
 

 

 

This work was written as part of one of the author's official duties as an Employee of the United 
States Government and is therefore a work of the United States Government. In accordance 
with 17 U.S.C. 105, no copyright protection is available for such works under U.S. Law. Access to 
this work was provided by the University of Maryland, Baltimore County (UMBC) 
ScholarWorks@UMBC digital repository on the Maryland Shared Open Access (MD-SOAR) 
platform.  

 

Please provide feedback 

Please support the ScholarWorks@UMBC repository by 
emailing scholarworks-group@umbc.edu and telling us 
what having access to this work means to you and why 
it’s important to you. Thank you.  
 

mailto:scholarworks-group@umbc.edu


VLBI OBSERVATIONS OF THE GIGAHERTZ-PEAKED SPECTRUM GALAXY PKS 1934�638

Roopesh Ojha

Australia Telescope National Facility, CSIRO, P.O. Box 76, Epping, NSW 1710, Australia; rojha@atnf.csiro.au

Alan L. Fey and Kenneth J. Johnston

US Naval Observatory, 3450 Massachusetts Avenue, NW, Washington, DC 20392-5420

and

David L. Jauncey, Anastasios K. Tzioumis, and John E. Reynolds

Australia Telescope National Facility, CSIRO, P.O. Box 76, Epping, NSW 1710, Australia

Received 2003 November 7; accepted 2004 January 8

ABSTRACT

We present 8.4 GHz VLBI observations of the gigahertz-peaked spectrum source PKS 1934�638 made with the
Australian Long Baseline Array. Our observations confirm the compact double nature of the source and yield
measured separations of 42:7 � 0:4 mas at epoch 2002 July and 42:6 � 0:3 mas at epoch 2002 November,
which, when combined with previous observations, yield a rate of separation of 23 � 10 �as yr�1. This result
suggests that over a timescale of 32.1 yr, the separation of the two components has changed marginally. Nomi-
nally, this provides support to the emerging consensus that compact symmetric objects (CSOs) are young sources.
Our measurement of hot spot separation has, to our knowledge, the longest temporal coverage for a CSO reported
in the literature.

Key words: galaxies: active — galaxies: individual (PKS 1934�638) — galaxies: jets —
galaxies: kinematics and dynamics

1. INTRODUCTION

Gigahertz-peaked spectrum (GPS) radio sources are powerful
(Lradio � 1045 ergs s�1), compact (10–100 mas, 10–1000 pc)
objects with a characteristic narrow convex spectrum that peaks
in a range of about a decade around 1 GHz (O’Dea, Baum, &
Stanghellini 1991). The spectrum often has a very steep low-
frequency turnover, thought to result from either synchro-
tron self-absorption (Slysh 1963; Kellerman 1966; Readhead
et al. 1996) or external absorption (induced Compton [Bicknell,
Dopita, & O’Dea 1997] or free-free [Kuncic, Bicknell, &
Dopita 1998]). GPS sources exhibit low fractional polarization
(Stanghellini et al. 1998) and low flux variability and include
both quasars and galaxies. Compact steep-spectrum (CSS)
sources (Fanti & Spencer 1995) share most properties of GPS
sources but are larger (1–20 kpc) and peak at lower frequencies
(<500 MHz).

GPS quasars, which are found in similar numbers to GPS
galaxies, are frequently found at higher redshifts (1P zP 4)
than GPS galaxies, which is consistent with some Doppler
boosting of the centimeter-wavelength radio emission in the
quasars. GPS quasars show core-jet or complex structures and
may appear shortened by projection. GPS galaxies tend to be
at redshifts 0:1P zP 1. GPS galaxies are also larger and often
doubles or triples, with the central compact component the
putative center of activity. Thus, GPS radio galaxies meet the
definition of compact symmetric object (CSO), a term used to
describe subkiloparsec-scale extragalactic radio sources with
symmetric radio structure (Wilkinson et al. 1994). Although
all GPS galaxies have the simple double or triple structure of a
CSO, the more structurally complex CSOs do not have a GPS
spectrum. In general, GPS quasars are not CSOs, and they
may constitute a separate class of objects altogether (O’Dea
1998 and references therein).

