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Abstract—We report the results of flux density measurements in the extended components of thirteen
giant radio galaxies, made with the RATAN-600 in the centimeter range. Supplementing them with the
WENSS, NVSS and GB6 survey data we constructed the spectra of the studied galaxy components.
We computed the spectral indices in the studied frequency range and demonstrate the need for a detailed
account of the integral contribution of such objects into the background radiation.
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1. INTRODUCTION

According to the generally accepted definition, gi-
ant radio galaxies (GRGs) are the radio sources with
linear sizes greater than 1 Mpc, i.e. the largest ra-
dio sources in the Universe. They mostly belong to
the morphological type FR II [1] and are identified
with giant elliptical galaxies and quasars. In com-
parison with normal galaxies, GRGs are quite rare.
This makes their statistical study and a detailed re-
search into the causes of their formation as a pop-
ulation quite difficult. They are the biggest objects
in the visible universe, and it is possible that they
could play a special role in the formation of the large-
scale structure. Radio observations of GRGs allow to
clarify what caused such gigantic objects to appear.
Large dimensions of GRGs as well suggest that these
sources must be at the last stages of evolution.

The study of these objects began with the source
3C 236 [2]. The models of radio sources [3, 4] pre-
dict temporal variations in the radio luminosity and
linear sizes of giant radio sources. According to
these models, GRGs should be very old objects
(aged over 108 yrs) that are presumably located in
the environments with decreased matter density, as
compared to the smaller sources with comparable
radio luminosities [5]. Komberg and Paschenko [6]
have analyzed the radio and optical data (SDSS,
APM) for the radio galaxies and quasars, and con-
cluded that apart from the effect of the environment,
the giant sizes of radio sources can be attributed
to the population of long-lived radio-loud active
nuclei, which in turn can evolve into to GRGs.
Multi-frequency observations [7] have shown that

the spectral age of GRGs is longer than the one,
expected from the evolutional models. As noted in [8],
such radio galaxies may affect the processes of galaxy
formation, since the pressure of gas, outflowing from
the radio source, may compress the cold gas clouds
thus initiating the development of stars on the one
hand, and stop the formation of galaxies on the other
hand. Several groups [9–18] continue to study the
characteristics of GRGs, longing to explain their
gigantic sizes. However, no unambiguous solution
of this problem exists up to date.

In our recent work [19, 20], based on the analysis
of radio spectra of giant radio galaxies we have come
to the conclusion that the change in the spectral index
of giant radio galaxies, depending on the shift with
respect to the galactic center, noted earlier in [10]
is linked with the particle energy variations in the
components, caused by the pressure variation of the
gas, flowing around, i.e. due to the changes in the
medium depending on the distance from the host
galaxy. However, general conclusions will be more
significant at the integral approach to the GRG popu-
lation as a whole. An essential step in the study of the
causes of large sizes of giant radio galaxies is a com-
parative study of similar properties of “normal” radio
galaxies [21–24]. Note that Soboleva [25] has earlier
made the observations of radio galaxies with minute
dimensions in the centimeter wavelength range with
the RATAN-600, and discovered that the morpho-
logical structures have virtually identical spectral in-
dices. Therefore, the study of the GRG sample objects
will supplement the data on the radio spectra of this
population of galaxies.
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Fig. 1. Radio images of giant radio galaxies in the NVSS survey. The circles mark the object components, observed with the
RATAN-600.
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Fig. 1. (Contd.)

GRGs are as well interesting to study the con-
tamination of the microwave background due to their
morphological properties (as well as their size, shape
and orientation) in the pixel domain, or the phase
characteristics in the harmonic domain [26]. While
their apparent contribution in the background maps
in the millimeter range seems to be weak, the angular
sizes of sources (up to 10 minutes of arc) produce
problems in the component separation due to the
changes in the spectral index in the locations of ex-
tended radio components of galaxies. Therefore, one
of the interesting problems is to evaluate and account
for a possible contribution of GRGs to the back-

ground anisotropy, both their radiation in the millime-
ter range, and the effects, occurring in the component
separation on the multipole scales � ≥ 500 in different
frequency ranges.

In this paper, we present the results of measure-
ments of the flux densities of giant radio galaxies at
the centimeter and decimeter ranges based on the
results of two observational sets at the RATAN-600.

