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Abstract. We present VLBI observations at 5 GHz of
11 GHz Peaked Spectrum (GPS) or candidate GPS
sources. Two of them belong to the complete sample de-
fined by Stanghellini et al. (1998) (the GPS 1 Jy sam-
ple), while the others are selected from a heterogeneous
list compiled by O’Dea et al. (1991). Morphologies of
the sources presented here are similar to those found
in Stanghellini et al. (1997) and in the small Compact
Steep Spectrum (CSS) sources studied by Dallacasa et al.
(1995).

Our results strengthen the evidence that GPS quasars
tend to have core-jet or complex morphology and GPS
galaxies tend to be compact symmetric objects (CSO).

Key words: galaxies: active — quasars: general — radio
continuum: galaxies

1. Introduction

GPS radio sources have small sizes (< 500 pc) high radio
luminosity (> 1026 W Hz−1) and are characterized by a
convex radio spectrum peaking around 1 GHz. The na-
ture of these radio sources hosted by galaxies and quasars
is still debated. They could be the early stages of powerful
extended radio sources or they could be indefinitely con-
fined to their small sizes by a high density medium which
prevents the expansion of the jets and lobes outside the
central region of the galaxy hosting the radio source. A
review of the properties of these sources is given by
O’Dea (1998).

Due to the small sizes of GPS radio sources, radio
observations at the milliarcsecond scale with VLBI tech-
niques are necessary to reveal their morphology. The ra-
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dio morphology is a critical piece of information neces-
sary to our understanding of the nature of these sources
(e.g., Wilkinson et al. 1994). The sidedness - i.e., to what
extent the sources are two sided (CSO) or one sided (core-
jet) - constrains the effects of Doppler boosting and is re-
lated to the Lorentz factor and orientation of the jets. The
morphology (i.e., Fanaroff and Riley class I or II) provides
clues to the transport of energy in the jets, e.g., transonic
and non-relativistic or supersonic and relativistic, respec-
tively. The extent to which the two sides of the source are
similar/symmetric also constrains the interaction of the
jet with the environment, i.e., does the jet remain well col-
limated or it is disrupted through interaction with dense
gas? The morphology also provides constraints on how the
sources may evolve (e.g., Readhead et al. 1996a,b; O’Dea
& Baum 1997). In order to achieve this goal we have un-
dertaken a VLBI study to observe the objects of the GPS
1 Jy sample (Stanghellini et al. 1998) and several of the
GPS candidates listed by O’Dea et al. (1991)

Stanghellini et al. (1997) present global VLBI 6 cm
images of 9 radio sources of the GPS 1 Jy sample. Here we
add 11 radio sources from the list of O’Dea et al. (1991).
Two of these objects are also included in the complete
sample. Most of the sources presented here have never
been previously observed before at this frequency.

In following papers in this series, images at other fre-
quencies and a complete discussion of the results of our
study will be given.

H0 = 100 km s−1 Mpc−1, and q0 = 0.5 have been
assumed throughout this paper.

2. Observations and results

The observations were carried out on 24 September 1989
with a global network of 11 antennas (Table 1) using the
Mark 2 recording system (Clark 1973).
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Fig. 1. UV coverage for 1543+005

Table 1. Antennas involved in the VLBI experiment. The nom-
inal system equivalent flux density (SEFD) in Col. 3 is given
by the ratio between the system temperature (in K) and the
antenna gain (in K/Jy). The VLA was available as a phased
array for a fraction of time (equivalent values in parentheses)
and with a single antenna otherwise

Antenna Diam. nominal SEFD
(m) (Jy)

Onsala (Swe) 20 990
WSRT (NL) 93 107
Effelsberg (Ger) 100 44
JBNK2 (UK) 25 344
Medicina (Ita) 32 290
HSTK (US) 37 975
Green Bank (US) 43 130
Iowa (US) 18 800
FDVS (US) 26 650
VLA (US) 25(130) 330(20)
OVRO (US) 40 225

The data have been calibrated and imaged in AIPS us-
ing standard procedures (for details see Stanghellini et al.
1997). The global array used for these observations spans
a narrow range in latitude, thus the sources at low dec-
lination have a very elongated beam. In Figs. 1, 2, 3 we
show the UV coverage for sources at declinations of 0, 23,
and 60 degrees.