The source PKS 1934�638 is a GPS radio galaxy of mag-
nitude 18.9 at a redshift of 0.183 (Penston & Fosbury 1978).
Jauncey et al. (1986) found the radio source to be within 0B1
of the center of the brighter of a pair of compact galaxies that
are 2B9 apart, which share a common low surface brightness
envelope.

The source PKS 1934�638 was first reported to have an
unusual ‘‘curved’’ spectrum by Bolton, Gardner, & Mackey
(1963). They found a peak flux of 15.6 Jy at a frequency close
to 1.4 GHz. This peak frequency was confirmed by observa-
tion at several frequencies between 0.3 and 5GHz byKellerman
(1966), who found a spectral index of approximately �1.2 at
higher frequencies with a steep drop in flux density with de-
creasing frequency. Slysh (1963) showed that if this drop in
flux density below 1 GHz is due to self-absorption, then the
source must be small and most likely quite young.

Gubbay et al. (1971) made the first VLBI observations of this
source. They modeled its morphology as a double source, with
similar-sized components separated by 41:9 � 0:2 mas at a
position angle 90� � 1�. Their modeling raised the possibility
of a third, weak, point component. Subsequent VLBI obser-
vations made by the Southern Hemisphere VLBI Experiment
(SHEVE; Preston et al. 1989) are reported in Tzioumis et al.
(2002, 1989) and King (1994). These observations confirm the
near-equal compact double nature of this source but also model
an elongated component aligned with and connecting the two
compact components. While their data allow the possibility of a
weak core between the two main components, there is little
evidence for its existence.

The two main components of PKS 1934�638 correspond to
the ‘‘hot spots’’ commonly found at the extremities of CSOs.
Hot spots are identified with the working surface of jets as they
propagate through the ISM. Measurements of the proper mo-
tion of hot spots are of great astrophysical interest; not only do
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they constrain the dynamics of radio source evolution, they
also provide the most direct way of estimating the age of a
CSO. Such estimates enable us to discriminate between the
different scenarios for the origin of CSOs (see x 4).

Early measurements or limits on hot spot velocity (Tzioumis
et al. 1989; Conway et al. 1994) in CSOs suggested very small
separation rates making multiepoch observations over the
longest possible time period critical for reliable estimates. In
this paper, we evaluate measurements of hot spot separation for
PKS 1934�638 over a time baseline of 32.1 yr, which, to our
knowledge, is the longest temporal coverage for a CSO
reported in the literature.

2. CURRENT OBSERVATIONS

The source PKS 1934�638 was observed at a frequency of
8.4 GHz using the five telescopes that make up the Australian
Long Baseline Array (LBA)1 in 2002 July and November.
Details of these telescopes are summarized in Table 1. At our
observing frequency of 8.4 GHz, this array yielded an angular
resolution 4.0 by 3.6 mas (3.8 by 2.9) in size with major axis
at position angle �76� (70�) at the first (second) epoch.
These observations are part of an ongoing project to image
International Celestial Reference Frame (ICRF) (Ma et al.
1998) extragalactic radio sources located in the southern
hemisphere. The target source was observed in 11 (10) scans of
approximately 7 minutes each on 2002 July 17 (November 15).

The data were recorded in S2 format (Cannon et al. 1997)
and correlated at the Australia Telescope National Facility
(ATNF) correlator in Sydney (Wilson, Roberts, & Davis
1995). The correlated data were processed using the National
Radio Astronomy Observatory’s (NRAO) Astronomical Im-
age Processing System (AIPS) software (Bridle & Greisen
1994; Greisen 1988). The data were loaded using the locally
written AIPS task ATLOD, which is needed to read the data in
the format that the LBA generates. Thereafter, data inspection,
initial editing, and fringe fitting were done in the standard
manner using AIPS.

Overall amplitude calibration was improved by using
observations of sources known from existing VLBA images to
be compact (Fey, Clegg, & Fomalont 1996), with �90% of
their correlated flux in a compact core. A single amplitude
gain correction factor was derived for each antenna based on
fitting a simple Gaussian source model to the visibility data of
the respective compact source after applying only the initial
calibration based on the measured system temperatures and
gain curves. Gain correction factors were calculated based on
the differences between the observed and model visibilities.