2. RATAN-600 DATA
2.1. RATAN-600 Observations

The initial GRG sample is selected based on the
lists from [9–11] within the operational range of
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Table 1. Main parameters of the observed giant radio galaxies

Source Coordinates Redshift Type Angular Flux density

RA+Dec (J2000.0) size, (1.4 GHz),

hhmmss+ddmmss arcmin mJy

GRG 0139+3957 013930+395703 0.211 II 5.7 801.1

GRG 0452+5204 045253+520447 0.109 I 9.7 2869.1

GRG 0751+4231 075109+423124 0.203 II 6.0 162.3

GRG 0912+3510 091252+351016 0.249 II 6.2 157.4

GRG 0929+4146 092911+414646 0.365 II 6.6 165.5

GRG 1032+2759 103214+275600 0.085 II 11.0 284.1

GRG 1216+4159 121610+415927 0.243 II 5.2 415.5

GRG 1343+3758 134255+375819 0.227 II 11.3 131.0

GRG 1400+3017 140040+301700 0.206 II 10.8 451.9

GRG 1453+3308 145303+330841 0.249 II 5.7 455.5

GRG 1521+5105 152115+510501 (0.37) II 4.3 1197.5

GRG 1552+2005 155209+200524 0.089 II 19.6 2385.6

GRG 1738+3733 173821+373333 0.156 II 6.5 236.0

GRG 1918+516 191923+514334 0.284 II 7.3 920

GRG 2103+6456 210314+645655 0.215 II 4.8 119.7

the RATAN-600. The observations of the GRGs were
performed at the Northern sector of the RATAN-600
in the second decade of December 2008, and at the
Southern sector in early January 2010. The contin-
uous spectrum radiometers of the Feed Cabin 1 [27]
were used at the 1.38, 2.7, 3.9, 6.25, 13 and 31 cm
wavelengths. Note that despite the large range of
wavelengths, the elevated noise conditions during
the period of observations have restricted the data,
suitable for the analysis to four bands only: 2.7, 3.9,
6.25 and 13 cm. The size of beam patterns in the cen-
tral section at the observational elevation amounted
to 25′′, 36′′, 43′′and 57′′, 90′′ and 119′′, respectively.
For the wavelengths of 6.25 and 13 cm we used the
spectral analyzer subchannels to effectively deal with
the interference. The list of observed sources is given
in Table 1, the log book—in Table 2. Note that for the
galaxies GRG 1343+3758 and GRG 2103+64 we did
not manage to reach a sufficient signal-to-noise ratio
to be able to detect the sources.

Depending on the position angle of the radio
structure, from one to three sections of the source
have been made (Table 2). The number of object
transits through the telescope’s beam pattern (BP)

was limited by the observational time, granted by the
program committee.

2.2. Data Reduction

To bind the flux densities with the international
scale [28] we observed standard calibration sources
from the RATAN-600 standard list [29, 30]. The
curves of source transits were analyzed in the FADPS
standard processing system [31, 32]. The first stage
of data processing consists in subtracting the low-
frequency trend with a window smoothing of 8 min-
utes of arc from the source transit records. A transi-
tion to flux densities was performed by integrating the
extended signal, approximated by a set of Gaussians,
and a transition to the flux density scale through
calibration. The noise level in the records of single
transits at the wavelengths of 1.38, 2.7, 3.9, 6.25
and 13 cm in the observations at the northern sector
at the elevation of 76◦ amounted to 8.1, 5, 36, 3.3
and 65 mK/s1/2, respectively, while in the southern
sector at the elevation of 82◦ it amounted to 17.2,
8.9, 18.1, 10.7 and 96.6 mK/s1/2, respectively. The
measurements of flux densities at the wavelengths
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Table 2. The observed GRG regions. Sections: c—central, n—northern, s—southern. Nt is the number of
transits. The coordinates (right ascension+declination) of the centers of components are listed for the epoch
J2000.0

