Results from the Allen Telescope Array:
Primary Beam Shape Calibration
ABSTRACT
With the goal of making large mosaicked observations with the ATA, we
present a new method for calibration of the primary beam shape that
uses the multiple redundant observations of bright sources in the
mosaic. The method can be applied to various beam shapes through

least-squares minimization. Major benefits of this simple, conceptually
clean method are that it saves precious telescope time by making use of
archival science data, and, most importantly, it allows us to self-calibrate by
using data from actual measurements.
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1. MOTIVATION

4. METHOD: Least-squares minimization

6. SIMULATION: Extension to larger-N arrays

•

•

•

Simulated data for arrays with increasing numbers of dishes Nant

•

“Observed” and matched simulated sources, and applied least-squares minimization
technique to calculate uncertainty in the FWHM of each simulated array

•

Uncertainty in FWHM is inversely proportional to Nant

•

In the absence of systematic errors, the FWHM of the SKA-3000 primary beam could
be measured to within 0.02%; this is important for the high-fidelity and high-dynamicrange imaging planned for the SKA.

Theory tells us that the full width at half maximum (FWHM) of the ATA’s
primary beam should be:

•

The shape of the actual beam may not match the predictions

•

To successfully make a mosaic (a set of individual snapshots all stitched
together), the beam must be properly characterized

Assuming the beam is a circular Gaussian, we find the best-fit FWHM using least-squares
minimization; the best-fit FWHM minimizes A:
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Percent uncertainty in FWHM (% of 1.10°)

2. GOALS
• To enable the construction of large mosaics with the ATA
• To characterize the primary beam shape of the ATA, starting with the FWHM
• To achieve this by self-calibration, using data from actual measurements
• To achieve this without the laborious and time-consuming observations typical
of traditional beam-mapping techniques
Fig. 3: Flux density pairs from ATATS data before (left) and after
(right) correction with a Gaussian beam that has the best-fit FWHM.

3. BACKGROUND
•

Search for appearances of the same source in multiple pointings of the ATA
Twenty Centimeter Survey (ATATS) and Pi Gigahertz Sky Survey (PiGSS)
(see Figure 1)

•

Record the source’s flux density and distance from the pointing center in
each appearance

•

Use sources’ multiple appearances to characterize the FWHM of the ATA
primary beam
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5. RESULTS
•

Achieved a best-fit FWHM for the correcting beam that is consistent with the canonical
value:

•

Large minimum A value (~22) and systematically narrower beam-width due to
underestimation of flux uncertainties and to non-Gaussianity of the primary beam
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7. CONCLUSIONS
•

The ATA primary beam has the expected FWHM

•

The theoretical FWHM value is reasonable, and matches our results, results from Hex-7
ATA calibration observations, and results using beam holography.

•

Using our method, we arrived at an answer using zero dedicated telescope time; our
method can be employed frequently and at the desired observing frequency

•

Our method can be applied to other radio telescopes needing simple beam
characterization using science data, with better results as Nant increases
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Fig. 2: An assumed Gaussian beam,
with a flux-density/distance pair
superposed
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Fig. 5: The percentage uncertaintyant in the FWHM of the telescope's
primary beam as a function of antenna number. The solid line is a
power law fit to the simulation results, and has an index of 1.
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Fig. 1: Two instances of the same source in different
pointings

10

3.3
1

1.5

2

2.5

3

3.5

Frequency (GHz)

Fig. 4: The primary beam's FWHM vs. observing frequency, shown over the relevant portion of the
ATA's 0.5--10 GHz frequency range. Points on the solid line are the expected values, and the
two large points are the FWHM values found using least-squares minimization.

Characterize the beam’s ellipticity and angle as a function of Az/El
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