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blazar phenomenology extreme variability - time domain

Fuhrmann et al. 2008
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broad-band emission 

Abdo et al. (2009e)

Abdo et al. (2009b) Abdo et al. (2010b)
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blazar phenomenology extreme variability - frequency 
domain

Krichbaum et al. in prep. Angelakis et al. in prep.
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blazars

• emission originating in jets 
oriented very close (≤ 20 − 
30◦ ) to the line of sight (e.g. 
Urry & Padovani 1995) , 

causing:  

‣ extreme flux density 
variability, moderate degree 
of linear polarization, high 
superluminal motions and 
brightness temperatures

etc ...

taken by wikipedia
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the basic question

• where does it happen: close to 
the engine in the BLR or far out 
in the jet re-acceleration 
regions

• what is the photon field? is it 
the same photons a those we 
see as synchrotron or do they 
come from the torus

• after all, what is the emission 
mechanism, are the radio and 
gamma-rays, correlated?
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F-GAMMA program
Fermi-GST AGN Multi-wavelength Monitoring Alliance: 

www.mpifr.de/div/vlbi/fgamma

monthly monitoring program for ~60 Fermi-GST blazars 
at 2.6 - 345 GHz + optical, optical polarimetry and gamma-rays

L. Fuhrmann, E. Angelakis, J. A. Zensus, T. P. Krichbaum 
I. Nestoras, R. Schmidt

Tuesday, September 6, 2011

http://www.mpifr.de/div/vlbi/fgamma
http://www.mpifr.de/div/vlbi/fgamma


100-m Effelsberg

‣Monthly monitoring of ~60 sources
‣ 2.64 - 43 GHz at 8 frequency steps
‣ Simultaneous spectra within 40 minutes

L. Furhmann, E. Angelakis, I. Nestoras, 
J. A. Zensus, N. Marchili, T. P. 
Krichbaum

30-m IRAM

‣Monthly monitoring of ~60 sources
‣ 86, 142 and 228 GHz
‣ Simultaneous spectra within 2 minutes

H. Ungerechts, A. Sievers, D. Riquelme

12-m APEX  

‣ Irregular “filler” monitoring
‣ 345 GHz
‣ accuracy <15%

S. Larson, A. Weiss

Tuesday, September 6, 2011



70-cm meniscus and 125-cm 
Ritchey-Chretien telescopes.
Abastumani Observatory

‣Monthly monitoring of ~90 sources

Omar Kurtanidze, Maria Nikolashvili, 
Givi Kimeridze, Lorand Sigua, Revaz 
Chigladze 

1.3 m Skinakas telescope, Crete, 
Greece

‣ polarimetry (Expected Spring 2012)

I. Papadakis
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Korean VLBI Network 21-m radio 
telescope Korea Astronomy and 
Space Science Institute

‣Monthly monitoring of ~90 sources
‣ 13 , 7 mm

Bong Won Sohn, Pulun Park, Sang-
Sung Lee, Do-Young Byun, Jee Won 
Lee, Jung Hwan Oh

40-m OVRO telescope

‣ ~1200 blazars at least 2–3 times per 
week (Richards et al. in  prep.)
‣ 15 GHz

Caltech: A. C. S. Readhead, V. 
Pavlidou, J. Richards, W. Max-
Moerbeck, T. Pearson
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The Planck satellite

‣ Occasional monitoring of ~20 sources
‣ 30-857 GHz 

J. P. Rachen et al.

Fermi-GST

‣ 4π  / 3 hours
‣ 20 MeV to  300 GeV

L. Fuhrmann, J. A. Zensus, I. Nestoras

Tuesday, September 6, 2011



F-GAMMA  program

• detection of radio jet emission 
in a NLSY1, challenging our 
current understanding that jets 
are associated exclusively with 
“old” ellipticals (Foschini et al. 
2010)
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2011nlsg.confE..26F

14 Fuhrmann et al.: The F-GAMMA program
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Fig. 8. LBAS γ-ray flux and photon index vs. radio flux at 4.85 GHz (top), 15 GHz (middle) and 86 GHz (bottom) for the LAT detected sources in
the EB/PV sample.
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Fig. 9. Left: Distribution of Monte-Carlo simulated r−values for Fermi-LAT vs. 60 mm radio fluxes; Middle: same for Fermi-LAT vs. 20 mm
radio fluxes; Right: same for Fermi-LAT vs. 3 mm radio fluxes.

Fuhrmann, Angelakis et al, in prep.
Pavlidou et al. submitted

• unification and physical 
interpretation of the radio 
spectra variability patterns in 
Fermi-GST blazars

• a correlation between Sradio and 
Sgamma free of redshift biases

Angelakis et al, in prep.

Tuesday, September 6, 2011
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Mechanism 2

Mechanism 1

Angelakis et al. in prep.

E. Angelakis et al.: On the phenomenological classification of continuum radio spectrum variability pattern
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(i) Type 5b

Fig. 2. The prototypes of the 5 classes and their sub-classes. All of them are plotted in the same scale to allow comparisons. The prototypes have
all the available data which makes their definition difficult to see. Probably we should plot the spectra only every second. The first 4 classes can be
interpreted with a simple physical systems made of one quiescent optically thin component underlying a flaring Synchrotron self-absorbed flaring
event.

Type 5b: This type shows, in principle, characteristics
similar to the previous one but there occurs a significant shift
of the peak (Sm, νm) towards lower frequencies as the peak flux
density increases.