Source Section Coordinates of center Nt

observed regions

GRG 0139+3957 c 013927.4+395653 1

GRG 0452+5204 c 045343.7+520556 11

GRG 0751+4231 c 075153.9+422945 10

GRG 0912+3510 n 091252.0+351231 5

GRG 0912+3510 s 091250.0+350631 1

GRG 0929+4146 c 092951.8+414353 10

GRG 1032+2756 n 103212.5+275925 3

GRG 1032+2756 c 103214.4+275555 3

GRG 1032+2756 s 103215.1+275115 1

GRG 1216+4159 c 21641.4+415545 11

GRG 1343+3758 c 134255.0+375819 2

GRG 1400+3017 n 140045.0+302214 3

GRG 1400+3017 s 140038.4+301325 3

GRG 1453+3308 n 145302.0+331046 4

GRG 1453+3308 c 145303.0+330856 2

GRG 1453+3308 s 145301.4+330556 1

GRG 1521+5105 c 152132.5+510232 7

GRG 1552+2005 c 155209.0+200524 8

GRG 1738+3733 n 173820.6+373658 2

GRG 1738+3733 c 173821.0+373333 2

GRG 1738+3733 s 173821.8+373108 1

GRG 2103+6456 c 210322.1+645929 9

of 2.7, 3.9, 6.25 and 13 cm are given in Table 3.
The table also lists the values of integrated flux
densities of the studied sources, computed from the
NVSS (NRAO VLA Sky Survey) maps [33] at 21 cm,
constructed on the VLA radio interferometer (USA),
and WENSS (Westerbork Northern Sky Survey)
maps [34], constructed at the Dutch radio interferom-
eter in Westerbork at 92 cm. The table as well gives
the data from the GB6 (Green Bank) catalog [35].
Integration of the radio brightness distribution in
the maps was carried out using an interactive im-

age analysis package SkyView1 with a preliminary
subtraction of the trend. For identifying the objects
and making the estimates of their parameters we also
used the CATS database [36, 37]. Among the CATS
catalogs, we found the identifications in the GB6 [35],
VLSS [38], 6C [39], 7C [40], 8C [41], Texas [42], and
B3 [43] surveys.

One of the problems in observing the GRGs with
the RATAN-600 is the evaluation of flux densities
of multicomponent sources, where the components

1http://www.ipac.caltech.edu/Skyview/
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Table 3. Integral flux densities (mJy) of the radio sources according to the data from the RATAN-600 and the
WENSS, NVSS surveys

Source 2.7 cm 3.9 cm 6.25 cm 13 cm 92 cm 21 cm 6.2 cm

component RATAN RATAN RATAN RATAN WENSS NVSS GB6

0139+3957w – – 470 857 – 2120 656

c – – 139 252 – 744 317

e – – 82 212 – 133 –

0452+5204c 417 827 1141 1984 18760 3003 844

0751+4231c 103 227 274 476 1365 202 35

0912+3510n – – 21 <120 160 56 <20

s – – 70 144 512 101 20

0929+4146c – – 215 315 1560 200 91

1032+2759n – – 46 <120 – 92 <20

c – – 35 <120 – 75 59

s – – 86 108 – 138 56

1216+4159c – – 123 207 1604 264 77

1400+3017n – – 61 178 1258 333 73

s – – 40 155 1053 155 37

1453+3308n – – 19 <40 420 245 <20

c – – 109 138 593 149 131

s – – 76 <40 488 89 <20

1521+5105c – – 317 549 4903 747 377

1552+2005w – – 82 212 – 133 <20

e – – 139 252 – 744 317

ee – – 470 857 – 2120 656

1738+3733n – – 36 56 152 64 <20

c – – 46 113 720 117 93

s – – 29 <30 133 58 <20

2103+6456c – – <54 <180 337 124 32

have close right ascensions, but different declination
angles. In this case, the radio source is oriented coax-
ially (vertically, if projected on the plane) with the
beam pattern in the observations at the meridian.
Then, in each section there appears a contribution of
different radio components of the source object due
to an extended form of the beam pattern vertically.
One way to restore the obtained signal is to simulate
an extended source with more accurate data from the

NVSS catalog, its convolution with the calculated
beam pattern of the RATAN-600 and the calculation
of the signal correction, caused by the confusion in
the contributions of different components. This ap-
proach, applied in [19] gave a somewhat inflated es-
timate of the fluxes after the signal reconstruction,
which may be due to inaccurate plotting of the source
shape. Therefore, we used other estimates based on
the additivity of the convolution operator. In this case,
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Fig. 2. Radio spectra of giant radio galaxies, constructed based on the RATAN-600 data and the NVSS, WENSS, GB6
surveys (Table 3) etc. The RATAN-600 data are marked by black ellipses.

when the same beam pattern is used to observe two
components of the source, separated by an angular
distance Δh, the observed flux density S1 of one com-
ponent, apart from the incoming flux B1, gets a part
of the flux from the second component kS2, where k
is the coefficient (the value from the antenna beam
pattern), corresponding to a vertical shift from the
center of the beam by the angular distance Δh.

Hence, we find that a real signal from one compo-
nent can be estimated as B1 = (S1 − kS2)/(1 − k2).

This algorithm was used in the analysis of the GRG
observations in several sections. The results are listed
in Table 3.

