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Abstract. We present a spectral aging study of a sample of 5
giant radio galaxies based on radio continuum data obtained
at frequencies between 326 MHz and 10.6 GHz. Using syn-
chrotron loss models, we determined injection spectral indices
and particle ages where possible. The results suggest ages not
older than 4·107 yr, a value that is typical for radio galaxies with
“normal” sizes. From equilibrium considerations between lobes
and jets on the one hand and the ambient medium on the other
we derived estimates of the density of the intergalactic medium,
with average values in the range of a few 10−5 cm−3.
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1. Introduction

Giant radio galaxies (GRGs) form a somewhat special class
of extragalactic radio sources. Their linear projected sizes of
≥ 1 Mpc, which is the criterion of their membership to this
class, immediately prompts the question of their likely special
nature. The total luminosity of GRGs ranks them in the transi-
tion regime between FR-I (low-power systems) and FR-II (high-
power ones), so they are neither extremely powerful nor partic-
ularly weak. One possibility is that very powerful active galactic
nuclei (AGN) could drive them to their extraordinary sizes. On
the other hand, sources that have expanded to such sizes could
also have undergone strong adiabatic losses, resulting in low or
moderate total luminosities. In fact, in order to explain the ob-
served relative numbers of radio sources as a function of linear
size, their radio power must drop as the inverse square root of
linear size (O’Dea & Baum 1997). Therefore, this picture is not
quite clear. An alternative conjecture is that the extreme sizes
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of GRGs are simply related to their surrounding intergalactic
medium (IGM), which is difficult to access directly via obser-
vations. It is one of the prime aims of this paper to explore this
latter hypothesis.

There are several tools to probe the IGM density. Firstly,
we can simply balance pressures; the pressure of the relativis-
tic particles and magnetic fields of the radio source must be of
the same order of magnitude as the external thermal pressure.
In order to get a handle on this internal pressure, the intensity
distribution across the radio source must be mapped over a fre-
quency range as large as possible. The second tool comes via
radio polarization, viz. Faraday rotation. The latter is very sen-
sitive to the density, or variations in the density, of the thermal
plasma mixed with the source or surrounding it. Thirdly, the im-
pinging jet experiences ram pressure by the external medium.
In this paper we shall try to derive a consistent picture on the
likely state of the environment of GRGs and thus contribute to
an understanding of their nature.

Spectral index investigations of radio galaxies have fre-
quently been carried out in the past. They were performed for
various types of sources with different frequency pairs. Most
of these studies used frequencies in the range between 0.6 and
1.4 GHz; they indicated trends in the spectral index distribution
which should be much more obvious when we use a broader fre-
quency range. While the sources are in principle “in their orig-
inal state” at low frequencies, without having suffered from se-
vere synchrotron losses, at high frequencies aging effects should
be more apparent and we expect to see only the brightest or most
active regions of the sources in high-frequency images. In this
paper we use the data shown in Mack et al. (1997) to derive the
spectral characteristics of five of the most extended GRGs in
the frequency range between 326 MHz and 10.6 GHz (Sect. 2).
We will present similar analyses for less extended radio galax-
ies using 10.6-GHz and lower-frequency maps in another paper.
Using the spectral information we determine relevant physical
parameters of the sources and their components. Energies and
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NGC 315    Spectral Index Distribution 609 MHz - 4.8 GHz 
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NGC 315   Spectral Index Distribution  4.8 GHz - 10.6 GHz
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Fig. 1. Spectral index maps of NGC 315.
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Table 1. Physical parameters of NGC 315

Region Volume α10550
326 Total luminosity Ueq ueq Heq αinj t

[cm3] [erg sec−1] [erg] [erg cm−3] [µG] [Myr]
total 2.98 · 1072 0.43 7.7 · 1041 4.6 · 1058 1.6 · 10−14 0.5 – –