This classification is done solely on the basis of the phe-
nomenological characteristics of the variability pattern shown
by the radio spectra within a given band-pass. This explains
the fragmentation of the classification to several numerous types
despite the clear hints that some of those could be further uni-
fied. This is discussed later when a physical interpretation is at-
tempted (Sect. ??).

5.2. A physical interpretation of the different types

In the following it will be shown that the seemingly arbitrary
classification discussed in Sect. 5.1 is subject to an interpretation
of physical meaning so that the first four types can be reproduced
by a simple two-component system.

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
is this what chris is assuming. This spectrum can be seen as
the manifestation of an optically thin diffuse emission com-
ing from a relaxed large scale jet or even a population of aged
electron that have caused a recent flaring event.

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

A qualitative depiction of the assumed configuration is pre-
sented in Fig. 2. The phenomenology shown there captures the
system (solid line) at an instant in time. On the basis of this as-
sumption the spectrum that would be observed at an instant of
time, is inscribed in two parameters of the shaded areas shown
there:

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.
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Unification of the variability pattern

E. Angelakis et al.: On the phenomenological classification of continuum radio spectrum variability pattern
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(i) Type 5b

Fig. 2. The prototypes of the 5 classes and their sub-classes. All of them are plotted in the same scale to allow comparisons. The prototypes have
all the available data which makes their definition difficult to see. Probably we should plot the spectra only every second. The first 4 classes can be
interpreted with a simple physical systems made of one quiescent optically thin component underlying a flaring Synchrotron self-absorbed flaring
event.

Type 5b: This type shows, in principle, characteristics
similar to the previous one but there occurs a significant shift
of the peak (Sm, νm) towards lower frequencies as the peak flux
density increases.

This classification is done solely on the basis of the phe-
nomenological characteristics of the variability pattern shown
by the radio spectra within a given band-pass. This explains
the fragmentation of the classification to several numerous types
despite the clear hints that some of those could be further uni-
fied. This is discussed later when a physical interpretation is at-
tempted (Sect. ??).

5.2. A physical interpretation of the different types

In the following it will be shown that the seemingly arbitrary
classification discussed in Sect. 5.1 is subject to an interpretation
of physical meaning so that the first four types can be reproduced
by a simple two-component system.

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
is this what chris is assuming. This spectrum can be seen as
the manifestation of an optically thin diffuse emission com-
ing from a relaxed large scale jet or even a population of aged
electron that have caused a recent flaring event.

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

A qualitative depiction of the assumed configuration is pre-
sented in Fig. 2. The phenomenology shown there captures the
system (solid line) at an instant in time. On the basis of this as-
sumption the spectrum that would be observed at an instant of
time, is inscribed in two parameters of the shaded areas shown
there:

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.

4

E. Angelakis et al.: On the phenomenological classification of continuum radio spectrum variability pattern

 0.1

 1

 10

 100

 1  10  100  1000  10000

S 
(J

y)

Frequency (GHz)

J0238+1636 (AO0235+16) 2007.03
2007.58
2009.95
2007.07
2007.15
2007.23
2007.38
2007.48
2007.55
2007.63
2007.65
2007.71
2007.77
2007.86
2007.88
2007.96
2008.05
2008.13
2008.22
2008.34
2008.41
2008.49
2008.57
2008.64
2008.71
2008.79
2008.85
2008.93
2009.02

2009.06
2009.18
2009.28
2009.41
2009.48
2009.58
2009.66
2009.74
2009.84
2009.91
2010.01
2010.08
2010.16
2010.20
2010.25
2010.33
2010.39
2010.48
2010.58
2010.62
2010.71
2010.79
2010.87
2011.02
2011.08
2011.17
2011.21
2011.33
2011.43

(a) Type 1

 0.1

 1

 10

 100

 1  10  100  1000  10000

S 
(J

y)

Frequency (GHz)

J0854+2006 (OJ287) 2007.42
2008.17
2007.07
2007.15
2007.23
2007.32
2007.38
2007.48
2007.55
2007.65
2007.71
2007.77
2007.88
2007.96
2008.05
2008.13
2008.22
2008.34
2008.41
2008.49
2008.57
2008.64
2008.71
2008.79
2008.85
2008.93
2009.02
2009.06

2009.18
2009.33
2009.41
2009.48
2009.58
2009.66
2009.74
2009.84
2009.91
2010.01
2010.08
2010.16
2010.20
2010.25
2010.33
2010.39
2010.48
2010.62
2010.71
2010.79
2010.87
2011.02
2011.08
2011.17
2011.21
2011.33
2011.43

(b) Type 1b

 0.1

 1

 10

 100

 1  10  100  1000  10000

S 
(J

y)

Frequency (GHz)

J0530+1331 (PKS0528+134) 2007.03
2008.17
2009.12
2009.13
2007.15
2007.23
2007.55
2007.63
2007.65
2007.71
2007.77
2007.88
2007.96
2008.05
2008.13
2008.22
2008.34
2008.41
2008.49
2008.57
2008.60
2008.64
2008.71
2008.79
2008.85
2008.93
2009.02
2009.06

2009.18
2009.28
2009.33
2009.41
2009.48
2009.58
2009.66
2009.74
2009.84
2009.91
2010.01
2010.08
2010.16
2010.20
2010.25
2010.33
2010.39
2010.48
2010.58
2010.62
2010.71
2010.79
2010.87
2011.02
2011.17
2011.21
2011.33
2011.43

