
Found predominantly in massive ellipticals, radio-loud active galaxies are 
observed to have structure which can extend to scales of hundreds of 
kiloparsecs to megaparsecs, meaning that they are not only able to 
interact with the interstellar medium, but also the environment in which 
the galaxy itself resides. It is now well established that powerful radio 
galaxies may provide the solution to the ‘red and dead’ dilemma in which 
large elliptical galaxies, where gas  should be abundant, are observed to 
have lower than expected star formation rates. As these radio galaxies 
have not only the potential to have such a large influence on their 
environment but can also be the primary channel for energy loss from 
supermassive black holes, understanding the dynamics, energetics and 
processes which occur within such systems is vital if we are to understand 
galaxy evolution. 

Determining the shape of the energy spectrum for an electron population 
can often give important insights in to the underlying physics of the radio 
source. A region producing synchrotron radiation, such as is the case in the 
lobes of FR-II galaxies, in a fixed magnetic field will have energy losses 

which scale as 
𝒅𝑬

𝒅𝒕
∝ 𝝂𝟐; hence, in the absence of particle acceleration, we  

expect preferential cooling of higher energy electrons leading to a steeper, 
more strongly curved spectrum in older regions of plasma. Accurately 
modelling these losses can therefore allow the age, dynamics and 
ultimately the power of such sources to be determined. Models of this 
‘spectral ageing’ have therefore become a commonly used tool when 
describing the processes involved in these galaxies. 

 

As spectral steepening becomes observable at frequencies above a few GHz, the 
resolution obtained by the JVLA at C-band frequencies (4.0-8.0 GHz) was a 
natural choice for making the required observations. 
 
In choosing our targets it was important that we were confident of seeing all 
known structure and so the largest angular size of our targets must be well 
sampled at the highest observed frequencies. At the same time, we required a 
reasonably large angular size in order to be able to make well-resolved images at 
the lowest frequencies. This limited us to sources with angular sizes  between 
100 and 180 arcseconds. We selected targets from the 3CRR sample which 
contains many well-studied FR-II sources and in order to extend our 
investigation beyond the C-band range, we restricted ourselves to z < 0.3 since 
good X-band (8.0 - 8.8 GHz) and L-band (1.34 - 1.73 GHz) VLA observations were 
available. In order to obtain the best signal to noise ratio the brightest two 
sources, 3C438 and 3C300, were chosen for observation. 
 
At the time of proposal the JVLA was still at an intermediate stage of 
development. In order to simulate the broadband nature of the fully upgraded 
instrument, observations were made using 128-MHz bandwidth spread 
logarithmically throughout the whole C-band. In order to ensure both compact 
and diffuse emission was sampled, observations were obtained in  both C and D 
configurations. These were then combined with archival L-band (1.34 - 1.73 GHz) 
and X-band (8.0 - 8.8 GHz)  data to increase our frequency coverage. 
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Two of the most widely used models of spectral ageing are those first 
proposed by Kardashev (1962) and Pacholczyk (1970) (the KP model) and 
by Jaffe & Perola (1973) (the JP model). The primary difference between 
these two models lies in the assumption of the pitch angle of the electrons 
to the magnetic field. For the KP model the pitch angle is taken to be 
fixed, whereas in the JP model it is instead time averaged.  
 

The underlying assumption for both of these models is that the magnetic 
field strength constant throughout the source which in the case of FR-II 
galaxies, is unlikely to be the case. We therefore also provide the first 
robust test of a model proposed by Tribble (1993) which attempts to 
account for varying magnetic fields. Traditionally, this model has been 
computationally expensive and difficult to test; however, a recent paper 
by Hardcastle (2013) shows that in the weak field, strong diffusion case, it 
is well described by the standard JP model integrated over a Maxwell-
Boltzmann distribution, something which can be easily determined with 
current computing capabilities. 
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Through the spectral analysis of two bright FR-II sources, we have addressed many of the outstanding issues of spectral 
ageing in the lobes of  FR-II radio galaxies.  The  key results from this investigation are listed below: 
 
(i) We present the first high spectral resolution analysis of spectral ageing in FR-II galaxies. Our analysis further supports 

the idea that spectral ageing has at least some physical basis in reality, although we suggest that classical (JP and KP) 
models provide a somewhat naive view of the source. 
 

(ii)  Lobe advance speeds agree well with previous studies of similar FR-II sources. We suggest the elongated morphology 
and fast advance speed of the northern lobe of 3C300 is environmental in nature. 
 

(iii) Using dynamical models, we confirm the findings of Eilek (1996) that a discrepancy exists between those ages 
determined spectrally and those determined dynamically. We place an upper limit on this discrepancy of 10 times the 
spectral age for our sources. We find that although lower magnetic field strengths cannot in isolation fully account for 
this disparity, they potentially play a major role in reconciling these values. 
 

(iv)  In both sources observed, the KP model provides a better fit than the (more physically realistic) JP model of spectral 
ageing: However, we find that the Tribble mode fits as well as the KP model whilst maintaining  retaining the physical 
justification of the JP model. We therefore suggest that the Tribble model may provide the next step towards 
accurately describing spectral ageing in the lobes of FR-II galaxies. 