1 7.22 · 1070 0.29 5.0 · 1041 6.2 · 1057 8.6 · 10−13 1.2 – –
2 1.74 · 1070 0.60 9.8 · 1039 5.5 · 1056 3.2 · 10−14 0.7 0.59 ≤ 12.0
3 5.72 · 1070 0.50 6.1 · 1040 2.3 · 1057 3.9 · 10−14 0.8 0.54 ≤ 12.0
4 4.72 · 1070 0.53 3.8 · 1040 1.6 · 1057 3.5 · 10−14 0.7 0.56 ≤ 12.5
5 1.06 · 1071 0.27 4.7 · 1040 1.9 · 1057 1.7 · 10−14 0.5 – –
6 1.10 · 1072 0.72 3.7 · 1040 8.7 · 1057 7.9 · 10−15 0.4 0.58 ≤ 8.5
7 – – – – – – – –
9 4.00 · 1071 0.55 6.8 · 1040 5.9 · 1057 1.5 · 10−14 0.5 0.58 ≤ 9.4

10 1.18 · 1072 0.82 2.2 · 1040 8.0 · 1057 6.8 · 10−15 0.3 – –

magnetic fields are necessary ingredients to a particle aging
analysis. There have been many studies applying synchrotron
loss models to the determination of particle ages (e.g. van der
Laan & Perola 1969; Pacholczyk 1970; Myers & Spangler 1985;
Alexander & Leahy 1987; Carilli et al. 1991). In addition to these
more “classical” methods, Katz-Stone (1995) and Rudnick &
Katz-Stone (1996) discussed a number of new tools for the anal-
ysis of synchrotron source maps. These authors pointed out that
the traditional methods might miss information. Nevertheless,
to start with, we follow the classical spectral analysis methods.

The different tools to probe the characteristics of the IGM
with the help of GRGs have been summarized by Saripalli
(1988). Besides various statistical tests, such as clustering of
galaxies around the radio source, the effects of the external gas
on the radio jets and lobes appear to be important (Subrah-
manyan & Saripalli 1993; Lacy et al. 1993; Daly 1995; Nath
1995). In Sects. 3 and 4 we present our investigation of the
density of the IGM around the most extended GRGs, which
has been based on equilibrium considerations between the ra-
dio lobes and the IGM. Throughout this analysis we adopt
H0 = 75 km s−1 Mpc−1 and q0 = 1.

2. Spectral indices

We have made maps of the spectral index α (Iν ∝ ν−α) for all
sources. To this end, we have smoothed the higher-resolution
maps to a common beam size of 150′′ via an image plane con-
volution. The spectral index was calculated only within regions
with intensities higher than 2σ. We have made sure that system-
atic errors as listed by Strom et al. (1981) can be neglected in
most areas of the maps. All data have been carefully checked
concerning calibration scales or zero levels. Coordinate errors
are expected to be clearly below 5′′. Projection errors do not
occur because all data have been interpolated onto the same
projection grid. Errors due to beamshape differences are only
important at λ6-cm in the surroundings of very bright peaks
like the core of 3C 236, or the hot spot of DA 240. Because of
the much more complex beam CLEANing, the removal of dirty
beam residuals at λ 6 cm did not work as properly as in the
case of the λ2.8-cm maps (Mack et al. 1997). We present three

maps for each source displaying the low-frequency (α609
325), the

intermediate-frequency (α4750
609 ), and the high-frequency (α10550

4750 )
spectral index distribution.

2.1. NGC 315

Spectral index studies of this source have been performed by
Willis et al. (1981) who showed crosscuts of the spectral index
along the jet and counter jet and also presented the spectral in-
dex distribution of the north-west lobe. Already noted also by
other authors (Fanti et al. 1976, Bridle & Fomalont 1978) was
the much flatter spectrum along the main and counter jet. Willis
et al. (1981) found significant spectral variation over the north-
western lobe, with a steepening from the northern edge to the
southern parts. The south-eastern lobe, however, was found to
have a very constant spectral index. Using the upgraded WSRT,
Jägers (1987) basically confirmed the global spectral behaviour
described by Willis et al. (1981). Because of the better reso-
lution, however, he also detected small-scale areas with steep
spectra, coincident with peaks in the total intensity distribution.