The list of the observed radio sources with basic infor-
mation is shown in Table 2. When the redshift was not
directly available we estimated it using the magnitude-
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Fig. 2. UV coverage for 0039+230

V vs U for 0646+600
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Fig. 3. UV coverage for 0646+600

redshift relation found by O’Dea et al. (1996). The esti-
mated redshifts are marked with an asterisk.

The parameters of the various components are shown
in Table 3 as measured on the images. We report the
Full Width Half Maximum (FWHM) size derived from
the Gaussian fits (task IMFIT in AIPS). An asterisk fol-
lowing the parameter indicates that the fit gave a very
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Table 2. GPS sources. Columns 1 through 9 provide: name, optical identification, optical magnitude, redshift, linear scale factor
pc/mas [H0 = 100 km s−1 and q0 = 0.5 have been assumed], maximum VLBI angular size, maximum VLBI linear size, flux
density at 5 GHz as measured from our VLBI images, references for the information given here: 1) O’Dea et al. 1991; 2) Hewitt
& Burbidge 1993; 3) Stickel & Kühr 1993; 4) Meisenheimer & Röser 1983; 5) Stanghellini et al. 1993; 6) O’Dea et al. 1990b; 7)
O’Dea et al. in preparation; 8) Stickel & Kühr 1992; 9) de Vries et al. 1995)

Source id m z scale θmax lmax Svlbi ref.

pc/mas mas pc Jy

0039+230 EF - - - - - 1.192
0457+024 Q 19.4V 2.384 3.9 15 59 1.524 2
0646+600 Q 18.9R 0.455 3.4 9 31 0.840 3,4
1045+019 EF - - - - - 0.288
1100+223 ? <23r >1.2* - - - 0.505 5
1543+005 G 20.0R 0.556 3.7 10 37 1.123 6,7
1732+094 G 20.7R 0.61* 3.8 15 57 0.773 6
2008−068 G 21.3R 0.75* 4.1 30 122 1.190 6
2015+657 Q 19.7R 2.845 - - - 0.684 3,6
2149+056 G 20.4R 0.56* 3.8 5 19 0.821 6,8
2153−119 S 21.7i 0.88* 4.2 5 21 0.300 9

Table 3. Size and flux density of the components in the VLBI images. The columns give: (1) source name and possible classification
(CSO: Compact Symmetric Object; CJ: core-jet; CX: complex), (2) component identification, (3) and (4) major and minor axes
(fitted Gaussian FWHM, a * indicates a rough estimate), (5) and (6) linear size derived from Cols. 3 and 4, (7) position angle,
(8) total flux density of the component, (9) intrinsic brightness temperature neglecting relativistic effects, (10) minimum energy
density, (11) equipartition magnetic field. The scale factor for each source is that given in Col. 5, Table 2

Source and Comp. θ1 θ2 l1 l2 PA S5GHz Tb umin Heq

class mas mas pc pc mJy 109 K◦ 10−6 erg/cm3 10−3 G

0039+230 A <1 <1 - - - 905 - - -
CX? B <1 <1 - - - 209 - - -

C? <1* <1* - - - 30* - - -
0457+024 A <1 <1 <3.9 <3.9 - 753 >55 >1300 >120

CX B <2 <2 <7.8 <7.8 - 416 >7.6 >290 >55
C <3* <3* <11.8* <11.8* - 190* >1.5 >90 >30
D 4* 2* 15.7* 7.8* +110 85 0.77 80 30
E <3 <3 <11.8 <11.8 - 44 0.23 30 20
F <3 <3 <11.8 <11.8 - 28 >0.23 >30 >20

0646+600 A 0.74 0.37 2.6 1.3 +31 368 41 540 75
CX B 0.67 0.39 2.3 1.3 +47 432 48 600 80

C <1* <1* <3.4* <3.4* - 6* >0.19 >15 >13
D <2* <2* <6.8* <6.8* - 8* >0.06 >5 >8

1045+019 2.5 1 - - +170 285 - - -
P

1100+223 2 1 - - +77 486 - - -
CJ?

