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Outline of the talk

 General remarks on the AGN phenomenology 
and properties of the radio emission

 Investigation of the main parameters (namely 
Lj, Lacc, MBH) for different types of AGN

 Some remarks on the „radio-loud/radio-quiet” 
classification

 Spin paradigm for jetted AGN
 Modified spin paradigm in the context of the 

cosmological evolution of SMBH
 Extragalactic radio background
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Some „fundamental” questions
 Is the appearence of extragalactic jet controled by 

interactions with the environment, or mainly by the 
„initial conditions”?

 What are the „initial conditions” for the jet 
launching?

(BH mass: MBH , BH spin: a , accretion luminosity: Lacc ) 

 How do the initial conditions relate to the parameters 
of host galaxies?

 How many types of jets are there? Is there the same 
physics behind all the variety? Are the jets formed, 
accelerated and collimated by the same processes in 
all jetted AGNs?
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Large-scale morphologies of radio 
galaxies: FR II (left) and FR I (right) 

3C 47

3C 219

3C 33.1 3C 31
3C 296

3C 465
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Radio emission of „radio-quiet” 
active galactic nuclei such as…

Mrk 279

Mrk 766

NGC 3998

Seyfert Galaxies,
      LINERs,…

PG 0157+001

… or optically selected
Quasars.

Radio emission 
due to jets or 

starburst actvity?

Radio emission due to jets or 
uncollimated and slow disk outflows
(Blundell & Kuncic 2002) ?
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Host galaxies of quasars
Mostly elliptical galaxies. In some cases 

spiral structure or on-going merger 
can be seen (e.g., Bahcall et al., 1997).

Starlight of a typical luminous, 
non-active elliptical galaxy

(Silva et al., 1998).
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Quasar spectra

In quasars, starlight of elliptical 
host is dominated by the emission 
of accretion disk („big blue bump” 

at UV frequencies), of the obscuring 
torus (at far- to near IR frequencies),

of the jet, and of the broad-line region.

3C 273

Lacc directly from Lopt/tot !
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Host galaxies of FR Is and FR IIs

FR I and FR II radio galaxies are 
typically hosted by luminous ellipticals.
Extended dust lanes can often be seen.
Hosts of FR Is are often cD galaxies 

in rich clusters.
(e.g., Martel et al., 1999)

Virgo A / M 87
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Unification of quasars 
and radio galaxies

FR IIs with high-ionization broad and/or 
narrow lines seem to possess quasar-like 

accretion-related UV emission, which is only 
absorbed by dusty tori (obscured nuclear 
UV component is observed indirectly via 
polarized scattered light or via intense 

re-emission of the obscuring matter at MFIR).

FR Is or weaker FR IIs possessing only 
low-ionization emission lines seem to lack 

strong accretion-related optical/UV radiation 
(weak MFIR emission is consistent with only 

weak nuclear obscuration).

(e.g., Haas et al.. 2004; Ogle et al.. 2006)
For some radio galaxies Lacc may be lower than Lstar or Lopt/j !
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Host galaxies of Seyferts

Seyfert Galaxies are mostly in spirals and S0s. 
Companions, distortions, dust lanes and patches, bars, rings, wisps, filaments, 

and tidal features such as warps and tails are often present.
(e.g., Malkan et al., 1998)
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Seyfert spectra
In Seyferts, bright nuclear 

continuum is present in addition 
to the starlight of the spiral 

host. Also, broad and/or narrow
emission lines can be seen 

(Sy1s - Sy2s).

LINERs are similar to Seyfert, 
except that their nuclear 

continuum is weaker, and the 
line ionization level is lower.

(„Low-Ionization Nuclear 
Emission-line Region”)

Lacc lower than Lstar !
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The Sample
We want to camapare the main jet parameter, i.e. bulk kinetic 

power Lj, with the main parameters of the central engine, 
namely MBH and Lacc, for AGNs covering many decades in 
radio and disk luminosities. Hence, our sample has to be by 
definition heterogeneous and incomplete.

We select sources (BLRGs, BLRQs, Sy1s, LINERs, FR Is, PG QSOs) 
for which: 

(i) the optical flux of the unresolved nucleus is known;
• the total radio flux is known (including extended emission);
• the black hole mass can be estimated.