The error in determining the flux densities in the
RATAN-600 observations of the sources with flux
densities greater than 50 mJy was about 10%, and
for the flux densities below 50 mJy it amounted to
13% at the wavelength of 6.25 cm. Similarly, at 13 cm
the error of 10% was found for the values greater

ASTROPHYSICAL BULLETIN Vol. 66 No. 2 2011
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Fig. 2. (Contd.)
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Table 4. Approximation relations for the continuous
radio spectra of giant radio galaxies in the wave-
length range from 92 cm to 2.7 cm

Source Radio spectrum

component

0139+3957w 3.182 − 1.294x

c 6.409 − 2.237x

e 3.135 − 1.182x

0452+5204c 3.054 − 0.829x

0751+4231c 1.971 − 0.697x

0912+3510n 1.165 − 0.771x

s 0.922 − 0.560x

0929+4146c 1.330 − 0.583x

1032+2759n 3.366 − 1.400x

c −0.349− 0.246x

s 1.104 − 0.621x

1216+4159c 2.288 − 0.882x

1400+3017n −0.914 + 1.406x− 0.400x2

s 3.051 − 1.201x

1453+3308n 2.602 − 1.126x

c −1.275 + 12.534e−x

s 1.409 − 0.694x

1552+2005w 0.695 − 0.463x

e 34.372− 19.175x + 2.609x2

ee 3.394 − 0.997x

1521+5105c 2.233 − 0.731x

1738+3733n 0.544 − 0.566x

c 1.779 − 0.803x

s 0.607 − 0.561x

2103+6456c 1.942 − 0.923x

than 180 mJy, and 15 %—for the flux densities below
180 mJy.

For the sources GRG 0452+5204 and
GRG 0751+4231 at the wavelengths of 2.7 and
3.9 cm the observations were carried out in the “beam
switching” mode. To take into account a possible
flux density drop of an extended object when ob-
served in this mode, we modelled the passage of two

Table 5. Spectral indices of giant radio galaxy com-
ponents at 6.25 and 13 cm

Source Spectral index Spectral index

component 6.25 cm 13 cm

0139+3957w –1.29 –1.29

c –2.24 –2.24

e –1.18 –1.18

0452+5204c –0.83 –0.83

0751+4231c –0.70 –0.70

0912+3510n –0.77 –0.77

s –0.56 –0.56

0929+4146c –0.58 –0.58

1032+2759n –1.40 –1.40

c –0.24 –0.24

s –0.62 –0.62

1216+4159c –0.88 –0.88

1400+3017n –1.54 –1.27

s –1.20 –1.20

1453+3308n –1.13 –1.13

c –0.31 –0.43

s –0.69 –0.69

1521+5105c –0.73 –0.73

1552+2005w –0.46 –0.46

e 0.03 –1.63

ee –1.00 –1.00

1738+3733n –0.57 –0.57

c –0.80 –0.80

s –0.56 –0.56

2103+6456c –0.92 –0.92

sources through two horns. The modelling procedure
included: the calculation of a two-dimensional beam
pattern of the RATAN-600 applying Korzhavin’s
method [44] within the FADPS system [31] at the
observed wavelength, convolution with the compo-
nents of the observed source, and modelling the object
transit through the RATAN-600 beam pattern. In
addition, we also used in the data analysis the BP

ASTROPHYSICAL BULLETIN Vol. 66 No. 2 2011
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Fig. 3. Radio spectra of radio galaxies: a giant
GRG 0929+4146, having a steeper spectrum, and a nor-
mal binary J092924+414618, the radio brightness distri-
bution of which was integrated by the power beam pattern
in the RATAN-600 observations. Individual spectra for
each source are shown, giving the total contribution to
the observed radio brightness distribution.

Fig. 4. Top: radio spectra of the GRG 1521+5105 com-
ponents. The RATAN-600 data area marked by black
ellipses. Bottom: a radio image of GRG 1521+5105 (in
the center) according to the NVSS data, superimposed
on the optical DSS survey image.

calculations made by Majorova [45]. The conversion
factor estimate of the integral flux density of a given
extended radio source in the beam switching mode

model was accounted for in the analysis of real
observations.

2.3. Spectra

Based on the measurement data we have con-
structed the spectra of the radio source components.
Describing the spectra, we fitted them by the formula
lg S(ν) = A + Bx + Cf(x), where S is the flux den-
sity in Jy, x is the frequency logarithm ν in MHz,
and f(x) is one of the following functions: exp(−x),
exp(x) or x2. The spg system was used for the spec-
tral analysis [46]. The spectra of the components are
demonstrated in Fig. 2. The analytical description of
the continuous spectrum curves for the components
of the studied GRGs is shown in Table 4.