The resulting set of amplitude gain correction factors was then
applied to the visibility data of the target sources.
The visibility data for PKS 1934�638 at both epochs were

Fourier inverted and CLEANed using the Caltech DIFMAP
package (Shepherd 1997). The data were then self-calibrated
following the hybrid imaging technique of Pearson&Readhead
(1984) to correct for residual amplitude and phase errors.

3. RESULTS

A contour plot of our 8.4 GHz, naturally weighted image
of PKS 1934�638 at epoch 2002 November 15 is shown in
Figure 1. This image shows a nearly equal-brightness double-
component structure. To obtain estimates of the parameters of
the source, Gaussian component models were fitted to the vis-
ibility data from both epochs using the model fitting routine in
Difmap. The fitted models are reported in Table 2. At both
epochs, the source is well fitted by two Gaussian components
separated by approximately 43 mas with the western compo-
nent at a position angle of about�92

�
. The western component

is about 70% of the brightness of the eastern component. The
eastern component is elongated with its major axis along po-
sition angle �80

�
. The western component is marginally re-

solved. There is no sign of a compact core between the twomain
components. We also do not see the extended component
reported by Tzioumis et al. (1989) at 2.3 GHz. This might be
because this component has a steeper spectrum than the main
components. As the structure of PKS 1934�638 is so similar at
both observing epochs, we do not show the image from epoch
2002 July.
The small number of antennas and the limited number of

short baselines available with the LBA limit the dynamic
range of our images. In particular, only 65% of the total flux
density of 2.78 Jy is accounted for in our VLBI image at
epoch 2002 July. At epoch 2002 November, when the syn-
thesized beam is smaller, this decreases to about 50%. This
strongly suggests the presence of extended, low surface
brightness structure that the LBA is not able to register.
However, this result is strongly dependent on the reliability of
the amplitude calibration of the data, which is estimated to be
good to about 20%.

4. DISCUSSION

In order to investigate the kinematics of the source, we
searched the literature for all available values of component
separation. These, as well as our current results, are listed in
Table 3 and plotted in Figure 2. We used a conservative esti-
mate of one tenth of the synthesized beamsize to calculate the
error in our separation measurements. Although the separation
measurements listed in Table 3 were made at two different
frequencies, there are a number of reasons to believe the fol-
lowing analysis is reliable. First, the observed structures at the
two frequencies are very similar and are centrally peaked.
Second, at both 2.3 and 8.4 GHz, PKS 1934�638 has a steep
spectrum and thus is unlikely to possess optically thick com-
ponents. Hence, the structure at 2.3 GHz is likely to be similar
to that at 8.4 GHz. Finally, it has been shown (Polatidis &
Conway 2003) that when a GPS source is monitored at more
than one frequency, the derived velocities are similar. None-
theless, we cannot completely rule out the possibility that the
change in separation we see is a result of a systematic shift in
the position of the two components due to optical depth effects
at the two observing frequencies.
We fit a linear function to the separation measurements to es-

timate the propermotion and obtained a value 23 � 10�as yr�1.

TABLE 1

Long Baseline Array

Telescope

Diameter

(m) Location

Parkes ................... 64 Parkes, New South Wales

ATCA ................... 5 ; 22 Narrabri, New South Wales

Mopra................... 22 Coonabarabran, New South Wales

Hobart................... 26 Mount Pleasant, Tasmania

Ceduna ................. 30 Ceduna, South Australia

1 The Long Baseline Array is part of the Australia Telescope, which is
funded by the Commonwealth of Australia for operation as a National Facility
managed by CSIRO.
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This fit is shown as a solid line in Figure 2. Note that for this fit,
we did not use the separation measurements at epochs 1988.9
and 1991.9 as therewere no reported errors. If we assume a value
of 0.3mas for the error in separation for both of these epochs and
include them in the fit, we get a value of 20 � 9 �as for the
proper motion, which is entirely consistent with the former re-
sult. However, for the rest of the discussion, we use the value
from the fit to only the points with reported errors.

At a redshift of z ¼ 0:183 (Penston & Fosbury 1978) and
for H0 ¼ 100 h�1 and q0 ¼ 0:05 (hereafter, we assume these
values for all calculations), our measured proper motion yields
an apparent separation velocity of �app ¼ ð0:18 � 0:08Þ h�1.