We want to avoid complications due to significant beaming and 
obscuration, and hence we exclude blazars (OVVQs, HPQs, 
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The main parameters
LB ≡ νB × LνB   ,   λ B ≡4400 Å   

    nuclear B-band luminosity
    by assumption Lacc = 10 × LB

LR ≡ νR × LνR   ,   νR ≡ 5 GHz   
    total jet radio luminosity
    by assumption Lj ∝ LR

R ≡ LνR/LνB ≈ 105 × (LR/LB) 
    radio-loudness parameter

LEdd = 4πGMBHmpc/σT ≈ 1038 × (MBH/M⊙) erg/s
    Eddington luminosity
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Two sequences on the LB–LR plane

(Sikora, LS & Lasota 2007)
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The same two sequences emerge 
on the (LB/LEdd)-(LR/LEdd) plane

The upper sequence is almost 
exclusively populated by 
objects hosted by elliptical 
galaxies with MBH > 108 M⊙

Lower sequence is populated 
by AGNs hosted by both 
elliptical and disk galaxies 
with 106M⊙ < MBH < 1010 M⊙ 

Both sequences show similar increase LR∝LB
n (with 0<n<1) at 

low LB, and some plateau LR∝const at high LB .
This indicates some Lj - Lacc correlation, different however 

(in normalization) for both sequences.mercoledì 15 luglio 2009



Jet/disk connection in blazar sources 

Sambruna et al. (2006)

Extremely efficient jet production in 
blazars of different types and 

different accretion rates, with Lj 
possibly scaling with Lacc .

Ghisellini et al. (2009)

np = ne assumed; with np ~ 0.1 ne 
one can get Lj ~ Laccmercoledì 15 luglio 2009



What does it mean „radio 
loud” or „radio-quiet” AGN?

(Sikora, LS & Lasota 2007)

Standard definition 
of radioloudness 
introduced for 

quasars

R>10

is often applied to 
other types of AGN.

Is it meaningful?
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Trends in radio loudness

b) This trend is followed separately by the 
two „radio-loud” and „radio-quiet” sequences.
c) Some saturation of radio loudness R at 
low accretion rates (λ < 10-3) can be noted.

a)  Radio loudness parameter R increases with 
decreasing Eddington ratioλ.

Anticorrelation
found before for 
low-power sources 
(Ho 2002,
Panessa et al. 2007)
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AGN with MBH > 108 M⊙ seem to reach 
values of radioloudness >103 times larger 

(Sikora, LS & Lasota 2007)
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MBH-related radioludness (?)
Ho 2002: 

Sy1s-2s, 
LINERs, 
PG QSOs

NO

Woo & Urry 
2002: 

Radio or 
optically 
selected 
QSOs

NO

Liu et al. 
2004:
 
RL QSOs, 
RQ QSOs

YES

McLure & 
Jarvis 2004: 

Optically 
selected 
QSOs
(SDSS/FIRST)

YESmercoledì 15 luglio 2009



Relation between LR and MBH ?

(Sikora, LS & Lasota 2007)
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McLure & Jarvis (2004):
Radio luminosities and black hole 
masses of SDSS/FIRST QSOs

are correlated, however with the 
huge scatter. 

Liu et al. (2006):
Lj ∝ MBH

1.2

Allen et al. (2006), 
Merloni & Heinz (2007):

For low-power (sub-Eddington) 
sources in clusters and ellipticals,
jet power correlated with Bondi 

accretion rate,
Lj ∝ PBondi

1.3

This, for a similar ambient 
medium parameters, implies

Lj ∝ MBH
2.6

Claims regarding the relation 
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Galactic „microquasars”

In the case of XRBs, at low accretion rates the radio luminosity scales 
with the accretion (X-ray) luminosity like LR∝LX

0.7 (Gallo et al., 2003). 

At high accretion rates, λ ≥ 0.01 , such scaling breaks down, and the 

jet production is highly intermittent (Fender et al., 2004).
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„Classical” (quasar) radio bimodiality

Ivezić et al. 2002, 2004
(A. Celotti)

Intermittent jet activity 
at high accretion rates in 
elliptical-hosted AGNs?

(F. Yuan, A. Siemiginowska)

~10% of QSOs 
is „radio-loud”: 

R>10
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What controls 
the jet production efficiency?

 It was proposed that in AGNs similar relation between LR and Lacc 
holds, i.e. that for low accretion rates LR is a monotonic function of 
Lacc, while at high accretion rates jet production is highly 
intermittent (e.g., Merloni et al., 2003, Nipoti et al., 2005).

 However, LR∝Lacc (at low λ ) trend is followed separately by the 

both „radio-loud” and „radio-quiet” sequences in the analyzed 
sample. Also, jet intermittency at high accretion rates is 
restricted to AGNs hosted by ellipticals. 

 This shows that yet another parameter in addition to the 
accretion rate must play a role in determining the jet production 
efficiency, and that this parameter is related to the properties 
of the host galaxy.
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Questions to be addressed:

a) Why the efficiency of jet production 
is much larger in elliptical-hosted 
AGNs than in spiral-hosted AGNs? 