In Fig. 1 we show our spectral index maps of NGC 315. The
core shows a flat spectrum with a further flattening toward high
frequencies. The north-western jet has an almost constant spec-
tral index at low- and intermediate frequencies, with a steeper-
spectrum zone shortly before the hotspot is reached. This is
especially striking at high frequencies. The counter jet, which
is seen only over a short distance, appears to have a slightly
steeper spectrum until it is below the sensitivity of the maps.
Although the beam sizes have been checked carefully we are
not sure about the reliability of the steep-spectrum limbs es-
pecially of the jets. The north-western hot spot area steepens
gradually from the north-east to the south-west. The bright lobe
is somewhat steeper at high frequencies, with a more or less
constant spectrum. The back-lobe spectrum is generally steep
(α ≈ 1.3) with flat-spectrum islands (α = 0.62 ± 0.14) in be-
tween, especially in the south-eastern parts. The south-western
lobe shows a region with a spectrum which is flat compared with
its environment. This region could mark the channel where the
counter jet runs through the lobe. The eastern lobe spectrum is
steeper than the western one except for the back-lobe.
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DA 240   Spectral Index Distribution   609 MHz - 4.8 GHz
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DA 240   Spectral Index Distribution   4.8 GHz - 10.6 GHz

Levs = 0.3, 0.5, 0.7, 0.9, 1.1, 1.3, 1.5, 1.7, 1.9, 2.1, 2.3, 2.5, 2.7

D
E

C
L

IN
A

T
IO

N
 (

B
19

50
)

RIGHT ASCENSION (B1950)
07 47 46 45 44 43 42

56 10

05

00

55 55

50

45

40 0.2

0.4

0.6

0.8

1.0

1.2

1.4

Fig. 2. Spectral index maps of DA 240.



K.-H. Mack et al.: Spectral indices, particle ages, and the ambient medium of giant radio galaxies 435

Table 2. Physical parameters of DA 240

Region Volume α10550
326 Total luminosity Ueq ueq Heq αinj t

[cm3] [erg sec−1] [erg] [erg cm−3] [µG] [Myr]
total 1.65 · 1073 0.80 1.8 · 1042 2.9 · 1059 1.8 · 10−14 0.5 – –

1 9.55 · 1072 0.75 1.2 · 1042 1.7 · 1059 1.8 · 10−14 0.5 0.76 ≤ 9.4
2 6.93 · 1072 0.99 4.5 · 1041 1.3 · 1059 1.9 · 10−14 0.5 0.97 ≤ 10.6
3 – 0.56 1.2 · 1042 – – – – –

2.2. DA 240

Strom et al. (1981) published a spectral index map of DA 240
based on observations at λλ 49 cm and 6 cm. They found a
narrow, relatively flat-spectrum region along the source major
axis which connects the core and the outer hot spots. Flatter
spectra were also detected in the regions near the leading edge of
both components, and along the southern rim of the eastern lobe,
although the global behaviour that Strom et al. (1981) reported
is a significant steepening from the centre to the outer limb of
both components. The flatter spectrum bridge connecting the
core and the outer lobe areas along the source’s main axis is
also the most striking feature in our spectral index distribution
maps (Fig. 2). The core and the bright eastern hot spot still
suffer from artifacts of insufficient CLEANing where the 4.8-
GHz map is involved. In all three maps the regions around the
flat-spectrum core are amongst those with the steepest spectra.
Toward the outer regions of DA 240, the spectrum gradually
flattens along the major axis, while it steepens perpendicular
to it. At high frequencies there appears to be an asymmetry
between the lobes, with a difference of ∆α ≈ 0.4 between the
flatter western and the steeper eastern lobe.

2.3. 3C 236

The first spectral index study of 3C 236 was performed by Strom
& Willis (1980). They used maps obtained at 609 MHz, 1.4, and
5 GHz with the WSRT. Although the higher-frequency maps
were affected by missing-spacing effects these authors found
a significant steepening of the spectrum in the north-western
lobe toward the core and an indication for a flattening of the
spectrum of the outer head between 1.4 and 5 GHz compared
with the 609 – 1400 MHz spectral index. Strom et al. (1981)
presented a spectral index map derived from a 609-MHz WSRT
map and a 4.8-GHz Effelsberg map and confirmed these results.

