
the F-GAMMA program:

on the unification of continuum radio spectra variability patterns 
seen in Fermi-GST blazars

Phenomenological classification of the spectrum variability pattern
The variability patterns shown by any source in Figure 2 can be classified in only one of 5 major 
“classes” which are termed numerically between 1 and 5. (Four of them show also sub-classes): 

A. “chromatic” classes:

Class 1 - Fig. 1(a): The variability pattern dominated by spectral evolution. The spectrum appears con-
vex, its peak is drifting within the band-pass. The shape is changing to flat or mildly steep power law 
followed by new events. No evidence of quiescence spectrum. 
Class 1b - Fig. 1(b): It shows same characteristics but the lowest frequency does not show significant 
variability. The activity seizes before this part of the spectrum but the flux density level reached is high 
compared to that at the lowest frequency. 
Class 2 - Fig. 1(c): Also dominated by spectral evolution. The important difference is that the flux den-
sity at lowest frequency during the steepest spectrum phase is higher than that during the inverted 
spectrum phase. The maximum flux density reached is significantly above that at the lowest frequency. 
Hints that the observed steep spectrum is not a quiescence spectrum but the “echo” of a recent, out-
burst. 
Class 3 - Fig. 1(d):  Also dominated by the spectral evolution. The identifying characteristics is: (a) that 
the lowest frequency practically does not vary and, (b) the maximum flux density reached by outbursts 
is comparable to that at the lowest band-pass frequency. This leaves hints that the events seize very 
close to the lowest frequency of the band-pass and hence a quiescence spectrum is becoming barely 
evident. 
Class 3b - Fig.1(e): Here however the quiescence spectrum is seen clearly at least at the 2 lowest fre-
quencies. 
Class 4 - Fig. 1(f): Sources of this type spend most of the time as steep spectrum ones which are 
sometimes showing an outburst of relatively low power propagating towards low frequencies.  
Class 4b - Fig. 1(g): This type includes persistently steep spectrum cases.

B. “achromatic” classes:

Class 5 - Fig. 1(h): In this case the spectrum is convex and follows an “achromatic” evolution. That is, 
it shifts its position in the S − ν space preserving its shape. 
Class 5b - Fig. 1(i): This type shows principal characteristics similar to the previous one but there is a 
significant shift of the peak (Sm, νm) towards lower frequencies as the peak flux density increases.

100-m Effelsberg
Located in Effelsberg it 
covers the band 2.64 - 43 
GHz with a precision of a 
few percent for monthly 
sampling of 60 sources

30-m IRAM
Located in Granada, Spain 
it covers the band 86 - 
250 GHz monthly also for 
roughly 60 sources

12-m APEX  
It covers the 345 GHz 
band and it is located in 
Atacama desert in Chile at 
an altitude of 5100 m
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Abstract
On the basis of Effelsberg and IRAM data alone (2.6 - 240 GHz), the broad-band spectra exhibit vari-
ability patterns which at first look appear erratic. As we discuss here, the apparent “ocean” of variabil-
ity patterns (see Figure 2) can organized into only 5 classes on the basis of their phenomenological 
characteristics. Consequently, we propose that 4 of these classes can naturally be explained by the 
same principal system of a quiescent spectrum underlying a flaring event while for the last class an 
dependent mechanisms must be responsible.

The F-GAMMA program
The F-GAMMA program aims at understanding the physics at work in AGN via a multi-frequency moni-
toring approach. A number of roughly 65 Fermi-GST detectable blazars are being monitored 
monthly since January 2007 chiefly at radio wavelengths. The core program relies on the 100-m Ef-
felsberg telescope operating at 8 frequencies between 2.6 and 43 GHz, the 30-m IRAM telescope 
observing at 86, 145 and 240 GHz and the APEX 12-m telescope at 345 GHz. Beyond that, the OVRO 
40-m telescope team is approaching the problem in a complementary manner monitoring roughly 
1200 sources a couple of times per week.  Optical data are provided by the Abastomani 70-cm and 
1.25-m telescopes.