      (Xu et al. 
1999)

a) Why the jet activity at high accretion 
rates in elliptical-hosted AGNs is 
highly intermittent?

b) Why there is only one „radio-loudness 
mercoledì 15 luglio 2009



The Spin Paradigm
Blandford 1990: 
    assuming that a jet is powered by a rotating BH via the Blandford-Znajek 

mechanism, one may suspect that the jet production efficiency is determined by 
the spin of a BH, a = J/Jmax = cJ/G MBH

2 
     
     Lj ∝ a2 dependance for a BZ jet confirmed by 
     Komissarov & Barkov for large values of a

Wilson & Colbert 1995, Hughes & Blandford 2003 
   („Classical Spin Paradigm”) Jet production efficiency depends on the BH spin. BH 

spin evolution is determined by BH mergers / accretion of matter. BHs in all 
radio-quiet QSOs spin slowly, and in all radio-loud AGN spin rapidly. This 
requires „bottom-heavy” distribution of BH spin, in order to account for small 
fraction of jetted AGN.

Sikora, LS & Lasota 2007 
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Some speculations

a) Spin evolution of SMBHs in spiral galaxies seems to be 
controled by multiple accretion events with random orientation 
of angular momentum vectors and small increments of mass, m << 
malign ~ a (RS/Rw)0.5 MBH where RS = 2 G MBH/c2 and Rw ~ 104 RS. 
Thus, one can expect small BH spins in spirals (accretion may 
spin-up but also spin-down SMBHs). This is consistent with the 
observed short lifetimes of individual accretion events in 
Syfert galaxies (Kharb et al., 2006), and random orientation of 
jets relative to the axis of the host (Schmitt et al., 2001).

b) Unlike spiral galaxies, every elliptical underwent at least one 
major merger in its past, followed by the accretion of mass m >> 
malign (which will always spin-up the SMBH). Thus, all SMBHs in 
ellipticals may spin rapidly (a > 0.9 if m ~ MBH). This is consistent 
with large spin of black holes required for quasars 

    (Soltan 1982, Elvis et al., 1994, Marconi et al., 2004).
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Is it a plausible scenario?

Spin of BHs at z=0 in elliptical (upper) 
and disc (lower) galaxies. BH grows by a 
sequence of randomly oriented accretion 
episodes in a merger driven scenario. 
Here, E/D classification is based on the 
frequency of major and minor mergers.

Evolution of BH spins due to accretion 
of molecular clouds cores. A lognormal 
distribution for the mass function of 
molecular clouds is assumed. Spin down
in a random walk fashion is observed.
 (M. Volonter, A. King)

(Volonteri et al. 2007)
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Extragalactic Radio Background

The resolved radio sources may account 
for maximum 25% of the extragalactic 
radio background!
(e.g., Gervasi et al. 2008, Ballantyne 
2009, Singal, LS et al. 2009)

ARCADE 2 collaboration has measured 
the extragalactic radio background 

between 100 MHz and 10 GHz

T(ν) ~ (ν/GHz)-2.6 [K]

(Fixsen et al. 2009, Seiffert et al. 2009, 
Singal et al. 2009, Kogut et al. 2009) 

Radio-loud AGN
(~ 15% contribution)

Radio-quiet AGN
and starforming galaxies
(~ 10% contribution)

(Singal, LS, Petrosian, & Lawrence)
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Missing radio sources

Very faint, 
very numerous…

(Singal, LS, 
Petrosian, & Lawrence)
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Radio background due to „radio quiet” AGN…
Extended (and low surface 

brightness) radio relicts, IGM/
ICM, etc., exluded by the 

observed level of the X-ray and 
gamma-ray background.

Regular starforming galaxies 
(obbeying the radio/FIR 

correlation) exluded by the 
observed level of the FIR 

background (see also Dwek & 
Barker 2002)

(Singal, LS, Petrosian, & Lawrence)

B = nG

B = µG

Interestingly, radio-quiet quasar are expected to contribute to the observed 
extragalactic radio background at the level of a few % [contribution estimated by 
constructing radio luminosity function of RQ QSOs based on the quasar bolometric 
luminosity function (Hopkins et al. 2007) and the stacking analysis by White et al. 
(2007) indicating Lacc ~ 0.05 LR

1.2 ]
A plausible solution: the observed radio background is due to high-z spiral-hosted 
AGN characterized by the enhanced jet production efficiency (an evolving radio/
FIR correlation), due to larger spins of SMBH in high-z disk galaxies.mercoledì 15 luglio 2009



Conclusions
a) The upper boundaries of radio-loudness of AGNs 

hosted by giant elliptical galaxies are by ~3 orders of 
magnitude larger than upper boundaries of radio-
loudness of AGNs hosted by disc galaxies.

b) Both populations of spiral-hosted and elliptical-
hosted AGNs show a similar but distinct dependence 
of the upper bounds of the radio loudness parameter 
on the Eddington ratio (the radio loudness increases 
with decreasing Eddington ratio, faster at higher 
accretion rates, slower at lower accretion rates).

c) We propose that the huge, host morphology-related 
difference between the radio-loudness reachable by 
AGNs in disc and elliptical galaxies can be explained 
by the scenario according to which the spin of a 
black hole determines the outflow’s power, and 
central black holes can reach large spins only in early 
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