3. DISCUSSION OF RESULTS

The spectra constructed (Fig. 2) demonstrate a
variety of GRG properties. The fact that the spec-
tral indices in the components of the observed radio
galaxies vary significantly is obvious, even the shapes
of the spectra are different: from a very steep spectrum
of the GRG 0139+3957 source, to the spectra with
flattening, like in the GRG 1453+3308 source com-
ponent.

For the sources, observed only in the central sec-
tion, the values of flux densities, measured at the
wavelengths of 2.7, 3.9, 6.25 and 13 cm, are listed in
Table 3, and spectral indices amount to the x argu-
ment coefficients from Table 4. For the rest of sources
the results are presented in Table 5. Note that in the
case of the GRG 0751+4231 source spectrum the
RATAN-600 data points are located higher than the
data from the GB6 and NVSS. In the GB6 catalog
this object is nearly a point object, which explains
the low level of the cataloged flux value. It is most
likely that the level of the corresponding value from
the NVSS is caused by the same factor as in the
case when the integration by peak values leads to an
incomplete account of weak diffuse emission. The ob-
ject GRG 1738+3733 stands out among the observed
sources, as both of its extended components have
similar radio spectra, and identical spectral indices.

Note that the change in the spectral index of giant
radio galaxies, depending on the shift from the galac-
tic center was already noted [10]. It is associated with
particle energy variations in the components, caused
by the pressure variation in the surrounding gas, i.e.
it is due to the changes in the medium, depending on
the distance from the host galaxy.

The radio source, observed on the RATAN-600
in the region of GRG 0929+4146 turned out to be
composed of two radio galaxies: GRG 0929+4146
as such in the shape of a multidimensional object,

ASTROPHYSICAL BULLETIN Vol. 66 No. 2 2011
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stretching along one line, and a double type-FR II
radio source with the coordinates (α = 09h29m24s,
δ = +41◦46′18′′), which merge into one extended ob-
ject that can be seen to the left of the GRG 0929+4146
in Fig. 1. The RATAN-600 does not resolve radio
galaxies in the meridian transits, and hence Fig. 2
presents the total spectrum. We built a separate spec-
trum for each radio galaxy according to the NVSS,
WENSS and 7C survey data (see Fig. 3). The in-
tegral radio spectrum of GRG 0929+4146 alone was
approximated by the dependence y = 3.046− 1.208x,
and the spectrum of the neighboring radio galaxy was
approximated by the dependence y = 1.818− 0.774x,
which has a smaller slope and thus demonstrates
that the short-wave observations on the RATAN-600
are dominated by the radio emission from the source
J092924+414618.

The radio galaxy GRG 1521+5105 was resolved
into two components. Their spectra are demonstrated
in Fig. 4. The integrated radio emission flux densi-
ties for the two components are: 368 mJy at the
wavelength of 13 cm and 167 mJy at 6.25 cm for
J152103+510600, and 181 mJy and 150 mJy, re-
spectively for J152125+510401.

The approximations for the radio spectra of the
components are described by the functions:
y = 2.226 − 0.800x and y = 1.537 − 0.645x. The
radio galaxy GRG 1521+5105, identified with the
galaxy SDSS J152114.55+510500.9, and having the
photometric redshift of z = 0.37 (according to the
NED database2), is located on the outskirts of the
projection of the cluster NSCS J152018+505306
with the redshift z = 0.52 (NED) at the angular
distance of 15 arc minutes from the center. Nev-
ertheless, within 10 minutes of arc from the radio
galaxy there are more than 1700 galaxies (according
to the NED), and a large number of radio sources
(Fig. 4). As we do not have any redshift data for
the vast majority of them it is difficult to judge the
physical belonging of GRG 1521+5105 to any group
of galaxies. Still, a rich neighborhood of this radio
galaxy brings additional interest to search for the
reasons of its gigantic size.

The RATAN-600 observations allowed to specify
the GRG component spectra and estimate their fluxes
in the millimeter wavelength range at the extrapola-
tion of the integrated radio spectrum. The flux densi-
ties of the studied GRG components lie in this part
of the spectrum at the level above 0.6 mJy. As the ex-
pected number of GRG-type objects amounts to sev-
eral hundred on the full sphere [26], their contribution
to the background radiation can, in principle, result in
a bias in computing the background fluctuation level,
not to mention the problem of signal isolation.

2http://nedwww.ipac.caltech.edu

We plan to further accumulate the data, compile
the lists of new GRGs and perform their observations
with the RATAN-600.
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