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Overview of the first lesson

1) Synchrotron emission and radio spectra of AGN
2) Classification of radio galaxies and large scale morphology

3) A unified view of radio galaxies

4) Parsec-scale radio observations of AGN - Lorentz factors and viewing
angles

5) Compact flat spectrum radio sources - variability and statistics of
beaming parameters



Synchrotron Emission and Spectra of
Extragalactic Radio Sources

' Synchrotron radiation

radio waves

M /’ e

radio waves

charged particle (proton or electron)

For a population
of electrons with:

N=N,e*

The resulting spectrum
has the form:

Self-absorbed

region “..._  Opticallythin
e, on

Lo fraqueney (v)



Radio Loudness and AGN
hosts

Radio Loudness parameter defined as:
R = F5 GHZ/FB

R > 10 (Kellermann et al. 1989)

R > 2 - 3 (Capetti et al. 2006)

Radio loud AGN are located in elliptical galaxies, but only

~ 10% of such galaxies hosts a radio source of nuclear origin



Classification of AGN from the power
and morphology of the radio emission

Radio loud AGN are classified into two classes of radio power,
which also correspond to different morphological classes

FR I radio galaxies
typically have radio

nower

P178 MHz < 1025 W/HZ
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FR IT radio galaxies typicall have radio power

Pi7g Mz > 10% W/Hz

backflow




Both low power and high power classes host also compact sources
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Unified view of Radio Loud AGN
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Pi7g viz < 10%° W/Hz Pi7s M, > 10°° W/Hz

Are FR IT radio
galaxies the
parent
population of
flat spectrum
radio quasar
seen at large

: . viewing agngles?
If the answer is YES, then we expect the two populations in ebch glass

to share similar intrinsic properties, i.e. same Lorentz factor , same
polarization properties, ..

Are FR T radio
galaxies the parent
population of BL
Lacs seen at large
viewing angles?
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Very Long Baseline Interferometry probes the parsec-
scale region in radio loud AGN

European VLBI Network
1.6 6GHz - 22 GHz (6 GHz also)

5 to 0.3 mas

7z=0.01 -=> 1 mas = 0.2 pc

z=0.1 -=> 1 mas=1.8 pc
z=2 ->1mas=38pc
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VLBI Observations as tools to

a) Test the unification model for radio loud AGN

b) Investigate the central regions of FRI and FRII radio
galaxies

c) Study the medium surrounding the black hole

d) Study the “"extreme” radio loud AGNs in the proximity of
the central black hole

e) ..



Central regions in FR I and FR IT radio galaxies,
radio loud QSOs and BL Lacs and unification
models. The morphology
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Central regions in FR I and FR IT radio galaxies,
radio loud QSOs and BL Lacs and unification models.

Proper motions in radio galaxies
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Information from the multiepoch parsec-
scale radio imaging

Under the assumption that what we see is the result of
relativistic beaming in an intrinsically symmetric source:

Apparent speed Bapp = (Bsinb)/(1 — Scost)
Brightness ratio Bicosh = (RV/(2+@) _ 1)/(RV(2+e) 4 1)
Lorentz Factor y=Q1-8)"

Doppler Factor 6= [y — (1 —Beost)]



Sample of low power
radio galaxies

Sample of neraby
BLLacs
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Sample of low power Sample of nearby
radio galaxies

BLLacs

14 ]

nnnnnn

Distribution of viewing angles consistent with the
idea that the two classes of radio sources belong to -
the same population of objects seen under different .
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Radio Polarimetry and the nuclear

environment

S o Polarimetric
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The nuclear radio properties of
highly beamed sources.

The Blazars World

When we look at the powerful
radio sources aligned at small
e s angles to the line of sight, the
®- most extreme properties are
found:

- Strong flux density variability

lonized Region

~50 - 100 pc
PAVAVAVAN

[ : - Morphological changes implying
superluminal speeds
ﬁ - Instabilities in the radio jet

Observer
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Flux density variability in compact sources is expected from an
expanding cloud of relativistic electrons initially thick at some
frequency at a small angle to the line of sight. During the expansion
the magnetic field and electron energy decrease, and the cloud
becomes optically thick at progressively shorter frequencies.

o

Link between variability and ejecta
of new components is expected

4

Superluminal motion of components is expected in FSRS
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Multiepoch campaigns of VLBI observations

at 22 and 43 GHz
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Fal Dac (mas)

Study of the quiescent stage in the BL Lac
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Superluminal motions and gamma-ray loudness

The case of Mkn 501
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The case of 1642+690
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Instabilities in the parsec scale jets of blazars
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very small angle to the
line of sight
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