1543+005 A <2 <2 <7.4 <7.4 - 781 >6.6 >80 >30
CX B 3.3 0.9 12.2 3.3 +34 310 3.5 90 30

C 5* 2* 18.5* 7.4* +100* 85 0.29 13 12
1732+094 A 1.3 0.9 5.0 3.4 +98 480 14 200 50

CSO B 1.9 1.0 7.3 3.8 +132 285 5.2 110 35
2008−068 A 2.1 1.1 8.5 4.5 +145 1010 16 220 50

CSO B 2.6* 0.9* 10.5* 3.6* +149* 50 0.81 44 22
C 2.6* 2.6* 10.5* 10.5* - 112 0.62 20 15

2015+657 0.8 0.4 3.0 1.5 +103 676 175 5500 240
P

2149+056 A <1 <1 <3.7 <3.7 - 745 >25 >260 >53
CJ B 4* 2* 14.8* 7.4* +110* 70* 0.84* 25* 16*

2153−119 A <2 <2 <8.4 <8.4 - 200* >2.0 >50 >24
CJ B <5 <5 <21 <21 - 100* >0.16 >7.2 >9
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Fig. 4. 0039+230: the restoring beam is 3.5 × 0.9 mas in PA
−20◦, the rms noise on the image is 1 mJy/beam, the contour
levels here and in the following figures are −3, 3, 6, 12, 25, 50,
100, 200, 400, 1000, 2000, 4000, 10000 times the rms noise, the
peak flux density is 841 mJy/beam

inaccurate value and must be considered just a rough es-
timate, otherwise we assume a 10% formal error.

2.1. Comments on individual sources

0039+230: a radio spectrum of this object is shown by
Spoelstra et al. (1985). Our image shows a dominant
component with emission extending in the NE direction
and possible emission extending also towards the west
(Fig. 4).
0457+024: this object belongs to the complete sample de-
fined in Stanghellini et al. (1998) where the radio spectrum
is presented. The VLBI image shows complex structure
with 2 main blended components plus 2 or 3 weaker ones
in the EW direction, and a component located NW of the
main two (Fig. 5).
0646+600 This quasar is rather intriguing as Akujor et al.
(1996) find an apparent contraction in its double radio
structure. Their first epoch image at 6 cm is very close in
time (1989.79) to the epoch of our observations (1989.73).
Except for a third component which Akujor at al. claim
to see which is not clearly visible in our image, our results
are in agreement. The fitted sizes for the 2 main compo-
nents are in agreement and we also find a separation of
3 mas between the two peaks. In Fig. 6 we show the im-
age from our data. The weak features labeled as C and
D are real (although they resemble residual errors of the
hybrid mapping procedure) because they are present in
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Fig. 5. 0457+024: the restoring beam is 12 × 0.9 mas in PA
−13◦, the rms noise on the image is 1.3 mJy/beam, the peak
flux density is 726 mJy/beam
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Fig. 6. 0646+600: the restoring beam is 1.4 × 0.8 mas in PA
−19◦, the rms noise on the image is 0.5 mJy/beam, the peak
flux density is 338 mJy/beam

the same position in the 5 GHz image shown by Xu et al.
(1995).

1045+019: the VLA radio data presented by Stanghellini
et al. (1990) show a rather flat spectrum and the pres-
ence of significant extended emission, making it unlikely
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Fig. 7. 1045+019: the restoring beam is 13 × 0.8 mas in PA
−10◦, the rms noise on the image is 0.8 mJy/beam, the peak
flux density is 164 mJy/beam
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Fig. 8. 1100+223: the restoring beam is 3.9 × 2.6 mas in PA
−12◦, the rms noise on the image is 1.2 mJy/beam, the peak
flux density is 382 mJy/beam

that this source is really a GPS sources. The VLBI image
presented here has a single component (Fig. 7).

1100+223: the radio spectrum is presented by O’Dea et al.
(1990a). Our VLBI image shows a single dominant com-
ponent and a hint of emission towards the east (Fig. 8).
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Fig. 9. 1543+005: the restoring beam is 10 × 0.9 mas in PA
−9◦, the rms noise on the image is 1.3 mJy/beam, the peak
flux density is 616 mJy/beam

1543+005: the radio spectrum presented by Stanghellini
et al. (1998) does not show evidence of a clear turnover
down to a frequency of 365 MHz, suggesting that this
object is better classified as a CSS radio source. The VLBI
image has a dominant component and emission extending
to both sides (Fig. 9).

1732+094: a radio spectrum of this object is shown by
Spoelstra et al. (1985). The radio image presented here
shows two similar barely resolved components separated
by 15 mas (Fig. 10).