In our spectral index maps (Fig. 3) the north-western lobe
clearly shows gradual steepening from the hot spot at the lobe’s
edge toward the core. The south-eastern lobe spectrum is com-
plex, mainly because of confusion by the flat background source
north of the major axis and the steep-spectrum background
source at the southern termination of this lobe. Nevertheless,
the steepening of the spectrum toward the core is also visible
even at higher frequencies. There is a tendency for the spectrum
in the north-western lobe to be generally steeper than that of
the south-eastern one. The asymmetry becomes more obvious
looking at the high-frequency spectral index map. The core is

surrounded by artificial structures which are due to insufficient
CLEANing of the 6-cm single-horn data (Mack et al. 1997).

2.4. 3C 326

Willis & Strom (1978) showed crosscuts of the spectral index
distribution along the source’s major axis, derived from mea-
surements at 609 MHz and 1.4 GHz. They did not find any
significant spatial variation in the spectral index over the east-
ern lobe or variations of the spectrum itself. In the western lobe
they observed a gradual steepening from the lobe’s termination
toward the core without any distinct peaks.

This gradual steepening can also be found in our high-
frequency spectral index map (Fig. 4). The low-frequency spec-
tral index map does not show much variable structure, either in
the eastern or in the central and western components. At high
frequencies a flatter-spectrum channel is indicated crossing the
eastern lobe, similar to the situation in the south-eastern lobe of
NGC 315. The background source to the west of 3C 326 has a
significantly steeper spectrum than the feature at the termination
of the western lobe.

2.5. NGC 6251

Waggett et al. (1977) presented the first spectral index map of
this source from observations between 151 and 1417 MHz. They
found a mean spectral index of the jet of α = 0.54 and steeper
spectra in the outer parts of the source (α ∈ [0.5, 1.0]), with
extreme values α > 1.3 in the outermost western part of the
source. The spectral behaviour of the famous jet of NGC 6251
has been investigated by Saunders et al (1981) and by Perley et
al. (1984) in great detail.

In Fig. 5 we present the spectral index distribution of
NGC 6251. The low-frequency spectral index map displays
steep-spectrum regions in the outer lobes (α ≈ 1.7) which are
below the range of significance at higher frequencies. Signifi-
cant spectral asymmetries are not present at these low frequen-
cies. The core has a flat spectrum. The jet spectrum is very
typical (α = 0.6), with a gradual steepening to 0.8 shortly be-
fore it widens up and mixes with the diffuse lobe emission. The
steep spectrum of the counter-jet feature does not support the
relationship of this region to an actual counter jet as has been in-
ferred from morphological arguments. The hot spot spectra are
very different at high frequencies. While the north-western one
possesses a high-frequency spectral index of α = 0.79 ± 0.01,
the south-eastern one is significantly steeper (α = 1.2± 0.04).
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3C 236   Spectral Index Distribution   609 MHz - 4.8 GHz
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3C 236   Spectral Index Distribution   4.8 GHz - 10.6 GHz
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Fig. 3. Spectral index maps of 3C 236
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3C 326   Spectral Index Distribution   326 MHz - 609 MHz
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3C 326   Spectral Index Distribution   609 MHz - 4.8 GHz
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Fig. 4. Spectral index maps of 3C 326
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Table 3. Physical parameters of 3C 236

Region Volume α10550
326 Total luminosity Ueq ueq Heq αinj t

[cm3] [erg sec−1] [erg] [erg cm−3] [µG] [Myr]
total 2.87 · 1073 0.67 1.53 · 1043 1.0 · 1060 3.5 · 10−14 0.7 – –

1 – 0.61 1.05 · 1043 – – – – –
2 1.29 · 1073 0.77 5.11 · 1041 1.2 · 1059 9.5 · 10−15 0.4 0.70 ≤ 7.3
3 5.69 · 1072 0.69 1.39 · 1042 1.3 · 1059 2.3 · 10−14 0.6 0.70 ≤ 7.8
4 7.60 · 1072 0.93 1.18 · 1042 2.1 · 1059 2.8 · 10−14 0.7 0.73 7.2
6 2.53 · 1072 0.76 9.49 · 1041 8.5 · 1058 3.4 · 10−14 0.7 0.50 20.3