Figure 2
Examples of monthly sampled, broad-band radio spectra. Here Effelsberg and IRAM data alone are presented (2.6-240 GHz). The plural-
ism of variability patterns is apparent. 
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Figure 1
The prototypes for the 5 classes of our classification
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Unification scheme for the variability patterns
All variability patterns from class 1 to 4b can all be naturally explained on the basis of a two-
component principal system made of:
1. A power law quiescence spectrum with S ~ να (optically thin emission from relaxed large scale jet).
2. A convex SSA spectrum of an outburst superimposed on the quiescence part. 
Figure 3 on the left captures the idea. The shaded areas denote our band-pass. On this ground the 
phenomenologies from class 1 to 4b are due to different: 
1. relative position of the centre of our band-pass with respect to the source spectrum.
2. The relative width of the shaded areas relative to the width of the bridge (the total minimum) be-

tween the optically thick part of the outburst and the steep part of the quiescence spectrum denot-
ing the fraction of the spectrum that the bandpass can sample.

Now the relative position and width of our band-pass with respect to the source spectrum can be 
modified from source-to-source by: (a) the redshift modulus  and (b) intrinsic properties modulus. 

Reproducing the observed phenomenologies
We assume that all the events are due to same process, (shocks evolving in jets), seen at different evo-
lutionary stages nd different redshifts. We have then traced their temporal evolution using the shock-in-
jet model (Marscher & Gear 1985; Tuerler et al. 2000). We have assumed three cases: 1. weak source 
with a low quiescent spectrum, 2. medium source with a regular quiescent spectrum, and 3. pow-
erful source with a high quiescent spectrum. Then we follow its evolution:

Conclusions
It appears that only two major mechanisms producing variability:
1.  Spectral evolution dominated (chromatic) 
2.  achromatic variability mechanism

So far no source has shown a switch in type suggesting:
1.Either the mechanism is a source fingerprint 
2.It is determined by source intrinsic properties that stay
invariant in time or change with pace much slower than we can sample.

Although phenomenologies from 1-4b can well be explained by the shock-in-jet model, classes 5 and 
5b are yet to investigated. Other mechanisms must be invented.
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The Simulated behavior
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E. Angelakis et al.: On the phenomenological classification of continuum radio spectrum variability pattern

Fig. 7. Spectral evolution at different redshifts for a weak source. Upper panel: Calculated spectral evolution. Lower panel: Expected spectral
evolution in the frequency range 2 - 140GHz.
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Fig. 5. Spectral evolution at different redshifts for a powerful source. Upper panel: Calculated spectral evolution. Lower panel: Expected spectral
evolution in the frequency range 2 - 140GHz.

Fig. 6. Spectral evolution at different redshifts for a medium source. Upper panel: Calculated spectral evolution. Lower panel: Expected spectral
evolution in the frequency range 2 - 140GHz.
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Fig. 5. Spectral evolution at different redshifts for a powerful source. Upper panel: Calculated spectral evolution. Lower panel: Expected spectral
evolution in the frequency range 2 - 140GHz.

Fig. 6. Spectral evolution at different redshifts for a medium source. Upper panel: Calculated spectral evolution. Lower panel: Expected spectral
evolution in the frequency range 2 - 140GHz.
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Fig. 2. The assumed principal system. NOT IN SCALE

Let us assume a two-component principal system located at
z = 0. The assumed system consists of:

1. A power law quiescence spectrum with S ∝ να and α ≈
−0.5. Naturally, this spectrum is attributed to the optically
thin diffuse emission coming from a relaxed large scale jet.

2. A convex synchrotron self-absorbed spectrum representative
of an outburst superimposed on the quiescence part.

A qualitative depiction of the assumed configuration is presented
in Fig. 2. The phenomenology shown there captures the system
(solid line) at an instant in time. Our interpretation of the vari-
ability types is inscribed into two parameters of the shaded areas
shown there. That is:

1. The position of the shaded areas relative to the high fre-
quency peak (i.e. the peak of the outburst). This parameter
denotes the relative position of the centre of our band-pass
with respect to the source spectrum.