(c) Type 2

 0.1

 1

 10

 100

 1  10  100  1000  10000
S 

(J
y)

Frequency (GHz)

J2232+1143 (CTA102) 2007.03
2008.29
2009.95
2007.07
2007.15
2007.23
2007.32
2007.38
2007.55
2007.63
2007.71
2007.77
2007.86
2007.88
2007.96
2008.05
2008.13
2008.22
2008.34
2008.41
2008.49
2008.57
2008.64
2008.71
2008.79
2008.85
2008.93
2009.02
2009.06

2009.18
2009.28
2009.33
2009.41
2009.48
2009.58
2009.66
2009.74
2009.84
2009.91
2010.01
2010.08
2010.16
2010.20
2010.25
2010.33
2010.39
2010.48
2010.58
2010.62
2010.71
2010.79
2010.87
2011.02
2011.08
2011.21
2011.33
2011.43

(d) Type 3

 0.1

 1

 10

 100

 1  10  100  1000  10000

S 
(J

y)

Frequency (GHz)

J0418+3801 (3C111) 2007.03
2007.58
2008.17
2009.36
2007.15
2007.23
2007.32
2007.48
2007.63
2007.65
2007.71
2007.77
2007.88
2007.96
2008.05
2008.13
2008.22
2008.34
2008.41
2008.49
2008.57
2008.64
2008.71
2008.79
2008.85
2008.93
2009.02

2009.06
2009.18
2009.28
2009.33
2009.41
2009.48
2009.58
2009.66
2009.74
2009.84
2009.91
2010.01
2010.08
2010.20
2010.25
2010.33
2010.39
2010.48
2010.58
2010.62
2010.79
2010.87
2011.02
2011.17
2011.21
2011.33
2011.43

(e) Type 3b

 0.1

 1

 10

 100

 1  10  100  1000  10000

S 
(J

y)

Frequency (GHz)

J1130-1449 (PKS1127-14) 2007.48
2007.63
2007.77
2007.86
2007.88
2007.96
2008.05
2008.13
2008.22
2008.34
2008.41
2008.49
2008.57
2008.64
2008.71
2008.79
2008.85
2009.02
2009.28
2009.33
2009.41

2009.48
2009.58
2009.66
2009.74
2009.84
2009.91
2010.08
2010.20
2010.25
2010.33
2010.39
2010.48
2010.58
2010.62
2010.79
2010.87
2011.02
2011.17
2011.21
2011.33
2011.43

(f) Type 4

 0.1

 1

 10

 100

 1  10  100  1000  10000

S 
(J

y)

Frequency (GHz)

J0738+1742 (PKS0735+17) 2007.07
2007.15
2007.23
2007.38
2007.48
2007.55
2007.65
2007.71
2007.77
2007.88
2007.96
2008.05
2008.13
2008.22
2008.34
2008.41
2008.49
2008.57
2008.64
2008.71
2008.79
2008.85
2008.93
2009.02
2009.06

2009.18
2009.28
2009.33
2009.58
2009.66
2009.74
2009.84
2009.91
2010.01
2010.20
2010.25
2010.33
2010.39
2010.48
2010.58
2010.62
2010.71
2010.79
2010.87
2011.02
2011.08
2011.17
2011.21
2011.33
2011.43

(g) Type 4b

 0.1

 1

 10

 100

 1  10  100  1000  10000

S 
(J

y)

Frequency (GHz)

J0730-1141 (0727-11) 2009.12
2007.65
2007.71
2008.49
2008.57
2008.60
2008.71
2008.79
2008.85
2008.93
2009.18
2009.28
2009.33
2009.58
2009.66
2009.74
2009.84
2009.91

2010.08
2010.20
2010.25
2010.33
2010.39
2010.48
2010.58
2010.62
2010.71
2010.79
2010.87
2011.02
2011.08
2011.17
2011.21
2011.33
2011.43

(h) Type 5

 0.1

 1

 10

 100

 1  10  100  1000  10000

S 
(J

y)

Frequency (GHz)

J0359+5057 (NRAO150) 2007.03
2007.58
2008.17
2009.52
2007.07
2007.15
2007.23
2007.32
2007.38
2007.48
2007.55
2007.65
2007.71
2007.77
2007.86
2007.88
2007.96
2008.05
2008.13
2008.22
2008.34
2008.41
2008.49
2008.57
2008.64
2008.71
2008.79
2008.85
2008.93

2009.02
2009.06
2009.18
2009.28
2009.33
2009.41
2009.48
2009.58
2009.66
2009.74
2009.84
2009.91
2010.08
2010.20
2010.25
2010.33
2010.39
2010.48
2010.58
2010.62
2010.71
2010.79
2010.87
2011.02
2011.08
2011.21
2011.33
2011.43

(i) Type 5b

Fig. 2. The prototypes of the 5 classes and their sub-classes. All of them are plotted in the same scale to allow comparisons. The prototypes have
all the available data which makes their definition difficult to see. Probably we should plot the spectra only every second. The first 4 classes can be
interpreted with a simple physical systems made of one quiescent optically thin component underlying a flaring Synchrotron self-absorbed flaring
event.

Type 5b: This type shows, in principle, characteristics
similar to the previous one but there occurs a significant shift
of the peak (Sm, νm) towards lower frequencies as the peak flux
density increases.