Table 4. Physical parameters of 3C 326

Region Volume α10550
326 Total luminosity Ueq ueq Heq αinj t

[cm3] [erg sec−1] [erg] [erg cm−3] [µG] [Myr]
total 7.80 · 1072 0.95 5.87 · 1042 5.5 · 1059 7.0 · 10−14 1.1 – –

1 4.54 · 1072 0.97 3.25 · 1042 3.2 · 1059 7.1 · 10−14 1.1 0.61 27.0
2 1.73 · 1072 1.05 1.47 · 1042 1.5 · 1059 8.9 · 10−14 2.4 0.58 18.5
3 1.53 · 1072 0.75 1.16 · 1042 2.0 · 1059 1.3 · 10−14 0.5 0.62 10.3

3. Energies, magnetic fields, and particle aging

Because of the complex morphologies of the sources we have
estimated the volumes by adding up their individual compo-
nents corresponding to the regions defined in Mack et al. (1997).
For the sake of clarity we show these regions in the “finding
charts”(Fig. 6). The source diameters have mainly been deter-
mined from the radio maps at the highest angular resolution (i.e.
at 609 MHz) unless missing spacings obviously affect the re-
sults. In these cases we used the 326-MHz map. The volumes are
based on cylinder geometry, with effective deconvolved angular
sizes derived as described by Burns et al. (1979).

Knowing the volumes V and radio luminosities L we have
calculated magnetic field strengths Heq and particle energies
Ueq based on equipartition assumptions. This has been done
following the formulae given by Pacholczyk (1970):

Heq =

(
VΦ

6π (1 + k) c12L

)− 2
7

Ueq =
7
4

((1 + k) c12L)
4
7

(
ΦV
6π

) 3
7

Both the filling factor Φ and the proton-electron energy ratio
k have been assumed to be unity. c12 is a constant as given
by Pacholzcyk (1970), that is mainly dependent on the spectral
index. The spectral index used was that determined from our
maps between 326 MHz and 10.6 GHz. The results of these
calculations are shown for each source and its components in
Tables 1 – 5.

Kardashev (1962) studied the basic synchrotron loss models
which were later used by other authors to derive actual source
ages. Van der Laan & Perola (1969), Roland et al. (1985, 1990)
and Roland & Rhee (1989) discussed the importance of diffu-
sion in the loss scenarios. Presently it is assumed that diffusion

losses are small compared to radiative losses. Neglecting these
we have tried to fit different synchrotron models to the radio data
using the code described by Carilli et al. (1991). In particular
these models are:

– the continuous injection (CI) model which assumes a mix-
ture of electron populations of various synchrotron ages. In
this model there is permanent replenishment of fresh parti-
cles so that the injection spectral index αinj steepens only by
αinj + 0.5 beyond the break frequency.

– the Kardashev-Pacholczyk (KP) model which merely in-
cludes a single injection of power-law distributed electrons
(Kardashev 1962, Pacholczyk 1970). The pitch angles of the
electrons are assumed to be constant with time. The high-
frequency slope in this model is 4

3αinj + 1.
– the Jaffe-Perola (JP) model (Jaffe & Perola 1973) which –

similar to KP – incorporates a single injection but permits
permanent pitch angle isotropization. Beyond the spectral
break frequency this model leads to an exponential steepen-
ing of the high-frequency spectrum.

By running the fit routine several times we have tried to get
the best αinj. As a criterion for the quality of the fit we took
reduced χ2 values which are provided by the programme. From
the break frequencies we have calculated particle ages according
to Alexander & Leahy (1987):

t = 1.59 · 103

√
Heq

H2
eq + H2

IC

1√
νB(1 + z)

Here, t is the particle age in Myr, HIC = 3.25(1 + z)2 is the
magnetic field equivalent to the microwave background in µG,
νB is the break frequency in GHz. We have excluded the cores,
where we do not expect to see synchrotron losses, and back-
ground sources which do not belong to the radio galaxies. There
are some cases where the fits yield break frequencies more than
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NGC 6251   Spectral Index Distribution   326 MHz - 609 MHz
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NGC 6251   Spectral Index Distribution   609 MHz - 4.8 GHz
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Table 5. Physical parameters of NGC 6251

