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Study of radio properties of active galaxies
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Abstract

In this paper we investigate radio properties of active galaxies taken from Véron-Cetty & Véron (2010)
catalogue. The galaxies are limited to magnitudes in the range of 12m-19m. We have cross-correlated
the list with radio catalogues and selected those galaxies, which have data on 5 radio fluxes at different
wavelengths. For all the objects we have built radio spectra and estimate radio spectral indices. As a
result, we have αaverage=-0.5036±0.0717.
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1. Introduction

In terms of activity, most of the galaxies in the Universe are considered as “normal”, without any
prominent activity manifestation. Normal galaxies have total luminosities up to about 1011×LSun. For
example, all galaxies in the Local Group (including the Milky Way and Andromeda Galaxy) are normal
ones. In spectra of normal galaxies, we observe the sum of spectra of all the stars the galaxy contains. The
luminosity of normal galaxies does not change much in short periods of time.

Active galaxies are among the most interesting objects in the Universe. They have higher luminosities
than normal galaxies. It is important that active galaxies have brighter nuclei than normal ones. In these
galaxies, large amounts of energy fall out from such small areas as the galactic nuclei. It is considered that
there is a massive or supermassive black hole in the center of each of these galaxies. Some active galaxies
have gigantic jets in optical and more often in radio ranges. The luminosity of an active galaxy can change
twice and even more times during a short period of time, for instance, some active galaxies show variability
during a period of a few days.

Active galaxies are of different types: radio galaxies, Seyfert galaxies, quasars, blazars, LINERs, and
others. Radio galaxies are elliptical galaxies. All galaxies radiate some radio waves. In case of normal
galaxies, radio emission corresponds to a small fraction of the total energy radiated by the galaxy. The
energy for radio galaxies radiated at radio wavelengths is 0.1 to 10 times more than the energy radiated at
visible wavelengths. Seyfert galaxies were discovered by Carl Seyfert in 1943. These galaxies have broad
emission-line spectra indicating cores of hot, low-density ionized gas. The “typical” members of the class
(Seyfert 1 and 2) were described by Khachikian & Weedman (1971), and Khachikian & Weedman (1974).

This work is dedicated to radio properties of active galaxies. In the radio range, radio spectra of these
objects are very interesting. The radio emission of a distant galaxy consists of thermal and synchrotron
contributions. The thermal emission is radiation from HII regions while the nonthermal synchrotron emission
is generated by Supernova remnants (Biermann (1976); Condon (1992); De Young (1976); Blandford &
Königl (1979)), as well as by the core. These emission components are characterized by different spectral
indices and, therefore, the total spectral index depends on their relative contributions. The radio spectral
index is a powerful probe for classifying cosmic radio objects and understanding the origin of the radio
emission.
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To understand physical properties of some active galaxies, we have built radio spectra for our objects
(spectral energy distribution, SED) and estimate radio spectral indices (Hawkins (2002), Ulrich (1999)).
Radio spectral index is the most important property of radio sources in the radio range.

There are many papers devoted to radio investigation of active galaxies. Below, we present some of the
recent works, which we have used, and made comparisons with.

In this work we have investigated 116 active galaxies which also have activity in radio range.

2. Investigated data

We use data from the Véron-Cetty & Véron (2010) catalogue (VCV-13). This catalogue includes 133,336
quasars, 1374 BL Lac objects, and 34,231 active galaxies (including 16,517 Seyfert 1.0). We have considered
34,231 active galaxies for our research. More information on these objects is given in table 1.

Table 1. Active galaxies in VCV-13 by activity types, excluding quasars.
Activity type Number

Seyfert 23258
LINER 907
HII 167
Unk. 9899

Total 34231

VCV-13 catalogue was published by Véron-Cetty & Véron (2010) in 2010. It is a unique catalogue
that includes objects having active galaxy types. Active galaxies collected until 2010 are given. After that
no similar catalogue, that included active galaxies, was published. In 2019, Souchay et al. (2019) created
LQAC-5 catalogue, which included all quasars discovered by all surveys. But it comprised only those active
galaxies that were given in VCV-13. So far, we have the list of active galaxies from VCV-13.

For investigation, galaxies having magnitudes in the range of 12m-19m. have been taken. In the next step
we have cross-correlated (Abrahamyan et al. (2015)) these objects with radio catalogues: FIRST (Helfand
et al. (2015)), NVSS (Condon et al. (1998)), 87GB (Gregory & Condon (1991)), GB6 (Gregory et al. (1996)),
3C (Edge et al. (1959)), 4C (Pilkington & Scott (1965)), 7C (Hales et al. (2007)), 8C (Hales et al. (1995)), 9C
(Waldram et al. (2003)), 10C (Consortium et al. (2011)), SUMSS (Mauch et al. (2003)), WISH (De Breuck
et al. (2002)), WENSS (de Bruyn et al. (1998)), Molonglo Reference Catalogue of Radio Sources (Large
et al. (1991)), Texas Survey of radio sources at 365 MHz (Douglas et al. (1996)), Miyun 232 MHz survey
(Zhang et al. (1997)), CLASS survey of radio sources (Myers et al. (2003)), 74 MHz VLA Low-frequency
Sky Survey Redux (Lane et al. (2014)) and The GMRT 150 MHz all-sky radio survey (Intema et al. (2017)).