This classification is done solely on the basis of the phe-
nomenological characteristics of the variability pattern shown
by the radio spectra within a given band-pass. This explains
the fragmentation of the classification to several numerous types
despite the clear hints that some of those could be further uni-
fied. This is discussed later when a physical interpretation is at-
tempted (Sect. ??).

5.2. A physical interpretation of the different types

In the following it will be shown that the seemingly arbitrary
classification discussed in Sect. 5.1 is subject to an interpretation
of physical meaning so that the first four types can be reproduced
by a simple two-component system.

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
is this what chris is assuming. This spectrum can be seen as
the manifestation of an optically thin diffuse emission com-
ing from a relaxed large scale jet or even a population of aged
electron that have caused a recent flaring event.

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

A qualitative depiction of the assumed configuration is pre-
sented in Fig. 2. The phenomenology shown there captures the
system (solid line) at an instant in time. On the basis of this as-
sumption the spectrum that would be observed at an instant of
time, is inscribed in two parameters of the shaded areas shown
there:

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.
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Fig. 2. The prototypes of the 5 classes and their sub-classes. All of them are plotted in the same scale to allow comparisons. The prototypes have
all the available data which makes their definition difficult to see. Probably we should plot the spectra only every second. The first 4 classes can be
interpreted with a simple physical systems made of one quiescent optically thin component underlying a flaring Synchrotron self-absorbed flaring
event.

Type 5b: This type shows, in principle, characteristics
similar to the previous one but there occurs a significant shift
of the peak (Sm, νm) towards lower frequencies as the peak flux
density increases.

This classification is done solely on the basis of the phe-
nomenological characteristics of the variability pattern shown
by the radio spectra within a given band-pass. This explains
the fragmentation of the classification to several numerous types
despite the clear hints that some of those could be further uni-
fied. This is discussed later when a physical interpretation is at-
tempted (Sect. ??).

5.2. A physical interpretation of the different types

In the following it will be shown that the seemingly arbitrary
classification discussed in Sect. 5.1 is subject to an interpretation
of physical meaning so that the first four types can be reproduced
by a simple two-component system.

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
is this what chris is assuming. This spectrum can be seen as
the manifestation of an optically thin diffuse emission com-
ing from a relaxed large scale jet or even a population of aged
electron that have caused a recent flaring event.

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

A qualitative depiction of the assumed configuration is pre-
sented in Fig. 2. The phenomenology shown there captures the
system (solid line) at an instant in time. On the basis of this as-
sumption the spectrum that would be observed at an instant of
time, is inscribed in two parameters of the shaded areas shown
there:

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.
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(i) Type 5b

Fig. 2. The prototypes of the 5 classes and their sub-classes. All of them are plotted in the same scale to allow comparisons. The prototypes have
all the available data which makes their definition difficult to see. Probably we should plot the spectra only every second. The first 4 classes can be
interpreted with a simple physical systems made of one quiescent optically thin component underlying a flaring Synchrotron self-absorbed flaring
event.

Type 5b: This type shows, in principle, characteristics
similar to the previous one but there occurs a significant shift
of the peak (Sm, νm) towards lower frequencies as the peak flux
density increases.

This classification is done solely on the basis of the phe-
nomenological characteristics of the variability pattern shown
by the radio spectra within a given band-pass. This explains
the fragmentation of the classification to several numerous types
despite the clear hints that some of those could be further uni-
fied. This is discussed later when a physical interpretation is at-
tempted (Sect. ??).

5.2. A physical interpretation of the different types

In the following it will be shown that the seemingly arbitrary
classification discussed in Sect. 5.1 is subject to an interpretation
of physical meaning so that the first four types can be reproduced
by a simple two-component system.

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
is this what chris is assuming. This spectrum can be seen as
the manifestation of an optically thin diffuse emission com-
ing from a relaxed large scale jet or even a population of aged
electron that have caused a recent flaring event.

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

A qualitative depiction of the assumed configuration is pre-
sented in Fig. 2. The phenomenology shown there captures the
system (solid line) at an instant in time. On the basis of this as-
sumption the spectrum that would be observed at an instant of
time, is inscribed in two parameters of the shaded areas shown
there:

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.
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(i) Type 5b

Fig. 2. The prototypes of the 5 classes and their sub-classes. All of them are plotted in the same scale to allow comparisons. The prototypes have
all the available data which makes their definition difficult to see. Probably we should plot the spectra only every second. The first 4 classes can be
interpreted with a simple physical systems made of one quiescent optically thin component underlying a flaring Synchrotron self-absorbed flaring
event.

Type 5b: This type shows, in principle, characteristics
similar to the previous one but there occurs a significant shift
of the peak (Sm, νm) towards lower frequencies as the peak flux
density increases.

This classification is done solely on the basis of the phe-
nomenological characteristics of the variability pattern shown
by the radio spectra within a given band-pass. This explains
the fragmentation of the classification to several numerous types
despite the clear hints that some of those could be further uni-
fied. This is discussed later when a physical interpretation is at-
tempted (Sect. ??).

5.2. A physical interpretation of the different types

In the following it will be shown that the seemingly arbitrary
classification discussed in Sect. 5.1 is subject to an interpretation
of physical meaning so that the first four types can be reproduced
by a simple two-component system.

