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The relativistic Jet model 
(RLAGNs) 



An introduction to Radio-Loud AGN 
Adapted from a presentation by  
Paola Grandi (INAF-IASF Bologna) & 

 Eleonora Torresi (DIFA & INAF-IASF Bologna) 



Outline 

•  RADIO-LOUD AGN IN a nutshell

       1) AGN classification

       2) Spectral energy distribution

       3) The FR dichotomy

   





•  RADIATIVE PROCESSES

       1) Thermal emission

          - Accretion

       2) Non-thermal emission

          - Jets, Hot spots, Lobes










Almost every galaxy hosts a black hole

from millions to billions of solar masses


(Magorrian et al. 1998, Tremaine et al. 2002, 

McConnell et al. 2011, Ghisellini 2011) 




1% active
 99% silent

but...


Almost every galaxy hosts a black hole

from millions to billions of solar masses


(Magorrian et al. 1998, Tremaine et al. 2002, 

McConnell et al. 2011, Ghisellini 2011) 







About 10% of AGNs are Radio-Loud, 

i.e. these systems are able to launch relativistic jets


RL AGN lie in ellipticals

RQ AGN lie in spirals and ellipticals




Radio Lobe!

BH Mass                            



Luminosity                               



BH radius                                              



BLR radius    



NLR radius                      

Some numbers for a 
typical AGN 

In RL AGNs 

Jets end at kpc distances forming radio lobes   



Radio lobes


Elliptical 
galaxy


Central engine 2-3 pc


Fornax A 

VLA/VLT

BLR 

NLR 

Credits: R. Morganti 

1 pc=3.26 ly




RADIO LOUDNESS PARAMETER 
(R) 

Kellermann et al. 1989 Terashima & Wilson 2003 

<=-4.5 log R=

Radio-Loud


Radio-Quiet


Sikora et al. 2007 



1. AGN classification 

Credits: R. Morganti 



Type I

bright continuum and BROAD 
emission lines from hot high 
velocity gas (FWHM~103-4 km s-1)


Type II

weak co nt in uum an d o n ly 
N A R RO W e m i s s i o n l i n e s 
(FWHM~102 km s-1)


OPTICAL classification 

Seyfert 1




Type 2 
(Narrow Line 
Radio Galaxy) 

Type 1 
(Broad Line 

Radio Galaxy) 

Blazar 
(BL Lacs, Flat 

Spectrum Radio 
Quasars) 

RADIO-LOUD AGN




Tadhunter 2016


Radio 

Optical 



FRI/FRII classification (Fanaroff & Riley 1974) 


RADIO MORPHOLOGY


FRI - L178MHz <2x1025 W Hz-1 sr-1  
FRII - L178MHz>2x1025  W Hz-1 sr-1  

FRI 

FRII 



FRI/jet dominated 

FRII/lobe dominated Edge-‐darkened	  

Edge-‐brightened	  

In FRI the jets are thought to 
decelerate and become sub-relativistic 
on scales of hundred of pc to kpc.



The nuclei of FRI are not generally absorbed 
and probably powered by inefficient accretion 
flows.


The jets in FRII are at least moderately 
relativistic  and supersonic from the core 
to the hot spots.



Most FRII are thought to have an efficient 
engine and a dusty torus.




2. Spectral Energy 
Distribution of a RL AGN 



Credits: A. Marconi 



Text 

LOBE


Hot Spot


Radio Galaxies: kpc components




BLAZARS: double peaked SED


LBL= low-frequency peaked blazars

HBL= high-frequency peaked blazars


Synchrotron Inverse Compton 



The jet emission from blazars is strongly Doppler boosted with 
respect to radio galaxies 




The jet emission from blazars is strongly Doppler boosted with 
respect to radio galaxies 


The key parameter is the  Doppler Factor  δ(β, θ)

=v/c 

 bulk velocity


angle between 

the jet axis and 

the line of sight
Lorentz factor


The Doppler factor relates intrinsic and observed 
flux for a moving source at relativistic speed v=β c.

For an intrinsic power law spectrum:  F’(ν’) = K (v’)-a 

the observed flux density is 
 

Fν(ν)= δ3+α F’ν’ (ν)

Urry & Padovani 1995 



Radiative processes 

Thermal emission 

Accretion flow 


Thermal Comptonization

Reprocessed features 





Non-thermal emission 

Synchrotron


Inverse Compton




Thermal 
Processes 

 



Accretion
discussed yesterday 



Non-thermal 
processes 

 



Jets, Lobes

  





The synchrotron radiation of 
a power law distribution of 

electron energies 



Inverse Compton scattering 
 
 
 
When the electron is not at rest, but has an energy greater that the typical photon 
energy, there can be a transfer of energy from the electron to the photon. This 
process is called Inverse Compton to distinguish it from the direct Compton 
scattering, in which the electron is at rest, and it is the photon to give part of its 
energy to the electron. 





