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ABSTRACT

We have used the 20 largest radio continuum catalogues
contained in VizieR (Ochsenbein et al. 2000) to deter-
mine radio continuum spectra between wavelengths of
2cm and 1m. For 67,000 out of the 3.5 million cata-
logueed sources we could extract radio spectra with mea-
surements at at least 3 independent frequencies. These
have been validated by comparison with existing spec-
tral indices from the literature. Our radio spectra data
base was searched for Gigahertz peaked source candi-
dates, which we then observed quasi-simultaneously with
the Effelsberg 100-m radio telescope at 6 cm (4.85 GHz),
2.8 cm (10.45 GHz), and 9 mm (32 GHz). This is
an efficient procedure to discover new Gigahertz peaked
sources, which are believed to be AGNs at the begin-
ning of their radio evolution. We are generalizing the
method by using VO capabilities to (i) identify pertinent
radio catalogues in the VO registry using Unified Content
Descriptors (UCDs), (ii) extract relevant data, and (iii)
normalize these for the determination of radio spectra.
Software allowing semi-automated information retrieval
is being developed within the framework of the Euro-
pean VO-TECH project. The potential usage of all avail-
able radio catalogues using these methods will strongly
increase the number of independent radio source cross-
correlations and radio spectra. The results are progres-
sively being made available to the community through
the CDS services.

Key words: Radio Continuum: general; Technique: spec-
troscopic; Virtual Observatory.

1. INTRODUCTION

Radio source cross-identification in the centimeter to me-
ter wavelength domain are particularly difficult to obtain,

because the underlying radio surveys can have huge dif-
ferences in sensitivity and/or spatial resolution. Since
the resolution depends on the observed frequency and
the telescope diameter, low frequency surveys made with
a small single-dish telescope can have resolutions up to
tens of arcmins, while high-frequency observations with
a large single dish telescope or an interferometer can
have resolutions of a few arcsecs to tens of arcsecs. On
the other hand, the cross-identification of radio sources
at different frequencies is made easier by using the fact
that, in the vast majority of sources, the spectral energy
distribution has a power-law distribution. The radiation
mechanism is either synchrotron emission from relativis-
tic electrons gyrating in a magnetic field, or emission of
hot thermal electrons. Synchrotron emission produces
a power law spectrum with a possible cut-off or rever-
sal of the spectral index at low frequencies due to self-
absorption or comptonization. The spectrum of thermal
electrons is flat, at least in the optically thin domain. Over
the frequency range in which the majority of radio sur-
veys were made, the spectra are thus well defined by a
power law, i.e. as a straight line in the log(flux density)–
log(frequency) plot commonly used in radio continuum
astronomy.

2. THE PROJECT

The aim of our project is to extract radio cross-
identifications/radio spectra from a heterogeneous set of
radio catalogues. The input catalogues for the cross-
identification can contain different degrees of informa-
tion. The required minimum set parameters are a position
(RA, DEC) and a flux at a frequency between 100 MHz
and 20 GHz. Some catalogues provide additional infor-
mation on the errors, source sizes, source names, and var-
ious flags. Moreover, the catalogue columns can have dif-
ferent units. Before the actual cross-identification of the
radio sources, the information from the input catalogues
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has to be homogenized. This can be quite time consum-
ing if it has to be done by hand for a large number of cat-
alogues (more than 100). Therefore, we have developed
Virtual Observatory (VO) tools for this task. The actual
cross-identification is then performed by the existing tool
SPECFIND (Vollmer et al. 2005a,b).

3. CROSS-IDENTIFICATION OF RADIO
SOURCES

SPECFIND is a hierarchical code. It classifies a source j

as parent, sibling, or child with respect to a given source i

using a procedure which has different stages where stage
2 and 3 are refinements of stage 1.
stage 1: taking into account proximity criteria:
stage 2: taking into account flux densities at the same fre-
quency:
stage 3: depending on flux densities at different frequen-
cies, based on the expected radio spectral index:
At the end of this procedure source i and its siblings are
considered the same source. If source j is identified as a
parent, source i might be a resolved sub-source of source
j. If source i has children, it might be extended, and the
children represent its resolved sub-sources. SPECFIND
also adds the flux densities of the children of source i at
the same frequency. If the sum equals the flux density of
source i within the errors, then source i is considered as
extended. At the end of the cross-identification the self-
consistency of the hierarchy and the uniqueness is tested.
A radio source cannot be assigned to more than one phys-
ical object.

4. SPECFIND

SPECFIND is an efficient tool to identify radio spectra
using radio catalogues of different formats. It can handle
radio surveys of very different resolutions and sensitiv-
ities. It has been applied to 22 survey catalogues at 11
different frequencies. These catalogues were downloaded
from the VizieR database. They contain a total of 3.5 mil-
lion sources, leading to more than 700 000 independent
radio cross-identifications and ∼ 67 000 independent ra-
dio spectra (Fig. 1) with more than two independent fre-
quencies. The code was tested and its results validated
by a comparison between the spectral indices found by
SPECFIND and those determined by other authors. The
determined spectral indices have an error of about ±0.3.
The radio spectra are available in VizieR at CDS.