As a result, we have 4437 objects which have identification in radio (table 2).

Table 2. Number of identifications for active galaxies.
Identification number Number
with radio catalogue of objects

10 6
9 10
8 33
7 58
6 91
5 116
4 139
3 361
2 629
1 2994

Total 4437

As seen from table 2, 4437 objects have from 1 to 10 radio fluxes at different wavelengths. In this
work, radio catalogues that cover 38 MHz to 15.7 GHz frequency range have been taken. Abrahamyan in
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2020 (Abrahamyan (2020)) taken and investigated objects which have 6 or more radio fluxes at different
wavelengths. For our investigation we have taken objects which have 5 radio fluxes at different wavelengths.
So, we have 116 objects with 5 or more radio fluxes.

3. Investigated data

The same method which given by Abrahamyan in 2020 (Abrahamyan (2020)), we estimated radio spectral
indices for our objects.

Active galaxies are very interesting objects in the Universe. In order to understand some physical
properties, we must identify which properties our objects have in radio range. We have 116 active galaxies
having 5 at different wavelengths. A very important radio property for radio objects is the radio spectral
index. It shows steep radio spectra. Having 5 frequencies we have built graph for all 116 galaxies (lg[flux]
versus lg[frequencies]). Having lg[flux] versus lg[frequencies] graph for each source we have made linear
fitting. The software “Origin” gives formula for each linear fit and using that we have counted radio spectral
index for each source. The plot shows steep radio spectra for each line, and that is considered as radio
spectral index. As examples, we give average radio spectra for our objects in Figure 1.

Figure 1. Average radio spectra for our object.

A number of authors have estimated radio spectral index for quasars and radio galaxies. In our work
we have estimated radio spectral indices for 116 radio objects and compared our results with some authors
(for example with Abrahamyan et al. (2014),Tiwari (2019), etc).

Using 116 spectra of our radio objects we have estimated radio spectral indices. For radio spectral index
errors, in the first step we have counted each point’s (radio flux) shift from fitting line in spectra. Having
shift of each point we have estimated error in radio spectral index using Formula 1.

σerror =

√∑n
i=1 x

2
n

n
(1)

where σerror is the error of radio spectral index, xn-shift of each point from fit (Figure 1), n – number of
measurements.

Table 3 illustrates the average information of radio spectral indices.
Figure 2 shows graphical dependence of radio spectral index on redshift.
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Table 3. Spectral indices for 116 radio sources
Activity type Average radio spectral index Numbers of object

Seyfert -0.5442±0.0773 92
LINER -0.3428±0.0489 12
HII -0.5774±0.0824 1

Unknown -0.5499±0.0785 11

All -0.5036±0.0717 116

Figure 2. Radio spectral index vs. redshift.

4. Results

Presently, we wish to understand what radio properties active galaxies have. For that reason, we have
created list of radio objects which have 12m-19m magnitudes and each object has 5 radio fluxes at different
wavelengths. With this method we have distinguished 116 active galaxies. Using that we have estimated
radio spectral indices for all the objects.

Similar work was carried out by Abrahamyan et al. (2014). Authors investigated 7C (Hales et al. (2007))
catalogues and separated 26 radio galaxies, as well as estimated radio spectral indices of those objects. We
have compared our list to the list proposed by Abrahamyan et al. (2014). As a result, the objects have not
been identified. In mentioned work, average radio spectral index for radio galaxies had α=-0.806, which is
a little different from our present results. In this work radio objects have been selected by another method;
errors are not estimated and they have redshifts up to z=3.

Laing & Bridle (2013) presented accurate, spatially resolved imaging of radio spectra at the bases of jets in
eleven low-luminosity (Fanaroff–Riley I) radio galaxies, derived from Very Large Array (VLA) observations.
Authors showed images and profiles of spectral index over the frequency range 1.4–8.5 GHz, together with
values integrated over fiducial regions defined by relativistic models of the jets. The mean spectral indices
given by the authors is 0.66±0.01. We have compared our result to those of Laing & Bridle (2013) and they
appear to be similar.

So far, we have given some new results for properties of active galaxies:

• 79.3 % of our 116 active galaxies are Seyfert galaxies;

• We have built radio spectra and estimated radio spectral indices for 116 active galaxies (α=-0.5036±0.0717,
αSy=-0.5442±0.0773, αLINER=-0.3428±0.0489, αHII=-0.5774±0.0824, αUnk.=-0.5499±0.0785).
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