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
is this what chris is assuming. This spectrum can be seen as
the manifestation of an optically thin diffuse emission com-
ing from a relaxed large scale jet or even a population of aged
electron that have caused a recent flaring event.

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

A qualitative depiction of the assumed configuration is pre-
sented in Fig. 2. The phenomenology shown there captures the
system (solid line) at an instant in time. On the basis of this as-
sumption the spectrum that would be observed at an instant of
time, is inscribed in two parameters of the shaded areas shown
there:

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.
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(i) Type 5b

Fig. 2. The prototypes of the 5 classes and their sub-classes. All of them are plotted in the same scale to allow comparisons. The prototypes have
all the available data which makes their definition difficult to see. Probably we should plot the spectra only every second. The first 4 classes can be
interpreted with a simple physical systems made of one quiescent optically thin component underlying a flaring Synchrotron self-absorbed flaring
event.

Type 5b: This type shows, in principle, characteristics
similar to the previous one but there occurs a significant shift
of the peak (Sm, νm) towards lower frequencies as the peak flux
density increases.

This classification is done solely on the basis of the phe-
nomenological characteristics of the variability pattern shown
by the radio spectra within a given band-pass. This explains
the fragmentation of the classification to several numerous types
despite the clear hints that some of those could be further uni-
fied. This is discussed later when a physical interpretation is at-
tempted (Sect. ??).

5.2. A physical interpretation of the different types

In the following it will be shown that the seemingly arbitrary
classification discussed in Sect. 5.1 is subject to an interpretation
of physical meaning so that the first four types can be reproduced
by a simple two-component system.

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
is this what chris is assuming. This spectrum can be seen as
the manifestation of an optically thin diffuse emission com-
ing from a relaxed large scale jet or even a population of aged
electron that have caused a recent flaring event.

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

A qualitative depiction of the assumed configuration is pre-
sented in Fig. 2. The phenomenology shown there captures the
system (solid line) at an instant in time. On the basis of this as-
sumption the spectrum that would be observed at an instant of
time, is inscribed in two parameters of the shaded areas shown
there:

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.
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Unification of the variability pattern

The unification of the variability pattern henceforth could naturally be 
explained with the “appropriate” modulation of two properties:

‣ the relative position of our band-pass with respect to the source spectrum

‣ the relative width of our band-pass with respect 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 

Three factors control this:
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Unification of the variability pattern

‣ different peak frequency of the 
SSA spectrum

‣ different peak flux density excess 
of the outburst relative to the 
quiescence spectrum

‣ different broadness of the SSA 
spectrum of the outburst

‣ different broadness of the valley

z=3

z=2

z=1

z=0

1. Redshift factor 2. Intrinsic properties factor
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Unification of the variability pattern

1. Redshift factor 2. Intrinsic properties factor
E. Angelakis et al.: On the phenomenological classification of continuum radio spectrum variability pattern

Fig. 3. Spectrum and observational frequency range (for details see
text).

where r is the opening rate of the jet. Furthermore, the evolution
of the flare depends on the spectral slope s of the injected parti-
cles. In the case of conical jets, (r = 1), the equations above can
be written in terms of the jet radius, e.g., B ∝ R−b (see Marscher
& Gear 1985; Türler et al. 2000).

In the current work it is assumed that the Synchrotron stage
is very short compared to the other two stages, following Fromm
et al. (2011). Under this assumption, during the evolution of a
flare the maximum flux density is reached at the transition be-
tween the Compton and the Adiabatic loss stages (Marscher &
Gear 1985; Türler et al. 2000). This point is characterised by the
transition peak frequency, ν1,3, peak flux density, S 1,3, and time
since the onset of the Compton stage, t1,3 (hereafter, the numeri-
cal subscripts denote the 1st i.e. Compton, and 3rd i.e. Adiabatic
stages). These parameters depend on (a) the properties of the
flaring event (Türler et al. 2000), (b) the source itself and (c)
its redshift. Consequently, the duration of a flare and its spectral
evolution pattern will depend on the source itself. Björnsson &
Aslaksen (2000) demonstrated that the steep rise of the turnover
flux density, Sm, with turnover frequency, νm during the first
stage of the evolution of a radio flare could not be explained
by Compton scattering. However, observations of flares in AGN
show an abrupt rise of the flux in the so-called Compton stage.
Therefore, the first stage in shock-in-jet models should be care-
fully reviewed.

6.1. The prototype sources

In order to investigate whether the shock-in-jet model can ex-
plain the observed phenomenology, three models have been set
to represent three typical sources in terms of their power.

1. weak source with a low quiescent spectrum,
2. medium source with a regular quiescent spectrum, and
3. powerful source with a high quiescent spectrum.

Figure 4 shows the three different prototype sources at redshift
z = 0 and table 3 lists the parameters used to produce the quies-
cent and component spectra.

For all three models evolution of the flare is assumed to be
the same, implying to the same set of the exponents b, k, d,
s, r and onset time in Eq. 1, 2 and 3. The assumed values are
shown in table 4 and have been extracted from a detailed study
of a flaring event in the source CTA 102 (Fromm et al. 2011). It
must however be noted that not only the source parameters differ
from one another, but also those of different flares in the same
source, and henceforth the models should allow for dispersion

Fig. 4. The relative spectra of the three prototypes at redshift z = 0. The
grey shaded area denotes the observing band-pass for the data discussed
here.

Table 3. The assumed source parameters at z=0 for weak, medium and
a powerful source.