5. SCIENTIFIC FOLLOW-UP PROJECT: GIGA-
HERTZ PEAKED SOURCES (GPS)

For the scientific use of the SPECFIND database in
VizieR we have searched for sources with peculiar spec-
tra, which are flat or inverted. These sources represent Gi-

Figure 1. The spectral index as a function of the flux den-
sity at 325 MHz (from Vollmer et al. 2005)

gahertz Peaked Sources (GPS) candidates or future mm-
VLBI targets. Gigahertz Peaked Sources are supposed
to be young radio-loud AGNs, and are not well studied
(for a review see O’Dea 1998). Existing GPS samples
are small (< 200, see, e.g. Labiano et al. 2007) and an
extension of this sample is needed to investigate whether
these sources are the precursor of the local FRI and FRII
radio galaxies. We extracted 220 objects with flat or in-
verted spectra from the SPECFIND catalogue and ob-
served them quasi-simultaneously at 4.8 GHz, 10.4 GHz,
and 32 GHz with the Effelsberg 100m telescope. Since
the SPECFIND spectra are made from multi-epoch data,
we can assess in this way the percentage of variable
sources in our sample. These variable sources represent
potential candidates for intraday variable (IDV) sources.
The preliminary results are that more than 50% of the
sources show a peak above 1 GHz, ∼ 50% are variable,
∼ 20% have flat spectra up to 9mm, and less than 10% of
the sources have an uncertain classification.

6. GOING FURTHER WITH VO CAPABILITIES

The next step in our project is to include other available
radio catalogues (more than 100). To do so, we first have
to identify the catalogues in the VO world. Then, the in-
formation from these catalogues has to be homogenized.
This homogenization, and the search for relevant radio
catalogues, are time consuming. Moreover, we realized
that the descriptions of the catalogues as they are given,
e.g. in VizieR, are not sufficient for our needs: the sur-
vey resolution, frequency, size of the largest object are
missing. For an efficient process of catalogue prepara-
tion we developed 3 VO tools within the framework of
VO-TECH at the CDS:
- a tool to search for useful catalogues in the Virtual Ob-
servatory (Registry query tool),
- a tool to extract relevant information and to uniformize
the catalogueue information (Data homogenization tool),
and
- a tool to characterize the data (Characterization tool).

6.1. Registry query tool

This tool finds the VO resources based on Unified Con-
tent Descriptors (UCDs). The UCDs are a controlled
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Figure 2. Examples for Spectra of Gigahertz Peaked
Sources (GPS) from the SPECFIND catalogue observed
at three frequencies with the Effelsberg 100m telescope.
+: SPECFIND data; x: VLA quasi-simultaneous obser-
vations (Dallacasa et al. 2000); diamonds: Effelsberg
observations; dashed line: SPECFIND fitted spectrum;
solid line: fitted GPS spectrum.

Figure 3. Interface of the registry query tool. Upper part:
query based on UCDs, lower part: list of selected cata-
logues according to the query.

vocabulary defined by the VO to describe astronomical
quantities. It is written in Java and uses XMLDV API
to get data from an XML registry. The user specifies
a required minimum set of UCDs. The tool searches
in the VO registry for all catalogues whose descrip-
tions contain these UCDs. For example, in our project
the minimum set of parameters needed for the radio
cross-identification are source coordinates and a radio
flux. The corresponding UCDs are: right ascension:
POS EQ RA, declination: POS EQ DEC, radio flux:
PHOT FLUX RADIO*. Since we require all UCDs to
be present in the catalogue, the request to the registry
query tool is: PHOT FLUX RADIO* && POS EQ RA
&& POS EQ DEC (Fig. 3). The result of the query is a
list of relevant radio catalogues (lower part of Fig. 3). The
catalogues can then be sorted into useful and not useful
catalogues by viewing the catalogue descriptions (VizieR
Readme) in a web browser. A workspace permits to save
and restore all actions performed on the catalogues. At
the end, a final list of relevant catalogues is established.

6.2. Data homogenization tool

These relevant catalogues can be directly loaded into the
data homogenization tool (upper part of Fig. 4). The aim
of this tool is to create homogenized data from a het-
erogeneous set of catalogues. It is written in Java and
works on XML tables. In a first step the user specifies
a set of output columns. In our case we defined the out-
put columns according to the needs of SPECFIND (lower
part of Fig. 4). In a second step the tool generates an in-
terface where a column of the entry radio catalogue is
assigned to a user specified output column (Fig. 5). The
user can always change the input column that he wants to
assign to an output column. It is also possible to assign
an arithmetic combination of different input columns or
conditions on input columns to an output column. If, e.g.,
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Figure 4. Data homogenization tool. Upper part: list of
uploaded relevant catalogues. lower part: user specified
set of output columns.

Figure 5. Homogenization interface. Each row corre-
sponds to one catalogue. Each column is predefined by
the user. An column of the input catalogue is assigned to
a predefined output column (Fig. 4).

there is no explicit column for the flux density error in the
input catalogue, it can be created assuming that it is 20%
of the flux density. Units are converted automatically. At
the end the tool generates an ASCII or VOTable output
table for each input radio catalogue. These output tables
can be directly used by SPECFIND.

6.3. Characterization tool

We realized that the description of the radio catalogues
does not contain all necessary information for the radio
cross-identification. We therefore decided to develop a
third VO tool which permits to specify this missing infor-
mation. More generally, it will permit to create a full de-
scription of a VO resource based on the VO characteriza-
tion data model adding for instance information about the

Figure 6. Characterization tool.

observations date, the resolution, etc.. This tool serves as
input for the data homogenization tool.

7. FURTHER STEPS

Within the framework of VO-TECH we have devel-
oped three VO tools at CDS: (i) a tool to search for
useful radio catalogues in the Virtual Observatory, (ii)
a tool to extract relevant information from these cata-
logues and to uniformize the catalogue information, and
(iii) a tool to characterize the data. During the devel-
opment we kept the tools as general as possible. In
this way they can be used in other astronomical con-
texts. We also plan to include the extended radio cat-
alogue description gathered by the characterization tool
into VizieR. Prototypes of these tools are available at
http://eurovotech.org/twiki/bin/view/VOTech.
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