier transform each spectral channel separately
A Recall (u,v,w) are components of b measured in / Vv

A Grid each channel separately f\
N

Dnn , Dg

-
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Radio Frequency Interference

A The other benefit of narrow channels: RFI excision
I Most man-made RFI is narrow-band
I MUCH brighter than most astronomical data
I We need to edit out visibilities affected by interference

2k, T,

sys

A \/N(N - Dt .Dn

I Sensitivity Sg=

A Remove few affected channels rather than entire integration

A RFI can also be natural (lightning, solar effects...)

-
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Radio Frequency Interference

Short baseline —— Long baseline

A Worst on short baselines
A Tends to be narrow-band
A Care about internal generation
A Automated algorithms
I Thresholding
I Median window filters
I Deviation in complex plane
I High Stokes V
I Pattern recognition

I u=0 (fringe rate is zero on
V axis)
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Non-coplanar arrays

A Recall the relation between visibility and sky brightness

V., =1, ()expgeZﬂbSO
~ ,(,m)
n\/'l 12

A Not a Fourier transform relation unless:
I 1) All baselines lie in a plane (E-W interferometers, snapshots)
I 2) Emission from a small region of sky (narrow-field imaging)

V. (u,v, w) = exp[- 26 (ul +vm+wn)|didm

A At low frequencies, FOV = //D, i.e. large

I We can only recover FT relation for snapshots or E-W
Interferometers

-
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Non-coplanar arrays: facetting

A We cano6t perform an FT unl ess
A Facetted approach:

I Split full FOV into many small facets

I For each facet, wterm< 1

I Image/deconvolve each facet
separately

I Separate PSFs for each facet

I Reconcile different facets in a
Amaj or cycl eo

I Stitch facets together at the end

-
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