Parameter weak medium powerful
cν [1] 4 15 57
cs [1] 3 6 14
t1,3 [yr] 0.15 0.30 0.60
νm,q [GHz] 0.3 0.9 3
S m,q [Jy] 1 3 8
α0,q [1] −0,75 −0,75 −0,75
αt,q [1] 5/2 5/2 5/2

among them (for instance, different durations of the Compton
stage, which is known to depend on the source as well as the
flare properties).

6.2. Parametrization of the modelled spectra

The temporal evolution of the turnover parameters of an event
can be derived from the relations between turnover frequency,
turnover flux density and the time since the flare onset assum-
ing the parameters listed in table 3 and 4 (see Marscher & Gear
1985; Türler et al. 2000; Fromm et al. 2011, for the redshift de-
pendence). The optically thin spectral index follows from the
spectral slope,

α0 = (1 − s)/2 (4)

whereas for the calculation of the optically thick spectral in-
dex, αt, the method presented by Türler et al. (2000) has
been adopted. This approach relies on a set of four parame-
ters (Sm, νm, α0, αt) for each time t, which describe the spec-
tral shape of the flare (assuming the standard equation for a
self-absorbed synchrotron spectrum). The spectrum derived this
way is consequently superimposed on the quiescent spectrum to
make up the “total” spectrum (see figures 5, 6 and 7).

Table 4. Exponents for spectral evolution

Parameter b s k d r to
Value 1.9 2.8 1.8 0.1 0.8 0.04 yr

6

courtesy of C. M.  Fromm
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Unification of the variability pattern

z=3

z=2

z=1

z=0

1. Redshift factor 3. Spectral evolution

courtesy of C. M.  Fromm

following Marscher & Gear 1985
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Modeling the spectral 
evolution

‣ parameter “b”: evolution of the 
magnetic field

‣ parameter “d”: evolution of the 
Doppler factor

‣ parameter “r”: jet opening 
angle  

‣ parameter “s”: spectral index 
(estimated from quiescent 
spec.)

‣ parameter “k”: normalization 
parameter 

from the MOJAVE 2-cm database 
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reproducing the observed 
phenomenology

by modeling the evolution of 
events at different z and of 
different power

The Simulated behavior

Angelakis, Fuhrmann, Nestoras, Fromm et al. in prep.

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.

8

E. Angelakis et al.: On the phenomenological classification of continuum radio spectrum variability pattern

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.

7

E. Angelakis et al.: On the phenomenological classification of continuum radio spectrum variability pattern

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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Angelakis et al. in prep.

Tuesday, September 6, 2011



Achromatic variability

• spectrum changing self-
similarly with possibly a mild 
shift of the peak towards low 
frequencies as the flux 
increases

‣ geometry?

‣ changes in the B topology?

‣ changes in D?

‣ opacity effects?

E. Angelakis et al.: On the phenomenological classification of continuum radio spectrum variability pattern
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(b) Type 1b
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(c) Type 2
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(d) Type 3
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(e) Type 3b
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(h) Type 5
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(i) Type 5b

Fig. 2. The prototypes of the 5 classes and their sub-classes. All of them are plotted in the same scale to allow comparisons. The prototypes have
all the available data which makes their definition difficult to see. Probably we should plot the spectra only every second. The first 4 classes can be
interpreted with a simple physical systems made of one quiescent optically thin component underlying a flaring Synchrotron self-absorbed flaring
event.

Type 5b: This type shows, in principle, characteristics
similar to the previous one but there occurs a significant shift
of the peak (Sm, νm) towards lower frequencies as the peak flux
density increases.

This classification is done solely on the basis of the phe-
nomenological characteristics of the variability pattern shown
by the radio spectra within a given band-pass. This explains
the fragmentation of the classification to several numerous types
despite the clear hints that some of those could be further uni-
fied. This is discussed later when a physical interpretation is at-
tempted (Sect. ??).

5.2. A physical interpretation of the different types

In the following it will be shown that the seemingly arbitrary
classification discussed in Sect. 5.1 is subject to an interpretation
of physical meaning so that the first four types can be reproduced
by a simple two-component system.

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
is this what chris is assuming. This spectrum can be seen as
the manifestation of an optically thin diffuse emission com-
ing from a relaxed large scale jet or even a population of aged
electron that have caused a recent flaring event.

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

A qualitative depiction of the assumed configuration is pre-
sented in Fig. 2. The phenomenology shown there captures the
system (solid line) at an instant in time. On the basis of this as-
sumption the spectrum that would be observed at an instant of
time, is inscribed in two parameters of the shaded areas shown
there:

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.
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• the spectral evolution monitoring method is probing smallest spatial scales 
(uniform clouds of emitting particles), otherwise unaccessible to current 
observing apparatus

• there are only 5 phenomenological types of variability pattern that a source 
may follow

• so far no source has shown a switch in type. This strongly suggests that:

‣ either the mechanism is a source fingerprint and hence we must 
investigate what determines them

‣ it is determined by source intrinsic properties that stay invariant in time or 
change with pace much slower than we can sample

conclusions
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• it seems that only two distinct mechanisms produce variability: 

‣ achromatic variability 

‣ spectral evolution dominated

• the shock-in-jet model seems to provide a satisfactory description of the 
latter mechanism over a range of intrinsic properties

conclusions
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• it is very unclear what mechanism produces achromatic variability: changes 
in the topology of B that would imply changes in the doppler factor D, do not 
seem to be the case. further investigation needed.