With the new generation of radio telescopes such as the JVLA coming online, 
the analysis of spectral energy distributions over broad bandwidths is set to 
become common practice; however, the tools to effectively deal with such data 
are currently not yet available. We therefore developed the Broadband Radio 
Analysis Tools (BRATS) software package to address this issue. Traditionally, the 
regions over which integrated flux values are obtained in the analysis of spectral 
ageing are large and few in number. The improved performance of the JVLA and 
subsequent improvement in image fidelity mean it is now possible to consider 
regions much smaller regions than has previously been viable and often on a 
pixel by pixel basis.  
  

The BRATS software provides a wide range of region selection, model fitting, 
visualisation and statistical tools for analysing broadband radio maps, key of 
which to this investigation are: 
 
• Automatic selection of radio map regions for a given parameter set. 
• Fitting and statistical testing of spectral ageing models. 
• Determination of source properties as a function of position (e.g. spectral 

index, spectral age, goodness-of-fit). 
• Determination of model parameters (e.g. injection index). 
• Source reconstruction and subtraction for a given spectral ageing model. 

 
Further details can be found at http://www.askanastronomer.co.uk/brats  or by 
contacting the lead author directly. 

 

We strongly suggest that many of the assumptions previously held when undertaking spectral ageing investigation must be 
viewed with caution. In particular: 
 

• The best-fitting injection indices of the JP, KP and Tribble models (Figure 2) all converge to 0.86 for 3C436 and 0.82 for 
3C300, much higher than the commonly assumed values. We suggest further investigations are made at low frequencies in 
an attempt to determine a reliable range of injection index values. 
 
•  We find that even in the close to ideal case of 3C436, non-negligible age variations are present across the width of the 
lobe (Figure 2). We show how determining a lobe’s spectra based on large regions spread along the length of the lobe (as 
has historically been the case) can bias model fitting towards low ages and poor fits. 
 
•  A non-negligible contribution from the jet of FR-II sources is observed even at moderate resolutions. Whilst this may 
provide a method of jet location where high resolution maps are not available it is also a possible source of  contamination 
when determining spectral ages. 

Source 
Injection 

Index 
Ageing 
Model 

Northern Lobe Southern Lobe 

Maximum Age 
(Myrs) 

Advance Speed 
(10-2 β) 

Maximum Age 
(Myrs) 

Advance Speed 
(10-2 β) 

3C436 0.82 JP 5.90 ± 0.45 16.8 ± 1.3 5.90 ± 0.45 13.6 ± 1.1 

0.82 KP 6.30 ± 0.48 15.7 ± 1.2 6.30 ± 0.48 14.6 ± 1.0 

0.82 Tribble 6.91 ± 0.52 14.4 ± 1.1 6.91 ± 0.52 12.4 ± 0.9 

0.60 JP 17.4 ± 1.3 5.70 ± 0.43 17.4 ± 1.3 4.94 ± 0.37 

0.60 KP 16.4 ± 1.2 6.05 ± 0.46 16.4 ± 1.2 5.24 ± 0.40 

0.60 Tribble 18.2 ± 1.4 5.45 ± 0.41 18.2 ± 1.4 4.72 ± 0.36 

3C300 0.82 JP 4.50 ± 0.48 31.1 ± 2.8 5.60 ± 0.51 12.0 ± 1.0 

0.82 KP 5.20 ± 0.41 26.9 ± 2.5 5.90 ± 0.54 11.4 ± 1.1 

0.82 Tribble 5.60 ± 0.51 25.0 ± 2.3 6.50 ± 0.59 10.3 ± 0.9 

0.60 JP 10.5 ± 1.0 13.3 ± 1.2 13.8 ± 1.3 4.86 ± 0.44 

0.60 KP 11.0 ± 1.0 12.7 ± 1.2 13.0 ± 1.2 5.15 ± 0.47 

0.60 Tribble 12.8 ± 1.2 11.4 ± 1.0 14.4 ± 1.3 4.65 ± 0.43 

Figure 3. Residual flux  maps of 3C436 (top) and 3C300 (bottom) from the 
subtraction of the reconstructed KP model source  from the observed source. 
Regions of model flux overestimation (left) and underestimation (right) are 
shown. Scale is in units of Jy beam−1.  

Figure 1. Combined frequency radio maps of 3C436 (left) and 3C300 (right) between 4 and 8 GHz scaled to 6.0 GHz 
using the BRATS software package. The off-source RMS of the combined maps is 27 and 33 μJy beam−1 for 3C436 
and 3C300 respectively.  

Figure 2. Top: χ2 values for 3C436 (left) and 3C300 (right) for varying injection index 
values. Note that minima occur at 0.86 for 3C436 and at 0.82 for 3C300 for all models. 
Bottom: Spectral ageing maps of 3C436 (left) and 3C300 (right) using the Tribble 
model with 7.2 GHz flux contours overlaid. Both maps use their respective best fitting 
injection index from the minimisation plots (top) and as listed in Table 1. 

Table 1. Table of maximum spectral ages for 3C436 and 3C300.  All three tested models are listed for both the best 
fitting injection indices (Figure 2) and the commonly assumed value of 0.6. Lobe advance speeds are  showing in 
units of 10-2 β, where β = v/c. 


