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Introduction

Radio Interferometry:
Instead of observing the true sky, we observe its Fourier transform

Making images implies Fourier transforming observed visibilities from
the uv plane to the image plane

Caveat: because of incomplete sampling in uv plane, the image is
convolved with the point spread function (PSF)

LOFAR:
First of its kind in the world

Requires 3rd generation calibration [Noordam] as opposed to
conventional calibration like in WSRT

We have capable software to do this (MeqTrees and AIPS++)
LOFAR is almost one year old!
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Calibration

Aims of calibration:
Estimate clock delays (phase shifts) and electronic gains
Estimate beamshapes
Remove strongest sources Cas A, Cyg A, Tau A, Vir A ...

All sky imaging, with beam correction
Source detection, building sky models
Modelling complex sources (shapelets et al.)
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Dipole Beamshapes
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The Sky
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Cassiopeia A (Cas A), VLA image, Cygnus A (Cyg A), VLA image,
20000 Jy at 60 MHz 20000 Jy at 60 MHz

Others: Taurus A, Virgo A, Sun, ...
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Measurement Equation

Full polarization (matrix) measurement equation: [Hamaker, Bregman,
Sault], [Noordam]
For N sources, visibility seen at interferometer pqg
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Image without calibration
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Calibrated Image

North Celest|al Pole (NCP) LBA, Cas A, Cyg A
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Peeling

. .. 4 . .
Deconvolution in image plane = subtraction in uv plane

Peeling a source implies nding its contribution to the visi bilities and
subtraction of that contribution from the visibilities, one by one
[Noordam]

Peeling is superior to deconvolution when the PSF is variable
Removal of strong sources (Cas A, Cyg A) is best done by peeling
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Image after peeling

Cas A, Cyg A

LBA,

North Celestial Pole (NCP)
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Here comes the Sun!
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Here comes the Sun!
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Here comes the Sun!
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Getting the uxes right

Correction for phase errors only get source positions right

Each pixel of the image has a unique amplitude and phase error due to
the beam

Amplitude error changes value of the ux
Phase error changes polarization of source

Correction for the beam:

Correction per interferometer, before making images, for each direction
(facet imaging)

Correction in the image plane, by making snapshot images, small
amount of time, beam variation is small

Correction for average beam, assuming sources are unpolarized
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Beam/Sky Movie

-5 o 5 L1

40

beam (left), sky (right), 1 hour snapshots

50 80

Sarod Yatawatta — p. 16



LBA Image after correction for the beam

LBA, 50 MHz, 3 days observation
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HBA Image after correction for the beam

HBA, 150 MHz, 16 hr obsevation
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Sidelobe noise

NCP, LBA Simulated Sky 60 MHz
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Before, After and Difference

Tycho (before peeling, after peeling, difference)
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Before, After and Difference

Virgo A (before peeling, after peeling, difference)
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Before, After and Difference

Taurus A (before peeling, after peeling, difference)
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Complicated sources

HBA images with point source/shapelet models for Cas A
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Finally..
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