2. The width of the shaded areas relative to the width of the
bridge (the total minimum) between the optically thick part
of the outburst and the steep part of the quiescence spectrum.
This parameter is actually denoting the fraction of the spec-
trum that the bandpass can sample.

If now the outburst was permitted to evolve following a certain
evolutionary scenario such as the shock-in-jet (Marscher & Gear
1985), the peak would drift its position towards lower frequen-
cies from its current position. A final piece of complexity can
be added by allowing consequent flares to evolve down the fre-
quency band expanding anywhere around. Both these factors of
complexity are related to the part of the spectrum and the spec-
tral evolution that takes place within the observing band-pass
and hence are merged in the width parameter introduced above.

To summarize, the position of the band-pass relative to the
spectrum and its broadness relative to the frequency range cov-
ered by the spectrum and the spectral evolution, can explain the
types between 1 and 4b that we observe. The types 5 and 5b
however, must be treated separately +++. In the next section, we
discuss the mechanisms that can shift the band-pass relative to

the rest-frame spectrum causing an apparent change in the band-
pass relative position and changes in its relative broadness.

5.3. Unification of different variability types

In the following it is argued that all variability types between 1
and 4b can be interpreted on the basis of the combination of a
redshift modulus and an intrinsic properties modulus.

The redshift modulus : Let us assume a principal system as
shown in Fig. 2 lying at z = 0 and a band-pass between 2 and
43GHz (+++). For this particular case the peak of the outburst
is around 200GHz. If the source was redshifted the relative po-
sition of the band-pass would change and a different part of the
spectrum would be sampled with the same facility. This is el-
egantly depicted by blue-shifting the band-pass instead of red-
shifting the spectrum.

The intrinsic properties modulus : Different sources with dif-
ferent values of certain parameters show different spectral char-
acteristics:

– Different peak frequency of the SSA spectrum of the outburst
– Different peak flux density excess of the outburst relative to
the quiescence spectrum

– wideness of the valley
– wideness of the SSA spectrum of the outburst

In order to verify the above assumption, we have performed
simulations scanning the redshift parameter space as well as
those parameters that can cause variations of intrinsic spectral
properties.

Given the evolution of a flaring event in the Sm − νm space
and the fact that the above considerations are based on the snap-
shot assumption, the evolution an cause degeneracies in the ob-
served type. A neat approach would be to superimpose the result
of three independent effects which can affect the relative posi-
tion and broadness of the observed spectrum to the bandpass:
(a) redshift: causes a constant shift of the intrinsic spectrum to-
wards lower frequencies so that nu = nuprime/(1 + z), (b) in-
trinsic properties that shift the whole spectrum in a redshift-like
fashion and (c) the evolution of flare that is described e.g. by
the shock-in-jet model. The last factor (c) will cause variability
within the band pass whereas (a) and (b) will determine whether
this variability will be observable or not for a certain band-pass.
In facto, factor (c) will even determine the part of the evolution
that we will be detecting and it must vary from source to source
and hence depend on the source properties. Factor (a) has a very
clear influence, well defined and clearly described that needs no
further elaboration. Factor (b) on the other hand is not trivially
controllable. One way to quantify this is a as follows; Assue that
the variability is caused indeed by the shock-in-jet model. On
the basis of this theory the flare is passing 3 distinct stages of
evolution where the Compton, Synchrotron and Adiabatic en-
ergy losses respectively, dominate. If we assume that the syn-
chrotron stage is of null duration (that is it does not occur), then
we have a position in the spectrum which will be independent
of the flare: the frequency where the adiabatic losses equal the
Compton losses.

Now the questions which arises, is: what does this frequency
depend on?

The following part is from Manolo + Christian:
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Figure 3
The 2-component principal system assumed to explain the observed phenome-
nologies for classes between 1 and 4b. The shaded area marks the observing  
band-pass. 


