ATA Memo 75

Handbook of 1.4 GHz Phase Calibrators for ATA
G. R. Harp

This document is a reference for choosing phase calibrators at the ATA. Simulated snapshots of
the 70 brightest source fields are shown, along with information relating to their suitability for
calibration at different frequencies. The simulations are based upon the NRAO VLA Sky Survey
which was performed at 1.42 GHz. At other frequencies (e.g. 5 GHz) this book is still helpful as
guidance, though calibrators must themselves be characterized for accurate work.

Introduction

The ATA is unique because of its large field of view (FOV) in the cm wavelength range;
e.g. 2.5° diameter to the half-power point at 1.42 GHz, and approximately 5° diameter to
the first primary beam minimum. The large FOV is an important reason why the ATA is
excellent for survey work and measurement of large scale structures on the sky.

To effectively use the ATA, we must re-think our usual procedures relating to calibration
because the large FOV means that no point source on the sky can really be considered
isolated from background sources. As we show in the pages of this book, even strong
continuum sources like Virgo A have enough integrated flux in their vicinity to make
simple, point source calibration dubious.

In this memo we characterize potential calibrators by simulating 5 degree fields
surrounding 70 bright sources. The simulations use the NRAO VLA Sky Survey (NVSS)
catalog which contains approximately 1.8 million point sources with flux densities as low
as 2.5 mJy. The observations for NVSS had approximately 0.75” resolution. [J. J. Condon,
et al. (1998), “The NRAO VLA Sky Survey,” Astrophysical Journal. 115: 1693.] It is
worth noting that the NVSS catalog may be browsed directly at
http://www.cv.nrao.edu/nvss/NVSSlist.shtml where source lists are generated

surrounding a designated target.

These simulations are generated by first choosing a bright source which serves as the
field center. The sources of the NVSS catalog are culled to retain only those within the
primary field of view, which is simulated by a 2.46° full width at half maximum
(FWHM) Gaussian. The retained flux densities are weighted by the simulated primary
beam pattern and each point source convolved with a Gaussian synthetic beam having
FWHM of 1°, which is slightly smaller than the expected ATA 350 synthetic beam
diameter of 1.5” at 1.42 GHz.

This book is organized with one bright calibrator per page and ordered by increasing
right-ascension of the source. On each page is an image of the calibrator and some
information regarding its suitability for phase calibration as a function of primary beam
diameter. Primary beam diameter (FWHM) can be approximately related to frequency f
using the following formula
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3.5

FWHM,,, = (1.1)

GHz

The sources were chosen by globally ordering the NVSS survey sources according to flux
density and keeping the top 100 sources. In some cases, strong sources that are found to
be close together, and the fields for these were combined into single fields centered at a
position near the source ‘center of mass.” The resultant list has about 70 independent
fields. The data are summarized in Table 1.

The table contains most of the brightest fields in the NVSS catalog down to around 100
Jy. Beyond the total (weighted) flux density in the 150 field, the most important figure
of merit is the flux density in the central region of the field. The central region is defined
as a circle with 500” or approximately 8’ diameter.

Despite the fact that these are the strongest VLA sources, the flux in this central region
often cannot be called the overwhelmingly dominant source in the field. This is a fact that
users of the ATA must face up to: when using “point source” calibrators to self-calibrate
the telescope, it may be necessary to clean the calibrator in the image plane and iterate
the calibration to optimize the results.
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Table 1
Source Name Right Declination Field Half Flux in whole  Flux in central
Ascension Width field (150" &) region (8’ &)
at 1.4 GHz
Decimal Decimal Degrees Jy Percent

Hours Degrees
0.43 -26.04 25 125 51%
0.72 52.06 25 144 59%
0.93 68.37 25 151 37%
1.15 13.31 25 167 58%
3c48 1.63 33.16 25 169 69%
2.09 64.83 25 290 78%
2.44 62.18 25 382 24%
3.32 16.48 25 114 48%
3c84 3.33 41.51 25 278 60%
3cl11 4.31 38.03 25 155 68%
3c119 4.54 41.64 2.5 125 57%
3c123 4.62 29.67 2.5 429 84%
3c138 5.35 16.64 2.5 105 61%
5.38 -36.46 2.5 164 78%
Crab — TauA 5.58 22.01 2.5 6968 71%
5.59 -5.39 25 1757 84%
5.7 -1.91 25 423 58%
3c147 5.71 49.85 25 222 75%
6.45 -5.89 25 189 73%
7.74 -6.49 25 109 54%
8.23 48.22 25 174 63%
8.58 55.57 25 107 56%
HydA 9.3 -12.1 25 346 86%
11.5 -14.82 25 94 44%
3c273 12.49 2.05 2.5 454 63%
3c274 - VirA 12.51 12.39 2.5 1262 83%
3c279 12.94 -5.79 2.5 107 66%
3c287 13.51 25.15 2.5 103 50%
3c286 13.52 30.51 25 185 58%
13.79 12.29 25 83 47%
3c295 14.19 52.2 25 213 7%
3c309.1 14.99 71.67 25 99 55%
3c345 16.72 39.81 2.5 116 45%
HerA 16.85 4.99 25 394 85%
17.3 -37.44 25 892 15%
3c353 17.34 -0.98 2.5 483 83%
17.35 -35.82 2.5 923 10%
17.41 -34.18 2.5 767 24%
17.55 -13.08 2.5 92 47%
17.67 -30.98 2.5 651 22%
SgrA 17.77 -29.03 25 3382 5%

