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Active Galactic Nuclei (AGN)

• Nuclei of a large number of galaxies are much brighter 
than average galaxy of same Hubble type

• Radio quiet Seyferts in S galaxies, radio loud in E

• Brightness variability (all wavelengths) from minutes to 
years → active region < c∙Δ t ≈ 0,001 pc << galactic 
radius (15 kpc)

• Properties span several orders of magnitude, e.g. 
luminosity: 1042 erg/s (LINER) ... 1049 erg/s (QSO) 
(galaxy: 1044 erg/s)
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AGN paradigm

Urry, Padovani 1995

3

logarithmic scale!
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AGN Ingredients

Superluminal Motion
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• Identify 
components of 
3C 273 at 
several epochs

• apparent 
superluminal 
motion with v/c 
~ 6

(Unwin et al., 1985)
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AGN Ingredients 

Apparent superluminal motion
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AGN Ingredients

Relativistic beaming
• Consider relativistic electrons in jet with Doppler 

factor

• Lorentz factor

• So

6



2. Astroteilchenschule Bärnfels • Leonard Burtscher • AGN unification scheme

AGN Ingredients

Relativistic beaming
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Blandford, Königl 1979

Power law spectrum:
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Unified Model
•Thermal emission components 

(accretion disk: V/UV/soft X; 
dust reprocessing: FIR-NIR) 
depend strongly on orientation 
due to dust obscuration

•Nonthermal emission 
component (relativistic jets: 
radio - gamma) with even 
stronger orientation effect due 
to relativistic beaming

•Main parameters: accretion 
rate, BH spin (Blandford & 
Znajek, 1977)
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Seyfert Galaxies
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Bill Keel’s web page
http://www.astr.ua.edu/keel/

narrow and broad lines

only narrow lines

[Fe II] multiplets
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Evidence for Unification

Polarized light in Seyfert 2 galaxy

Bill Keel’s web page, http://www.astr.ua.edu/keel/
Miller, Goodrich, Matthews 1991; Capetti et al. 1995

• Polarized light 
reveals Sy 1 lines 
in Sy 2 galaxies

• Polarized light is 
light from BLR 
scattered on NLR 
clouds

• Centre of 
Polarisation is 
origin of radio 
jets!

[Fe II] multiplets
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Evidence for Unification

Accretion disks

HST sees 
20 pc thin 
disk of 
obscuration, 
125 pc wide

Jaffe et al. 1996



2. Astroteilchenschule Bärnfels • Leonard Burtscher • AGN unification scheme 12

Evidence for Unification

TeV-γ from Blazars
• 80 blazars seen by EGRET (up to 10 GeV) with 

maximum of spectral energy distribution (SED) in 
gamma rays

• Also visible at TeV? Problem: TeV Gammas are absorbed 
by pair production with EBL; mean free path length 
(TeV) ~ MPc (Fazio & Stecker; Kneiske et al., 2004)

• Therefore only nearby blazars are potential candidates

• MAGIC has so far detected 4 blazars at ~200 GeV; one 
source at z = 0.182 for the first time

proceedings of the 29th ICRC 2005, Pune 
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Fazio-Stecker relation
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TeV Gammas are absorbed by pair production with EBL; 
mean free path length (TeV) ~ MPc

T. M. Kneiske et al.: Implications of cosmological gamma-ray absorption. II. 813
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Fig. 6. Upper panel: Fazio-Stecker relation with logarithmic redshift axis (best-fit model – thick solid line; low-IR model – dot-dashed line;

warm-dust model – thin dashed line low-S FRmodel – thin solid line). Lower panel: Fazio-Stecker relation with linear redshift axis showing the

asymptotic far-zone (best-fit model – thick solid line; stellar-UV model – dashed line; high-stellar-UV model – dotted line; low-S FR model –

thin solid line). Also plotted are published cut-off energies of Mkn 501, Mkn 421, and an upper limit of H1426+428 coming from not detecting

the cut-off energy with HEGRA (for references, see text). The horizontal lines at 50 GeV and 100 GeV represent guide lines showing how the

asymptotic branch of the Fazio-Stecker relation can be tapped by lowering the detection threshold to below 50 GeV (e.g. using the MAGIC

telescope).

respectively). The expected exponential cut-off energy at a red-

shift of z = 0.129 obtains values of 100–200 GeV, i.e. at en-
ergies below the threshold energy of the detecting instruments

(Whipple, HEGRA).

Calculating the intrinsic spectral range we find for the best-

fit model the same result as Costamante et al. (2003). The en-

ergy spectrum increases with energy. However, inspection of

Fig. 5 shows that the intrinsic energy flux spectrum inferred

from the low-IR model remains rather flat, or even shows a

shallow downturn, implying a peak energy an order of magni-

tude lower than in the calculation of Costamante et al. (2003).

As shown in Costamante et al. (2001), the X-Ray peak is at an

energy around or larger than 100 keV, and this would argue in

favor of the gamma-ray peak larger than 12 TeV (adopting an

SSC model). In Bretz et al. (2003), we discuss in detail the fate

of the absorbed gamma ray photons which carry a substantial

energy flux.

4. The Fazio-Stecker relation

The energy-redshift relation resulting from the cosmic gamma-

ray photosphere τγγ(Eγ, z) = 1 depends on the column-depth
of the absorbing photons, as can be seen from inspection of

Eq. (6). We coin this relation, plotted in Fig. (6), which proves

to be very useful to study the MRF, the “Fazio-Stecker

relation (FSR)” (first shown by Fazio & Stecker 1970)1. The

theoretically predicted FSR (depending on the MRF model and

cosmological parameters) can then be compared with a mea-

sured one, by determining e-folding cut-off energies for a large

sample of gamma ray sources at various redshifts. Two impor-

tant corollaries follow from inspecting the Fazio-Stecker re-

lation: (i) gamma-ray telescopes with thresholds much lower

than 40 GeV are necessary to determine the cut-off for sources
with redshifts around the maximum of star formation z ∼ 1.5,
and (ii) gamma-ray telescopes with a threshold below 10 GeV

have access to extragalactic sources of any redshift (another

cosmological attenuation effect sets in at z ∼ 200, Zdziarski
1989).

The main obstacle for this method to indirectly mea-

sure the MRF by achieving convergence between theoretical

and observed FSR is the uncertainty about the true shape of

the gamma ray spectra before cosmological absorption has

ocurred. In the simplest case, the intrinsic spectra would be just

power law extensions of the (definitively unabsorbed) lower en-

ergy spectra to higher energies, representative of non-thermal

1 In 1968, Greisen has already suggested (in a lecture Brandeis

Summer Institute in Physics) that pair-production at high red-

shift between optical and gamma photons would produce a cut-off

around 10 GeV.

Kneiske et al., 2004
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Further reading

• Bradley M Peterson: Introduction to Active 
Galactic Nuclei, Cambridge University Press

• T C Weekes: Very High Energy Astronomy, IoP 
Publishing
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Thanks for your attention!


