Results from the Allen Telescope Array:
Primary Beam Shape Calibration

Chat Hull & Geoff Bower for the ATA Team
UC Berkeley 601 Campbell Hall, Berkeley, CA 94720 chat@astro.berkeley.edu
ACKNOWLEDGMENT
The first phase of the ATA was funded
through generous grants from the
Paul G. Allen Family Foundation. UC
Berkeley, the SETI Institute, the National
Science Foundation (Grant No. 0540599),
Sun
Microsystems,
Xilinx,
Nathan
Myhrvold, Greg Papadopoulos, and other
corporations and individual donors
contributed additional funding.

ABSTRACT
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 selfcalibrate by using data from actual measurements.

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 has an analytical solution for simple Gaussian
beam shapes but can also be applied to more complex beam shapes

1. MOTIVATION

Limitations of the two-point approach

4. METHOD: χ2 minimization

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

• The analytical solution to the beam’s FWHM using two flux-distance pairs is:

• We find the best-fit FWHM using χ2 minimization, where we calculate the reduced χ2 value
by correcting all the data using a beam with the best-fit FWHM, and then comparing the
corrected fluxes of the two members of each flux-distance pair
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where S1 & S2 are the sources’ fluxes, and r1 & r2 are the sources’ distances from
their respective pointing centers

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

• When S1/S2 or r1/r2 ≈ 1, the above FWHM equation breaks down

2. GOALS

• This results in a large number of discrepant data points near the “sweet spot” in
overlapping pointings (see Figure 3)
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Fig. 6: Δχ2 vs. FWHM of the
correcting beam

5. RESULTS: χ2 minimization
• Achieved a best-fit FWHM for the correcting beam (see Fig. 6) that is consistent with the
canonical value:
◦

3. BACKGROUND: Two-point Gaussians

rF W HM = 2.39 ± 0.26

Fig. 3: The offending flux-distance pairs fall in the “sweet
spot” between the two beams (dotted line), right where
we would expect the most matches

• Search for appearances of the same source in multiple pointings of the ATA
Twenty Centimeter Survey (ATATS) [2] (see Figure 1)
• Record the source’s flux and distance from the pointing center in each
appearance

• Large minimum χ2 value (~22) due to underestimation of flux uncertainties and due to the
fact that the beam is not perfectly Gaussian

Results from the two-point approach

• Calculate analytically the FWHM of the Gaussian that fits each flux-distance
pair, assuming a circular Gaussian beam (see Figure 2)
Two sample flux/distance pairs, with Gaussian fit
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• Need to trim the data, using data with S1/S2 or r1/r2 ≤ 0.6

6. CONCLUSIONS

• Without trimming, we get a large number of discrepantly high FWHM values (see Figure 4)

• While consistent with our χ2 minimization results, the method of calculating the beam’s
FWHM using the two-point-Gaussian method has systematic problems, including the fact
that the best flux-distance pairs lead to the least reliable FWHM values

• After trimming,FWHM
we vs.
get
at L-band (1.43 GHz)
r1/r2a median FWHM value of ~2.30º
Histogram of FWHM values
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• We find the χ2 minimization method to be superior to the two-point method because of its
lack of systematic problems, its compatibility with more complex models, its ability to use all
of our data in the fit, and the fact that we can use it to self-calibrate the ATA’s beam by using
data from real observations.
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Fig. 5: Flux pairs before (left) and after (right) correction with a
Gaussian beam that has the best-fit FWHM.

• To achieve this without the laborious and time-consuming observations typical
of traditional beam-mapping techniques
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• To achieve this by self-calibration, using data from actual measurements

Fig. 1: Two instances of the same source in different
pointings
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• To characterize the ATA’s beam shape, starting with the beam’s FWHM
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• To enable the construction of large mosaics with the ATA

Images courtesy of Steve Croft
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• The shape of the actual beam may not match the predictions
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• The theoretical FWHM value is reasonable, and matches our results, results from Hex-7
ATA calibration observations, and results using beam holography [2].
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Fig. 2: The graph of a Gaussian
calculated between two fluxdistance pairs
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Fig. 4: Left: Values of r1/r2 for all point pairs. We trimmed
all values ≥ 0.6. Right: A histogram of calculated FWHM
values for all point pairs, before trimming. Notice the long
tail of discrepantly large FWHM values.
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7. FUTURE WORK
• Characterize the beam’s ellipticity and angle as a function of Az/El
• Apply results to Square Kilometer Array simulations of mosaicking
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