Region Volume α10550
326 Total luminosity Ueq ueq Heq αinj t

[cm3] [erg sec−1] [erg] [erg cm−3] [µG] [Myr]
total 2.26 · 1073 0.58 1.0 · 1042 1.6 · 1059 7.2 · 10−15 0.3 – –

1 1.82 · 1071 0.40 8.3 · 1041 1.4 · 1058 7.7 · 10−14 1.1 – –
2 1.06 · 1073 0.77 1.5 · 1041 5.6 · 1058 5.3 · 10−15 0.3 0.78 ≤42
3 6.62 · 1072 0.60 4.7 · 1040 1.7 · 1058 2.6 · 10−15 0.2 0.56 7.6
6 2.11 · 1070 0.55 3.2 · 1040 1.1 · 1057 5.1 · 10−14 0.9 0.60 ≤12
7 4.15 · 1070 1.41 7.0 · 1039 2.1 · 1057 5.0 · 10−14 0.9 0.53 ≤13
8 5.14 · 1072 1.62 1.1 · 1041 9.0 · 1058 1.8 · 10−14 0.5 0.67 41

an order of magnitude greater than the highest observation fre-
quency, i.e. higher than 105 GHz. In these cases we took 105
GHz as a lower limit to the break frequency and calculated up-
per limits to the particle ages. For the cases where a fit was
possible we have listed αinj and t in Table 1 – 5. In all cases the
JP spectrum yielded lower or similar χ2 values compared to the
KP model. In the latter cases we preferred the JP model which
may be the more physical scenario as it allows for pitch angle
isotropization.

4. The ambient medium

Since the GRGs probe the density of the IGM we have used the
parameters derived above to determine particle densities of the
ambient medium. We have balanced the pressure exerted by the
relativistic gas in the radio lobes ( 1

3 ueq, ueq given in Tables 1
– 5) against the pressure of the IGM (neqkT). This leads to the
particle density via

neq[cm−3] =
ueq

3k T

Here k is the Boltzmann constant and T the temperature of
the IGM (in K). We have assumed temperatures of 107 K. The
resulting densities are compiled in Table 6.

A second method to determine densities of the ambient
medium is the depolarization analysis. In a preliminary study of
the polarization data of these sources Klein et al. (1996) found
average densities of a few 10−5 cm−3.

For comparison, we have balanced in a way similar to the
calculations of Lacy et al. (1993) the momentum flux of the jet
against the ram pressure of the external medium over an impact
area A. The head of the source is assumed to advance at speed
β (in units of c−1, c = velocity of light). This yields an estimate
of the density of the IGM via

nrp[cm−3] = 5.32·10−6

(
Ueq

10−59erg

)(
t

Myr

)−1

β−2

(
A

kpc2

)−1

For the constant term a mean atomic weight of 1.4 amu has
been assumed. If Ueq is taken as the total energy of the source it
should be divided by a factor of 2 since the energy is conveyed
in two jets.

The lobe advance speed has often been determined from
spectral aging investigations. This can, however, lead to an

Table 6. Impact areas and particle densities

Source neq impact area nrp

[cm−3] [kpc2] [cm−3]
NGC 315 3.0 · 10−5 59 ≥ 3.8 · 10−6

DA 240 9.2 · 10−6 79 ≥ 1.0 · 10−5

3C 236 1.5 · 10−5 38 3.8 · 10−5

3C 326 3.3 · 10−5 59 1.0 · 10−5

NGC 6251 1.8 · 10−5 59 2.0 · 10−6

overestimate of the speed when particle back-flow and advance
speeds are superposed (Scheuer 1995). Therefore, we took an
average value of 0.03c which is consistent with the results found
by other authors (Lacy et al. 1993), and complies with the find-
ings of Scheuer (1995) who concludes that the growth speeds
of lobes are typically a few per cent of the speed of light.

