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VLBI Observations of 416 Extragalactic Radio Sources

D. D. Morabito, A. E. Niell!, R. A. Preston,
R. P. Linfield, A. E. Wehrle2, and J. Faulkner3

Tracking Systems and Applications Sections

The Deep Space Network is establishing a high-accuracy VLBI celestial reference
frame. This article presents VLBI results of observations of 416 radio sources with
declinations north of —45 deg which have been conducted at frequencies of 2.3 GHz and
8.4 GHz. At 2.3 GHz, 323 of 391 radio sources observed were detected with a fringe
spacing of 3 milliarcsec and a detection limit of ~0.1 Jy. At 8.4 GHz, 278 of 416 radio
sources were detected with a fringe spacing of 1 milliarcsec and a detection limit of
~0.1 Jy. This survey was conducted primarily to determine the strength of compact
components at 8.4 GHz for radio sources previously detected with VLBI at 2.3 GHz.
Compact extragalactic radio sources with strong correlated flux densities at both fre-
quencies are used to form a high-accuracy reference frame.

l. Introduction

Very Long Baseline Interferometry (VLBI) observations of
416 radio sources have been conducted at frequencies of
2.3 GHz and 8.4 GHz. The observations were performed on
two intercontinental baselines composed of antennas of the
NASA Deep Space Network (California-Spain and California-
Australia). This survey was designed primarily to identify
compact radio sources at 8.4 GHz. The observed sample was
chosen mainly from sources which had already shown compact
structure at 2.3 GHz on similiar VLBI baselines. Such compact
sources are required for the VLBI reference frame used for
planetary spacecraft navigation, geodesy, astrometry, and
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remote clock synchronization. With observation at dual fre-
quencies (e.g., 2.3 GHz and 8.4 GHz), charged particle effects
can be virtually eliminated in these studies. The investigation
of the nature of these compact objects can also be aided by
this survey, which complements similar previous surveys at
2.3 GHz (Refs. 1,2).

ll. Observed Sample

A high density of suitable VLBI sources is necessary in the
ecliptic region for differential VLBI measurements of space-
craft motion and planetary dynamics. Within +10 deg of the
ecliptic, all 101 sources from a 2.3 GHz ecliptic VLBI survey
(Ref.2) and a 2.3 GHz fullsky VLBI survey (Ref. 1) with
2.3 GHz correlated flux densities greater than 0.3 Jy were
included in our observations.

For other VLBI studies in geodesy, astrometry and clock
synchronization, a much broader sky distribution of compact

69



radio sources is required. For the region outside of the *10
deg band of the ecliptic with declinations of less than —45
deg, 113 out of 135 sources in the 2.3 GHz full-sky survey
(Ref. 1) with 2.3 GHz correlated flux densities greater than
0.3 Jy were included in our observations.

Also selected for observation were 202 additional sources,
most of which had been previously observed in either the
ecliptic or fullsky VLBI surveys but which had correlated
flux densities at 2.3 GHz less than 0.3 Jy.

lIl. Observations and Data Reduction

The station and baseline characteristics are listed in Table 1.
Nineteen observing sessions involving VLBI baselines consist-
ing of station pairs listed in Table 1 were conducted from
October 1981 to August 1984. Each source was observed for
at least 3 minutes. Data were taken at 2.3 GHz and 8.4 GHz
on alternating seconds for all experiments except one, which
observed at 8.4 GHz only. Typical 8.4 GHz (u, v) points were
(2.3 X 108 A, 2.0 X 10% A) on the Goldstone-Madrid baseline
where generally high declination sources were observed, and
(2.1 X 108 A, 2.1 X 108 A) on the Goldstone-Tidbinbilla base-
line where generally low declination sources were observed,
where the spatial frequency in the east-west direction is
denoted by u and in the north-south direction is denoted by v.
The interferometers were sensitive to compact components
smaller than the minimum fringe spacing of ~3 milliarcsec
at 2.3 GHz and ~1 milliarcsec at 8.4 GHz.

The Mark 11 VLBI recording system (Ref. 3) was used to
record the data. Digital sampling and phase stability were
controlled by a hydrogen maser or rubidium frequency stan-
dard at each station. System temperatures either were mea-
sured at both antennas and both frequencies for each observa-
tion or were estimated using appropriate temperature versus
elevation angle curves along with measured zenith system
temperatures and approximate knowledge of the total flux
densities of the sources. Standard flux density calibration
sources for 2.3 GHz (Ref. 4) and 84 GHz (Ref. 5) were
observed during most observing sessions to determine antenna
sensitivity (efficiency) for use in flux density calibration.
When such observations were not performed, nominal antenna
sensitivities were used in the calibration. Right circular polar-
ization was used for the observations.