conclusions
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• the physical properties that determine the type

• the pace at which every evolutionary stage 
happens as compared with the theory 

• construct the synthetic light curves

• calculate the physical parameters during the 
evolution of the events:

‣ magnetic field strength B and particle 
density ρ

‣ calculate the co-moving energies deposited 
in each event

next steps
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Narrow Line Seyfert 1

‣ permitted lines from the BLR, 
BUT much narrower than 
typically those seen in Seyfert 1 
or blazars (FWHM(Hβ ) < 2000 
km s−1)

‣ in spiral galaxies 

‣ appear to accrete with high 
Eddington ratios having low 
black-hole masses (e.g. Grupe 
& Mathur, 2004)

‣ typically RQ (Komossa, S., et 
al. 2006, AJ, 132, 531) The Circinus Galaxy, a Seyfert 2 galaxy. Credit: A. S. Wilson, P. 

L. Shopbell, C. Simpson, T. Storchi-Bergmann, F. K. B. 
Barbosa, M. J. Ward, WFPC2, HST, NASA.
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Fermi-GST detection 
of NLSy1s

‣ Fermi-GST detects 4 radio loud 
NLSy1 galaxies: 

- PKS1502+036 (z = 0.409) 

- 1H0323+342 (z = 0.061)

-  PKS2004-447 (z = 0.24)

- PMNJ0948+0022 (z = 0.585) 

(Abdo et al. 2009)

image compilation by Luigi Foschini

PMNJ0948+0022 for the July 2010 outburst
Foschini et al. 2010

image compilation by L. Foschini
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PMN J0948+0022

‣ Lγ ∼ 1048 erg s−1 at  0.1−100 
GeV (first time that such a 
power is measured from a 
NLS1) 

‣ confirms, that NLS1s can host 
relativistic jets as powerful as 
those in blazars and radio 
galaxies, despite the relatively 
low mass (1.5 × 108 M⊙)

Foschini et al. 2010

First γ-ray outburst of the NLS1 PMN J0948+0022 7

Pelectrons = 6 × 1044 and Pprotons = 1047 erg s−1, by assuming
one proton per electron.

These values have to be compared with those reported in pre-
vious studies (specifically, see Table 4 of MW Campaign 2009 pa-
per). The present values of the jet powers are generally greater,
up to one order of magnitude in the case of the protons. Other
differences with respect to the previous works are a lower mag-
netic field with respect to the average of the MW Campaign 2009
(B = 4.1 G), but similar to the value in Discovery 2008 (B =
2.4 G). The injected power is similar to the previous studies, but the
shape is different, with a greater γe,max (2700 vs 2000 and 1600,
in the MW Campaign 2009 and Discovery 2008, respectively) and
a smaller γe,break (200 vs 530 and 800, in the MW Campaign 2009
and Discovery 2008, respectively).

Since optical-to-X-ray data have been measured a few days
before the outburst, it is possible that they are underestimated. If
we assume an increase by a factor 2-4 in the optical-to-X-ray fluxes,
keeping the γ-ray flux to the observed peak value, then it is possi-
ble to model the SED with a relatively smaller bulk Lorentz factor
(Γ = 13). The smaller beaming is compensated by an increase of
the injected power of about one third, plus a greater magnetic field
(B = 3.6 G). The jet powers (protons, electrons, ...) have negli-
gible changes, because they are strongly dependent on the γ-ray
flux.

The region emitting the optical-to-γ-ray flux is too compact
to be responsible for the radio emission (its synchrotron flux is
self-absorbed). This is confirmed by the variability analysis: the
timescales at γ rays are short, of the order of days or even less than
one day, thus requiring a very compact source. About two months
after the outburst at γ rays, the radio flux density reached its max-
imum (Fig. 2, bottom panel). During this period, the emitting re-
gion can move outward and expand, thus becoming optically thin
at radio frequencies. Moreover, near-simultaneous OVRO andMO-
JAVE observations indicate ! 50 mJy of arcsecond-scale flux den-
sity at 15 GHz, hence nearly all of the radio emission in the source
is generated on pc-scales. Therefore, to account for the radio emis-
sion, we considered an additional larger emitting zone (Fig. 6, right
panel). For the sake of simplicity, we assume the same bulk Lorentz
factor of the optical-to-γ rays fit (Γ = 16). This region is ∼ 0.6 pc
in size, about two orders of magnitude larger than the γ-ray emit-
ting region, and farther (5.8 pc) from the central black hole. At this
distance, the seed photons for the external Compton process are
from the molecular torus, emitting at infrared wavelengths.

4 DISCUSSION AND CONCLUSION

We presented the results of a MW Campaign from radio to γ rays
performed in 2010 to study the evolution of the electromagnetic
emission of the Narrow-Line Seyfert 1 Galaxy PMN J0948+0022.