This marginal (�2 �) detection of proper motion over 32.1 yr
is of the same order as the proper motions of other CSOs
reported by Polatidis & Conway (2003).

The angular separation between the two components cor-
responds to a projected linear separation of 88 h�1 pc. To
obtain an estimate of the kinematic age, we divided the
linear separation by the estimated proper motion. For �app ¼
ð0:18 � 0:08Þ h�1, this results in a minimum kinematic age
for this source of �1600 yr. Evaluating this at the 1 � points,
we get a lower limit of 1100 yr and an upper limit of 2900 yr
for the minimum kinetic age, although a zero proper motion
(and effectively infinite age) cannot be entirely ruled out. This

Fig. 1.—LBA image of PKS 1934�638 at 8.4 GHz observed on 2002 November 15. The contour levels are �1, 1, 2, 4, 8, 16 times 0.0135 Jy beam�1 (3 �).

TABLE 2

Gaussian Models Fitted to PKS 1934�638
a

Epoch Component

S

(Jy)

r

(mas)

�

(deg)

a

(mas) b/a

�

(deg)

2002.5............. 1 1.020 0.0 . . . 4.85 0.32 81

2 0.773 42.7 �92 3.21 1.00 . . .

2002.9............. 1 0.816 0.0 . . . 4.93 0.53 81

2 0.542 42.6 �92 3.56 1.00 . . .

a The models fitted to the visibility data are of Gaussian form with flux density S and FWHM major axis a
and minor axis b, with major axis of position angle � (measured north through east). Components are
separated from the (arbitrary) origin of the image by an amount r in position angle �, which is the position
angle (measured north through east) of a line joining the components with the origin.
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age and its limits are consistent with the ages of other CSOs
reported by Polatidis & Conway (2003).

The above calculation assumes the linear separation rate is
uniform over the lifetime of the source. It is possible that the
source may be expanding at varying rates with most of the
expansion occurring in rapid bursts when a low-density me-
dium is encountered. If we happen to be measuring the ex-
pansion speed during such a burst, the above age would be an
underestimate. While this cannot be ruled out for any individual
source, the existence of comparablemeasured expansion speeds
for a high fraction of other GPS sources (Polatidis & Conway
2003) would suggest this expansion rate is likely to be repre-
sentative of the mean expansion rate for this source.

Phillips & Mutel (1982) first proposed the ‘‘youth’’ scenario,
suggesting CSOs were young sources that would evolve into
classical double sources. They cited the ‘‘striking resemblance’’
in the morphology and spectra of compact and extended sym-
metric sources as proof that the same basic physical processes
drive both types of objects. Further, they explained the ob-
served lower (compared to compact doubles) turnover fre-
quencies of extended doubles in terms of a mechanism that
maintains the electron energy distribution in the radio lobes. So
as the lobes expand, they become optically thin, and the turn-
over frequency decreases.

CSOs could also be ‘‘frustrated’’ sources (Carvalho 1994,
1998) confined by a dense and turbulent environment that
inhibits their growth. Up to a tenth of GPS sources show diffuse
extended radio emission, which could be evidence of episodic
nuclear activity (the diffuse emission being the remnants of
earlier episodes) or an indication of a recent sharp increase in
gas density, with this dense clumpy medium restricting the jet
to the nuclear region. The latter idea is supported by optical
evidence for galaxy interaction or mergers in GPS sources
(Stanghellini et al. 1993; O’Dea et al. 1996). Such confined
radio sources would not be young but have ages comparable to
extended doubles.
Readhead et al. (1994) argue that for CSOs to be precursors