2008−068: this is the second of the 11 sources presented
here which belongs to the complete sample defined in
Stanghellini et al. (1998). The total radio spectrum is also
shown in that article. The VLBI image shows two compo-
nents separated by 25 mas and a candidate core close to
the strongest one (Fig. 11).

2015+657: the radio spectrum for this candidate GPS ra-
dio source is shown by Spoelstra et al. (1985). Our VLBI
image shows a single component (Fig. 12). The hint of
emission to the west is likely an artifact not removed by
the hybrid mapping procedure. A VLBI image at 6 cm is
also shown by Taylor et al. (1994). Their more sensitive
observations reveal a core-jet morphology with a weak jet
pointing from the dominant component towards the NW
direction.

2149+056 The GPS radio spectrum is presented by
Stanghellini et al. (1998). The VLBI image shows a
possible core-jet morphology pointing towards the west
(Fig. 13).
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Fig. 10. 1732+094: the restoring beam is 7 × 0.9 mas in PA
−14◦, the rms noise on the image is 1 mJy/beam, the peak
flux density is 286 mJy/beam
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Fig. 11. 2008−068: the restoring beam is 12 × 1 mas in PA
−10◦, the rms noise on the image is 1 mJy/beam, the peak
flux density is 612 mJy/beam

2153−119: There is little information in the literature
available for this source. Our VLBI image shows a core-jet
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Fig. 12. 2015+657: the restoring beam is 3 × 0.9 mas in PA
−34◦, the rms noise on the image is 0.6 mJy/beam, the peak
flux density is 545 mJy/beam

morphology pointing in the north-east direction (Fig. 14).

The sources observed here exhibit the same morpholo-
gies already seen in GPS radio sources, i.e., some have a
compact symmetric morphology while others have a core-
jet morphology.

Stanghellini et al. (1996) on the basis of the morpho-
logical information available in literature for the GPS 1
Jy sample find that GPS quasars have preferentially core-
jet or complex morphology and GPS galaxies tend to be
CSO. The objects presented here (excluding 1045+019
and 1543+005 which are not genuine GPS sources) rein-
force this evidence as all the quasars and the stellar object
have complex or core-jet morphology and 2 of the 3 GPS
galaxies seem to have a symmetric structure. In Fig. 15
we update the histogram of the morphology versus the op-
tical identification presented by Stanghellini et al. (1996)
with the new morphological classifications proposed here
for 2 objects of the complete sample.

The morphological differences observed between GPS
galaxies and quasar may be interpreted in terms of a uni-
fication scheme where GPS quasars are the GPS galax-
ies seen along the jet axis. A problem for this interpre-
tation is the very different redshift distributions for GPS
galaxies and quasars (O’Dea et al. 1991; Stanghellini et al.
1998; Snellen 1997). Thus, the relationship between GPS
galaxies and quasars needs to be studied further, tak-
ing into consideration radio variability, polarization, spec-
tral shape (cf. Snellen et al. 1998), etc., which are the
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Fig. 13. 2149+056: the restoring beam is 10 × 0.9 mas in PA
−12◦, the rms noise on the image is 1 mJy/beam, the peak
flux density is 618 mJy/beam
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Fig. 14. 2153−119: the restoring beam is 10 × 0.9 mas in PA
−11◦, the rms noise on the image is 1.2 mJy/beam, the peak
flux density is 163 mJy/beam

topics of another study in this series of papers
(Stanghellini et al. 1998). The strong link between GPS
galaxy identification and CSO radio structure indicates

Fig. 15. Morphology versus identification for the GPS 1 Jy sam-
ple. This is an update of the corresponding histogram shown in
Stanghellini et al. (1996). (CSO:Compact Symmetric Object;
CJ: core-jet; CX: complex; ?: unknown)

that symmetric radio structure is a fundamental property
of the GPS radio galaxies.

We note that most of the morphological classifications
proposed here are tentative and based on their appearance
in a VLBI image at a single frequency. However, we are
not able to reliably classify a source as having structure
on both sides of the core until we can locate the core
with some confidence. Observations at another frequency
can provide the spectral information which is necessary
to identify the different components, possibly locate the
core, and then confirm our classifications for the resolved
sources (see e.g., Taylor et al. 1996). Higher resolution
observations are instead necessary to reveal more details
in the unresolved or barely resolved objects.
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