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Simulations 1,000,000:1

Up next:

(Oleg’s talk)



This talk may contain traces of opinion.
Produced in an envrionment handling opinion ingredients.

ALLERGY ADVICE

!
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Real Imaginary
Interferometers as spatial frequency filters



ID(x,y) ⇔ S(u,v) × I(u,v)

 

Image plane

The uv-plane 
sampling function

FT of the true sky 
brightness  distribution
(or your model of it)

A Fourier 
transform

  
Fourier plane

 

The recovered
‘dirty’ image



Why bother?

Feasibility studies / proposal writing

How dirty is your beam?

Optimising array design

Investigating how instrumental / atmospheric effects limit DR

Intuition!



AIPS



MeqTrees



CASA



Miriad

Image not found



AIPS++





The Measurement Equation



The tetralogy of papers by Hamaker, Bregman & Sault



Smirnov (2011) × 3 



Troposphere (T)

Bandpass (B)

Receiver gains (G)

Primary beam (E)

Sky model

Ionosphere (Z)

Polarization response (D)

The Awesome Power of the Measurement Equation



Calibration
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Create empty
Measurement

Set
(CASA sm tool)

Observation
parameters

Array
parameters

A basic simulation setup

Sky model

Generate
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Imaging and 
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image
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image

Image-plane primary beam treatment...

Sky model

Primary beam
attenuated
sky model

(CASA ia tool)
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Create empty
Measurement

Set
(CASA sm tool)

Observation
parameters

Array
parameters

Imaging and 
deconvolution
(lwimager)

Simulated
image

...with optional inversion

Sky model

Primary beam
attenuated
sky model

(CASA ia tool)

Primary beam
correction

(CASA ia tool)

←



Generate
corrupted
visibilities
(MeqTrees)

Create empty
Measurement

Set
(CASA sm tool)

Observation
parameters

Array
parameters

Imaging and 
deconvolution
(lwimager)

Simulated
image

Sky model
EM beam sims

FITS files
(MeqTrees)

Visibility-domain primary beam treatment (Oleg’s talk)
(EMSS /  Ludwig Schwardt)



Create empty
Measurement

Set
(CASA sm tool)

Observation
parameters

Array
parameters

Imaging and 
deconvolution
(lwimager)

Simulated
image

Iterative simulations

Sky model

I(α, δ, ν, t)

Existing
corrupted
visibilities
(MeqTrees)

+−



Generate 
corrupted
visibilities
(MeqTrees)

Primary beam
attenuation

(CASA ia tool)

Create empty
visibility set

(CASA sm tool)

Observation
parameters

Array
parameters

Imaging and 
deconvolution
(lwimager)

Simulated
image

Setup for MESMER / LADUMA simulations

S3-SAX
source

database

CO / HI single
channel
(S3Tools)

Primary beam
correction

(CASA ia tool)

Multiple channels processed sequentially / in parallel to make job manageable / fast

http://s-cubed.physics.ox.ac.uk

http://s-cubed.physics.ox.ac.uk
http://s-cubed.physics.ox.ac.uk


MESMER datacube: 4096 × 4096 × 256 / 6.95 ≤ z ≤ 8.22 / 2 GHz BW
0.3 TB visibility data / 17 GB image cube

10,559



LADUMA datacube: 4096 × 4096 × 64 / 0.188 ≤ z ≤ 0.438 (not deconvolved)

453,858



LADUMA datacube: 4096 × 4096 × 64 / 0.188 ≤ z ≤ 0.438 (sky model)

453,858



MIGHTEE image: 300-hour continuum field at 1.3 GHz



Dirty image, natural weighting Blind clean, 12,000 components, Briggs weighting

KAT-7 simulation / 24 hour track / 1.6 GHz / 2 degree field



KAT-7 simulation / 24 hour track / 1.6 GHz / 2 degree field

Dirty image, natural weighting

Central 1 Jy source flares to 3 Jy for about an hour

Blind clean, 12,000 components, Briggs weighting



KAT-7 simulation / 24 hour track / 1.6 GHz / 2 degree field

48 × 30-minute snapshot dirty images Blind clean, 12,000 components, Briggs weighting