For a power law distribution of electrons: 

Inverse  Compton  

•  Synchrotron photons in the jet 
•  Environment photons from Accretion Flow, BLR, NLR, Torus  
•  Cosmic Microwave Background (CMB) photons 



Journey along the jet 

pc-scale jet
kpc-scale jet

lobes







Radio Loud AGNs

JET at sub-pc scale (core) 


1mas=0.9 pc




Synchrotron
 Inverse

Compton




Consider a population of relativistic electrons in a magnetized region. They will 
produce synchrotron radiation, and therefore they will fill the region with 
photons. These synchrotron photons will have some probability to interact again 
with the electrons, by the Inverse Compton process. Since the electron “work 
twice” (first making synchrotron radiation, then scattering it at higher energies) 
this particular kind of process is called synchrotron self–Compton, or SSC for 
short. 

Synchrotron Self–Compton 

The population of relativistic electrons in a magnetized region can also interact with 
photons externa to the jet produced in the accretion disk, in the broad/narrow  line 
regions in the torus.  This particular kind of process is called External Compton, or 
EC for short. 

External Compton 



Modello II (RL AGNs) = Model I + Relativistic Jet 

3 likely possibilities: 
1.  Synchrotron + Self Compton 
2.  Synchrotron + External Compton (disk) 
3.  Synchrotron + External Compton (BLR) 

1 

2 

3 









synchrotron

external compton (EC)

synchrotr
on self-
compton 
(SSC)

NLRG!

Torus!

Torus!



X-ray Spectra:Accretion Disk and pc-scale Jet emission   
are in competion: 

 
 

Angle of sight = 0°   ==>   Jet  radiation dominates 
   
Angle of sight = 90°  ==>   Accretion disk dominates  

Competition between jet and disk








Seyfert-like features

Intermediate case :  let us consider the  X-ray band 
In different occasions,  we can observe different spectrum, 
depending on the flux ratio between the jet and the 
accretion flow  



Questions? 



Model 3 
 

The radiatively 
inefficient model 

(LLAGNs) 



Modello III (LL AGN): X-ray observations - Images and  Lightcurves 

Images Lightcurves 
SgrA* 

+ 

Low-L, likely diffused emission 
+ isolated flares (otherwise quiescent) 

Low-L and diffuse X-ray source N.B: Δt~50 s corresponds to 1 Rg per M=107M 
(t ~ Rg/c ~ GM/c3 ~ 50 M7 s) 

M87 

SgrA* 



(At least) 2 major spectral components: 
1.  Synchrotron emission  
2.  Bremsstrahlung (+ power-laws during flares) 

 

Spectra: 

Model III (LL AGN): X-ray observations - Typical Spectra 

Lx~2x1033 erg/s<10-11 LEdd Bremsstrahlung Thermal-like quiescent spectrum 



Simil-ADAFs: 

Model III (LL AGN): 

From N. Brandt (I think) 



Modello III (LL AGN): ADAFs model 

kT >>10 keV 

Synchrotron  
(non-thermal emission) 

Lorentz Force 

+ 
Thermal Bremsstrahlung from 
a very hot, optically thin, 
geometrically thick flow 



Summary - all 

After introducing the BH and AGN paradigm, we have reviewed 3 major “models” of AGN: 

  Model I: 2-phase model (radio-quiet AGNs) 

1.  Multi-T black-body emission (soft-excess) 

2.  Thermal Comptonization (power-law) 

3.  Reflection (FeK line + Compton hump) 

4.  Absorption (ionized, partially covering, etc.) 

  Model II: Jet Model (radio-loud AGNs) 

      1.  RL AGN general and classification 

      2.  SEDs 

      3.  Radiative processes: Sync. and Inverse Compton (non-thermal) 

  Model III: Inefficient model (LLAGNs) 

1.  Synchrotron 

2.  Bremsstrahlung (thermal) 



Conclusions & Summary 

We have reviewed basic physics with basic  
assumptions for 3 major “models” of AGN 

1-  The 2-Phases model (RQAGNs) 
2-  The Jet model (RLAGNs) 
3-  The Inefficient model (LLAGNs) 

 
We have focused mostly on 1, and address the 

reflection vs. absorption hypothesis to explain the 
X-ray spectra of RQAGNs  

 
Not a “mere” fitting exercise but major physical 

differences in the two hypothesis: 
 
ü  Relativistic Reflection: Produced within few (<10) 

Rg and carries information on BH spin and mass 

ü  (Very) Complex Absorption: Produced farther at 
100s Rg and carries information on wind/jet base/
feedback 

Goal of the lectures: Give introductory informations on general “models”  
of AGNs, and in particular on reflection vs absorption hypothesis in RQAGNs 



Questions? 