The effective area A of the drilling jet is also difficult to
determine. We refer to higher-frequency data reported in the
literature. Realistic estimates for the effective areas are only
available for two of the sources, DA 240 and 3C 236. Tsien
(1992) presented a detailed study of the eastern hot spot of
DA 240. He determined a diameter of 10 kpc, derived from high-
resolution observations at 5 GHz, implying an effective area of
79 kpc2. The eastern hot spot of 3C 236 has been observed by
Strom & Willis (1980) at 6 cm wavelength. They estimated its
angular extent to be ∼4′′, corresponding to a linear diameter
of 7 kpc. Assuming that the conditions in the other lobe are
comparable we obtain an impact area for the 3C 236 jet of 38
kpc2. For the other sources things are more difficult. Since there
are no data available we assume that the extents of hot spots
in radio galaxies with similar sizes are of the same order of
magnitude. Therefore, we use the mean of the impact areas of
DA 240 and 3C 236 as a first guess for the other sources. The
effective areas and the resulting densities of the ambient medium
have been compiled in Table 6.

Comparing the densities derived in three independent ways
we find in all cases a consistent density of the IGM of between
1. . . 4·10−5 cm−3. The estimates using ram pressure arguments
seem to be the most uncertain since they strongly depend on
the jet velocity and the sizes of the impact areas. The advance
speed will in general depend on the density profile of the ambi-
ent medium, which can be assumed to decrease with increasing
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Fig. 6. “Finding charts” of the GRGs

distance from the core. So the advance speed may not be con-
stant, but if we assume that it is a constant value of 0.03c, then
the hot spot will move by 0.5 Mpc in 6 · 107 yr. So any syn-
chrotron lifetime which is younger than 6 · 107 yr means that
we are seeing fresh particles. So the young ages in Tables 1 – 5
are evidence for reacelleration or resupply of electrons. On the
other hand if there is no resupply, it means that the sources ad-
vance even faster than 0.03c and the ambient density must be
correspondingly lower.

The sizes of the impact areas are also still a matter of discus-
sion. In order to get at least an upper limit for the IGM densities
we preferred the identification of the impact areas with the area
of a hot spot or a drilling jet at the probable contact zone to the
IGM. Therefore, high-resolution observations of these regions
would be mandatory to obtain more exact numbers. This would
be especially helpful for sources like NGC 315 or NGC 6251.
Jet widths closer to the core cannot always be extrapolated to
the size of the working area (like in NGC 6251). Sources like
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3C 326 without known jets or hot spots form the biggest prob-
lem in the determination of intergalactic particle densities as is
attempted in this work. A deeper search for indications of the
working area in these sources would be valuable.

If we assume the model of Begelman & Cioffi (1989) to be
valid also in GRGs our estimate of the IGM density would only
be an upper limit. In this case a cocoon of shocked gas which
surrounds the radio galaxies would be overpressured compared
with the IGM. An upper limit will also be derived if the dentist’s
drill model (Scheuer 1982) is applied.

In any case, the derived densities are at least one order of
magnitude lower than typically found in clusters of galaxies,
where GRGs are usually not observed. This implies that the
lower density of the ambient medium around the host galaxies
of GRGs could be a strong reason for the GRG phenomenon.

5. Summary

We have derived spectral index distributions of the five most
extended (in terms of angular size) GRGs. For the first time this
was carried out in a frequency range between 326 MHz and 10.6
GHz. This is important since e.g. spectral asymmetries appear
to be much more obvious at higher frequencies compared to
the appearance at low or intermediate-frequency ranges. The
low frequencies are helpful to set constraints to the injection
spectral index which is one of the free parameters when fitting
synchrotron loss models. The ages resulting from these fits are
typical for radio galaxies since they are in the same range as
ages found by other authors for smaller-scaled radio galaxies
(Alexander & Leahy 1988, Carilli et al. 1991, Klein et al. 1995).
This means that particles in GRGs are not any ‘older’ than, e.g.
in smaller-scaled 3C sources. From estimates of the effects of the
ambient medium on the sources we obtain particle densities of a
few 10−5 cm−3 which is at least one order of magnitude below
the densities derived for smaller-scaled sources, especially those
within clusters of galaxies where GRGs are not observed. This
argues for the GRGs being so huge because of their low-density
environments and not because of higher ages.
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