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ALLERGY ADVICE

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



Interferometers as spatial frequency filters
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Interferometers as spatial frequency filters
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Interferometers as spatial frequency filters
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The uv-plane

sampling function FT of the true sky
The recovered brightness distribution
‘dirty’ image (or your model of it)

/ /
[P(x,y) < S(uyv) x [(w,v)

%f_J \—__\f_-_J

Image plane Fourier plane

A Fourier
transform



Why bother?







Meqlrees
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Common Astronomy
Software Applications




The Measurement Equation

Vg = MpqBpgGpgDpq | EpgPpqTpqFpg S 1,(1,m) e~ 2 (Upaltvea ™)l dm, + Apq



The tetralogy of papers by Hamaker, Bregman & Sault
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Understanding radio polarimetry.
I. Mathematical foundations

J.P. Hamaker', J.D. Bregman' and R.J. Sault'-?

! Netherlands Foundation for Research in Astronomy, Postbus 2, 7990 AA Dwingeloo, The Netherlands
2 Australia Telescope National Facility, CSIRO, P.O. Box 76, Epping, N.S.W. 2121, Australia

Received August 4; accepted October 22, 1995

Abstract. — The measurement of polarized radiation uses entirely different methods at optical and radio wave-
lengths. As a result, the algebraic analysis of polarimeter performance differs and, in the case of radio interferometry,
is unnecessarily complicated. We demonstrate that the mathematical operation of outer matrix multiplication pro-
vides the missing link between the two approaches. Within one coherent framework, we then unite the concepts of
Stokes parameters and Wolf coherency matrix, the Jones and Mueller calculi from optics, and the techniques of radio
interferometry based on multiplying correlators. We relate the polarization performance of a complete radio interfer-
ometer to the (matrix) polarization properties of its successive signal processing stages, providing a clear view of how
a radio polarimeter works. Our treatment also clarifies the nature of and the relations between the various types of
transformations used in optical polarimetry. We develop the analysis from the radio interferometrist’s point of view,
but include enough background for a wider audience. In a companion paper, we discuss in more detail the application
to the calibration of radio interferometer systems; in a third paper we investigate the IAU (1973) radio definition of
the Stokes parameters and its precise translation into mathematical form.

Key words: methods: analytical — methods: data analysis — techniques: interferometers — techniques: polarimeters

A e ————



Smirnov (2011) X 3

Astronomy & Astrophysics manuscript no. 16082 © ESO 2011
January 11,2011

Revisiting the radio interferometer measurement equation.
l. A full-sky Jones formalism

O M. Smirnov
Netherlands Institute for Radio Astronomy (ASTRON)
P.O.Box 2, 7990AA Dwingeloo, The Netherlands
e-mail: smirnov@astron.nl
Received 5 Nov 2010 / Accepted 5 Jan 2011
ABSTRACT

Context. Since its formulation by Hamaker et al., the radio interferometer measurement equation (RIME) has provided a ngorous
mathematical basis for the development of novel calibration methods and techniques, including various approaches to the problem of
direction-dependent effects (DDEs). However, acceptance of the RIME in the radioastronomical communuty at large has been slow,
which is partially due to the imited availability of software to exploit its power, and the sparsity of practical results. This needs to
change urgently.

Aims. This senies of papers aims to place recent developments in the treatment of DDEs into one RIME-based mathematical frame-
work, and to demonstrate the ease with which the vanous effects can be descnbed and understood. It also aims to show the benefits
of a RIME-based approach to calibration.

Methods. Paper I re-denives the RIME from first principles, extends the formalism to the full-sky case, and incorporates DDEs. Paper
II then uses the formahism to descnibe self-calibration, both with a full RIME, and with the approximate equations of older software
packages, and shows how this is affected by DDEs. It also gives an overview of real-life DDEs and proposed methods of dealing with
them. Finally, in Paper III some of these methods are exercised to achieve an extremely high-dynamic range calibration of WSRT
observations of 3C 147 at 21 cm, wath full treatment of DDEs.

Results. The RIME formalism 1s extended to the full-sky case (Paper I), and 1s shown to be an elegant way of describing cahibration
and DDEs (Paper II). Applying this to WSRT data (Paper III) results in a noise-limited image of the field around 3C 147 with a very
high dynamic range (1.6 million), and none of the off-axis artifacts that plague regular selfcal. The resulting differential gain solutions
contain significant information on DDEs and errors in the sky model.

Conclusions. The RIME 1s a powerful formalism for descnbing radio interferometry, and underpins the development of novel cali-
bration methods, in particular those dealing with DDEs. One of these 1s the differential gains approach used for the 3C 147 reduction.
Differential gains can eliminate DDE-related artifacts, and provide information for iterative improvements of sky models. Perhaps
most importantly, sources as faint as 2 mJy have been shown to yield meaningful differential gain solutions, and thus can be used as
potential calibration beacons in other DDE-related schemes.

Key words. Methods: numerical - Methods: analytical - Methods: data analysis - Techniques: interferometric - Techniques: polarni-
metric






Calibration




NUMERICAL SOLVER
SKY MODEL

PREDICT
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NUMERICAL SOLVER
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PREDICT
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A basic simulation setup




Image-plane primary beam treatment...

Primary beam
attenuated
sky model

(CASA ia tool)

Sky model

Observation
parameters

Array
parameters




...with optional inversion

Primary beam
attenuated
sky model

(CASA ia tool)

Observation
parameters

Primary beam
correction
(CASA ia tool)




Visibility-domain primary beam treatment (Oleg’s talk)

(EMSS / Ludwig Schwardt)
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EM beam sims
FITS files
(MeqTrees)
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lterative simulations

Create empty
Measurement
Set
(CASA sm tool)




Setup for MESMER / LADUMA simulations

Primary beam
attenuation
(CASA ia tool)

Primary beam
correction
(CASA ia tool)

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

http://s-cubed.physics.ox.ac.uk
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MESMER datacube: 4096 X 4096 X 256 / 6.95 <z < 8.22 / 2 GHz BW
0.3 TB visibility data / 17 GB image cube
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LADUMA datacube: 4096 X 4096 X 64 / 0.188 < z < 0.438 (not deconvolved)
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LADUMA datacube: 4096 X 4096 X 64 / 0.188 < z < 0.438 (sky model)
Input
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Relative Declination / degrees

MIGHTEE image: 300-hour continuum field at 1.3 GHz
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KAT-7 simulation / 24 hour track / 1.6 GHz / 2 degree field

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




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

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

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




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

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