of Fanaroff-Riley II (FRII) objects (Fanaroff & Riley 1974), the
former would need to evolve in jet power, narrow line lumi-
nosity, and radio luminosity by implausibly large factors. They
cite the possibility of strong cosmological evolution in CSOs
(which Fanaroff-Riley I objects do not exhibit), as well as
morphological differences between CSO objects and the central
components of FRIs (as well as FRIIs), to rule out CSOs as
precursors of FRI objects as well. Thus they suggest that some
CSOs could be young sources that die young. O’Dea & Baum
(1997) find that the radio power of GPS and CSS sources must
decrease with linear size more rapidly than it does for large
sources, suggesting that the GPS/CSS sources may evolve into
much weaker objects. They find that their sample of GPS
sources cannot be the progenitors of classical doubles, although
they might evolve into FRI sources. However, Snellen et al.
(2000) and Alexander (2002) suggest that self-similarity is an
important characteristic of the growth of CSOs (at least on long
timescales; see Tschager et al. 2000). Snellen et al. (2000) show
that CSOs could evolve into large radio sources, if the indi-
vidual luminosity development of the former is qualitatively
different from that of the latter, resulting in a flatter overall
luminosity function. They envisage an increase in radio power
until the source grows beyond a certain size, after which the
radio power declines. In such a scenario, a randomly aged
sample of CSOs will be biased toward higher luminosities than
a sample of large radio sources. This is consistent with the
theoretical picture (Alexander 2000) of a flat density profile in
the core of the host galaxy, with a decrease in density outside
this core.
A fourth possibility is that CSOs show intermittent radio

activity on timescales of �104–105 yr (Reynolds & Begelman
1997). In this scenario, the radio luminosity of a source will
decline rapidly during the first few inactive periods, but the
source will remain intact as it can maintain highly supersonic
expansion.

Fig. 2.—Component separation as a function of observation epoch for the
GPS source PKS 1934�638. These values are listed in Table 3. Triangles and
circles indicate measurements made at 2.3 and 8.4 GHz, respectively. The
values at epochs 1988.9 and 1991.9 are reported in the literature without error
bars and are plotted accordingly. They are not included in the fit for proper
motion shown here.

TABLE 3

VLBI Component Separations for PKS 1934�638

Epoch

Separation

(mas)

Position Angle

(deg)

Frequency

(GHz) Reference

1970.8............................ 41.9 � 0.2 �90 � 0.1 2.3 1

1982.3............................ 42.0 � 0.2 �90.5 � 0.1 2.3 2

1988.9............................ 41.3 �89 2.3 3, 4

1991.9............................ 42.3 �88 8.4 3, 4

2002.5............................ 42.7 � 0.4 �92 � 0.5 8.4 5

2002.9............................ 42.6 � 0.3 �92 � 0.4 8.4 5

Note.—For ease of comparison, the position angles from the literature have been quoted in the
sense north through east, the convention used in this paper.

References.—(1) Gubbay et al. 1971; (2) Tzioumis et al. 1989; (3) King 1994; (4) Tzioumis et al.
2002; (5) this paper.
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Taken at face value, our marginal detection of proper mo-
tion suggests that PKS 1934�638 is probably a young object.
Apart from measurements of hot spot separation in this and
other sources, this conclusion is supported by estimates of
spectral age (Readhead et al. 1996; Murgia et al. 1999; Murgia
2003), which give similar results. The assumption of mini-
mum energy and equipartition between particles and fields in
CSOs draws support from the agreement noted here.

The lack of a detected core in PKS 1934�638 prevents us
from measuring any difference in speed between the two
hot spots. Such differences have been detected in a few cases
(Owsianik & Conway 1998) and suggest variation of hot spot
speed, which may result from hydrodynamically induced in-
ternal pressure changes or changes in density of the ambient
material. Even if detected (by deeper imaging and/or observ-
ing at higher frequencies), the core is likely to be weak, so
detailed proper motion study will require phase referenced
observations. Such observations would also address the issue
of ‘‘side-to-side’’ motion of a hot spot (Scheuer 1982).

5. CONCLUSIONS

Our measurement of hot spot separation in PKS 1934�638
over 32.1 yr implies it is probably a young object. This result
agrees with other kinematic and spectral age estimates for this
and other CSOs. Thus, CSOs are likely to evolve into classical
double sources, which have a similar morphology, simply scaled
up by a factor of about 1000, or they may be young sources with
a short lifetime. In addition, this result strongly constrains the
formation and acceleration of jets by suggesting that they exist
within�1000 yr of a source ‘‘turning on.’’ Further observations,
preferably using phase referencing, are necessary to confirm or
refute these results, to address different hot spot speeds in the
same source, to look for side-to-side motions, and to measure
any changes in hot spot separation velocity.

This research has made use of NASA’s Astrophysics Data
System Abstract Service.
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