The data tapes were correlated on the California Institute
of Technology/Jet Propulsion Laboratory Mark II VLBI pro-
cessor. Correlated flux densities were calculated in the manner
described in a previous report (Ref. 6). The 5.0 2.3 GHz
detection limit for most observations (~60 sec coherent
integrations) was ~0.1 Jy, although for longer integrations it
reached ~0.05 Jy. The 5-0 detection limit at 8.4 GHz was
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usually about ~0.15 Jy, although for longer observations it
reached ~0.05 Jy. Random noise error was about ~0.02 Jy
at 2.3 GHz and ~0.03 Jy at 8 4 GHz, but systematic errors in
calibration of about 10 percent were the major sources of
error for most observations. Because most sources have pre-
viously been detected at 2.3 GHz, positions accurate to 0.3
arcsec were available for 294 of the sources (Refs. 7-10),
thus minimizing the search in delay and delay rate space.
For previously unobserved sources, the search window was
about +30 arcsec at 2.3 GHz.

IV. Results and Discussion

The correlated flux densities at 2.3 GHz and 8.4 GHz for
416 extragalactic radio sources are presented in Fig. 1. Notes
concerning the entries in that figure appear below:

Notes
1 Source name

2/3 J2000 position (2000.0 Barycenter Equatorial
Coordinate System). Asterisked positions have
typical uncertainties of 0.3 arcsec and are from
Refs. 7-10. Other positions are from the literature,
and in most cases, errors are less than 30 arcsec.

4 Number of 2.3 GHz observations. If blank, there
was only one observation.

5 Correlated flux density at 2.3 GHz (13.1 cm). If there
was more than one observation, the value given is an
average over all observations. If the value is preceded
by a “<” sign, the object was not detected and the
value given is the 5-¢ upper limit to the correlated
flux density. For sources with multiple observations
and no detections, the lowest of the upper limits is
given.

6 Lowest value for the 2.3 GHz correlated flux density
for sources with multiple observations.

7 Highest value for the 2.3 GHz correlated flux density
for sources with multiple observations.

8 Number of 8.4 GHz observations. If blank, there
was only one observation.

9 Correlated flux density at 8.4 GHz (3.6 cm). If there
was more than one observation, the value given is an
average over all observations. If the vatue is preceded
by a “<” sign, the object was not detected and the
value given is the 5-0 upper limit to the correlated
flux density. For sources with multiple observations
and no detections, the lowest of the upper limits is
given.




Column Notes

10 Lowest value for the 8.4 GHz correlated flux density
for sources with multiple observations.

11 Highest value for the 8.4 GHz correlated flux density
for sources with multiple observations.

At 2.3 GHz, 323 of 391 (83%) radio sources observed
were detected with a fringe spacing of 3 milliarcsec and a
detection limit of ~0.1 Jy. At 8.4 GHz, 278 of 416 (67%)
radio sources were detected with a fringe spacing of 1 milli-
arcsec and a detection limit of ~0.1 Jy. Readily apparent is
the higher percentage of objects detected at 2.3 GHz. The
lower fraction of sources detected at 8.4 GHz is primarily due
to the fact that the sources were originally selected for obser-
vation from low frequency surveys. Figure 2 is a sky plot of all
278 detected objects at 8.4 GHz. Figure 3 displays a histogram
of the flux densities at both 2.3 GHz and 8.4 GHz. The

distributions of the flux densities for the two observing
frequencies are very similar.

Evident in the large deviations between the low and high
values of correlated flux density in Fig. 1 of the multiply
observed sources is the high degree of variability. Source
variability is due to (1) resolvable source structure observed
at different inteferometer hour angles and (2) intrinsic changes
in source strength. The difference between the high and low
correlated flux densities for multiply observed sources com-
pared to the measurement errors discussed in Section II gives
a measure of source variability over the available observations.

Only seven of the sources previously detected at 2.3 GHz
(Refs. 1,2) were not detected at either frequency in this
survey. Four of these sources (3C 2, 3C 66B, P 1317+019 and
P 2145-17) were previously detected at 2.3 GHz with very
weak flux densities (~0.06 Jy) consistent with the detection
threshold (~0.1 Jy). The other three sources (P 0122-00,
P 0922+005, and P 1143-245) were previously detected at
higher flux densities.
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Table 1. Observed stations and baselines

Length, 108 A

Location Designation Diameter, m Baseline, km
2.3 GHz 8.4 GHz

Tidbinbilla, DSS 43 64
Australia

L 10.6 x 103 77 295
Goldstone, DSS 14 64 |
California DSS 13 26

L 84x 103 61 233
Madrid, DSS 63 64l

Spain DSS 61 34f
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Fig. 2. Sky plot of 278 detected objects at 8.4 GHz
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CORRELATED FLUX DENSITY, Jy

Fig. 3. Correlated flux density histogram for 2.3 GHz and

8.4 GHz observations