Despite all the caveats and uncertainties, what clearly emerges
from this episode is the ability of a NLS1 to generate an extreme
power (∼ 1048 erg s−1), when compared to that of a typical flat-
spectrum radio quasar. Fig. 7 shows a comparison of the SED
(rest frame) of PMN J0948+0022 with that of the archetypical
blazar 3C 273, known to have a strong disk emission too. At first
look, the figure shows that the NLS1 has a more extreme Comp-
ton dominance: although its radio-to-X-ray luminosity is smaller
than that of 3C 273, the γ-ray power is greater. If we renormal-
ize the two SEDs by taking as reference the peak due to the ac-
cretion disk emission, then it is necessary to multiply the values of
PMN J0948+0022 by a factor∼ 6, which in turn is roughly similar

Figure 7. Comparison of the SEDs of the archetypical blazar 1226+023
(3C 273, grey symbols) and the NLS1 PMN J0948+0022 (red symbols). In
the case of high-energy γ rays, the minimum and maximum flux detected
by Fermi are shown.

to the ratio of the masses of the central black holes (1.5× 108M"

for PMN J0948+0022 and 8×108M" for 3C 273). By shifting up-
ward the SED of PMN J0948+0022 by this value, the differences
in the radio-to-X-ray emission become negligible, while those at γ
rays are emphasized. At these energies, the differences can be ex-
plained with the different Doppler factor as a consequence of the
different viewing angle (smaller in the case of this NLS1).

The basic findings of the present work can be summarized as
follows:

• The source reached an observed luminosity of∼ 1048 erg s−1

at γ rays (0.1−100 GeV), with day-scale variability and some
“harder when brighter” spectral behavior. This is the first time that
such a power is measured from a NLS1. It confirms, beyond any
reasonable doubt, that NLS1s can host relativistic jets as power-
ful as those in blazars and radio galaxies, despite the relatively low
mass (1.5×108M") and the rich environment due to a high accre-
tion rate (50% the Eddington rate).
• The coordinated variability observed at all the available fre-

quencies confirms the typical behavior of relativistic jets, as already
shown during theMWCampaign 2009. Particularly, the radio emis-
sion peaked about two months after the outburst at γ rays, although
the radio spectral index was already inverted a couple of weeks be-
fore the peak in the GeV band. The optical flux changed about one
magnitude (R filter) during the months before the outburst.
• The morphology at 15 GHz still shows a very compact source

(∼ 10 pc size), despite of the great power released at γ rays. Com-
parison with previous observations in 2009 shows that the EVPA
changed ∼ 90◦ at some time between 2009 July and December
and this new value is maintained in 2010. The linear polarization
fraction exceeds 3%, a value greater than that measured in 2009
(< 1%).
• The comparison with the SED of a typical blazar with a strong

accretion disk (3C 273) shows that the Compton dominance is more
extreme in the NLS1. The disagreement of the two SEDs can be
accounted by the differences in mass of the central black hole and
Doppler factor of the two jets.
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gamma-ray loud 
NLSy1s in radio

‣ J0948+0022: 

- blazar-like relativistic-jet-like 
behavior!

- variability: month(s), factor 2

‣ J0324+3410: 

- blazar-like relativistic-jet-like 

- tvar > ~185 days, ΔS > ~ 20%> 
~ 50 days,  ΔS > ~ 70%

Fuhrmann , Angelakis et al. 
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Figure 2: First cm/mm broad band spectra of the three !-rayNLSy1s monitored by the F-GAMMAprogram.
The inset labels provide the observing epoch of each quasi-simultaneous spectrum. Top: J0324+3410 as
observed with EB between 2.6 and 42 GHz (11 cm to 7mm) Center: J0948+0022 as observed with EB and
PV between 2.6 and 142 GHz (11 cm to 2mm) Bottom: J1505+0326 as observed with EB between 2.6 and
42 GHz (11 cm to 7mm)
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comparison with F-
GAMMA blazars

‣ NLSy1s: lower end of rms-
values

‣ variability characteristics:

Fuhrmann , Angelakis et al. 
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‣ blazars: typically TB ~ 1012– 
1014K, corresponding 
Doppler factors: TB

app ~ δ3 
× TBlim,IC -> δ ~ 1 - 5

‣ NLSy1s: typically lower TB

10 11 12 13 14 15 16 17 18 19 20
logTb

0

2

4

6

8

10

12

14

16

18

20

N
um

be
r

Variability Brightness Temperature
2.6 GHz

10 11 12 13 14 15 16 17 18 19 20
logTb

0

2

4

6

8

10

12

14

16

18

20
N

um
be

r

Variability Brightness Temperature
4.8 GHz

10 10.5 11 11.5 12 12.5 13 13.5 14 14.5 15
logTb

0

2

4

6

8

10

12

14

16

18

20

N
um

be
r

Variability Brightness Temperature
32 GHz

8 9 10 11 12 13 14 15
logTb

0

2

4

6

8

10

12

14

16

18

20

N
um

be
r

Variability Brightness Temperature
86 GHz

4.6 ! 1012 K 

1.4 ! 1011 K 4.0 ! 1011 K 

 9.3 ! 1010 K 
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• typical blazar jet-like behavior

• differences in the variability characteristics e.g. lower TB, less Doppler-
boosted than typical blazars

• intense spectral evolution behavior in J0948+0022 rather fast

• future VLBI monitoring important to study NLSy1 jet parameters

• “The comparison with the SED of a typical blazar with a strong accretion disk 
(3C 273) shows that the Compton dominance is more extreme in the NLSy1s. 
The disagreement of the two SEDs can be accounted by the differences in 
mass of the central black hole and Doppler factor of the two jets.” 

Foschini et al. 2010.

conclusions

Tuesday, September 6, 2011



thank you!
www.mpifr.de/div/vlbi/fgamma
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