Table 1: Summary table of all sources in this study.
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Source Name Right Declination Field Half Flux in whole  Flux in central
Ascension Width field (150’ @) region (8' &)
at 1.4 GHz
Decimal Decimal Degrees Jy Percent
Hours Degrees
18.16 -20.32 25 614 41%
18.24 -17.93 25 382 24%
3c380 18.49 48.75 2.5 150 67%
18.52 -36.04 2.5 102 51%
18.56 -21.06 25 133 60%
18.64 -6.8 25 533 19%
18.79 -1.92 25 600 30%
19.03 1.22 25 280 36%
3c395 19.05 31.99 25 81 29%
19.18 9.1 25 710 21%
W51 19.39 14.49 25 814 46%
19.41 -29.24 25 176 53%
CygA 19.99 40.73 25 12018 97%
20.24 23.58 25 151 66%
20.46 37.38 25 275 26%
20.64 51.32 25 101 44%
21.31 60.8 25 115 49%
21.4 25.07 25 125 62%
22.1 -18.59 25 104 45%
3c446 22.43 -4.95 25 102 53%
22.54 11.73 25 98 52%
3c454.3 22.9 16.15 25 152 60%
23.23 61.5 25 314 65%
CasA 23.39 58.81 25 13566 94%

Table 1, continued: Summary table of all sources in this study.
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What follows below is a picture book of all the fields in Table 1, simulated from the
NVSS catalog using the ATA primary beam at 1.42 GHz. Figure 1 points out the salient
features of these images.

07.73935-6.433302

\ Field center

RA, Dec

Field of View Full range of

\ color bar \

A E Ll width = 5 deg

Log 30.0 d|

Figure 1: Example field from the picture book.

All fields are displayed with a logarithmic gray scale spanning 30 dB. Three contour
levels are shown in each image at -10 dB, -20 dB, and -30 dB relative to the peak
intensity (generally, the peak is at image center).

How to use this book:

First consult the table for a list of calibrators in the vicinity of your target field. Check the
flux and center-flux to decide how long you may need to integrate on the calibrator to
obtain good statistics. We don’t have the spectral index of these sources (yet), so at
frequencies far from 1.42 GHz the relative brightness of the continuum sources in a field
may change. Most extragalactic sources have a decreasing flux density with increasing
frequency with spectral index = 0.7. Hence the loss in flux at frequency f may be
estimated from

-0.7
Flux at f,,, =Flux at 1.42 GHz * o :
1.42
(1.2)

If you are observing at a frequency different from 1.42 GHz, estimate the ATA primary
beam diameter using Eqg. (1.1). You may wish to draw a circle on the calibrator image
representing the full width of the ATA primary beam at your frequency. Examine the
field images of these calibrators to see if there are strong sources at the edge of the field
which may confuse the calibration. Remember that the ATA primary beam pattern is not
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well characterized at the edge of the field, so calibrators with strong sources at the field
edge should be avoided.

Finally, you may wish to generate your own simulations of the continuum radiation at
your chosen frequency for both your target field and your chosen calibrator. This can be
done in the ATA control system using the command “atafield.” To begin, log in to
one of the ATA control computers, type the command atafield at the command line
prompt. This will display a list of options that may be used in the simulation. For
example:

atafield 11.501959,-14.824275 --fov 5.0 --size 640 --log 30 --negative

This example was taken directly from the script that generated all of the images in this
book. Change the FOV for your own frequency, and keep in mind that no matter what
FOV you choose, the simulation is always at 1.42 GHz.

Citations:

If you include substantive results of these simulations in a published paper, it is important
to give credit to the authors of the NVSS survey by citing:

J. J. Condon, et al. (1998), “The NRAO VLA Sky Survey,” Astrophysical Journal.
115: 1693.

Similarly, you may make reference to this memo:

G. R. Harp (2007), “Handbook of 1.42 GHz phase calibrators for the ATA,” ATA
Memo Series 75.

Acknowledgement: The author gratefully acknowledges Rick Forster for critical reading
and several helpful additions to the text.

The picture book follows.
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