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2) From “radio quiet” to “radio loud”: properties and recent results 



Themes of the lectures

• An introduction to radio-astronomy and radio surveys 

• From “radio quiet” to “radio loud” AGN: properties and recent results 

• Radio galaxies and their life cycle  

• The impact of radio jets on the interstellar medium and galaxy evolution 



Where/how radio emission 



Radio emission mechanisms: “normal” galaxies
Radio emission from normal galaxies is synchrotron radiation from relativistic 
electrons and free-free emission from HII regions. Only stars more massive 
than M ~ 8 M⦿ produce the Type II and Type Ib supernovae whose remnants 
(SNRs) are thought to accelerate most of the relativistic electrons in normal 
galaxies, and these massive stars ionise the H II regions as well. Such 
massive stars live ≲3 x 107 yr, and the relativistic electrons probably have 
lifetimes ≲108 yr. Radio observations are therefore probes of very recent star-
formation activity in normal galaxies.

Also line emission - in particular 21 cm HI and molecular gas (ALMA) 

Condon J. ARA&A 1992

M51 at 48-GHz from VLA and Effelsberg 100-m

polarised emission 

Sum (solid line) of 

synchrotron (dot-dash line), 

free-free (dashed), and dust 

(dotted line) components

From the radio emission the SFR can be derived 
IF no contribution of the AGN is present

Correlation radio-farIR 

connected to starformation

Observed radio/FIR spectrum of M82


(Klein et al. 1988, Carlstrom & Kronberg 1991)



Particle accelerated by a magnetic field will radiate.

Emission but also synchrotron self-absorption 


Beamed and polarised radiation

Energy of the electrons 

Lorentz factor 
E = �mec

2
<latexit sha1_base64="8yYR0xN6aNZ/rCmmqai9jSYwtpo=">AAAB+3icbZDLSgMxFIYzXmu9jXXpJlgEV2WmCLoRiiK4rGAv0I5DJj3ThiaZIcmIpfRV3LhQxK0v4s63MW1noa0/BD7+cw7n5I9SzrTxvG9nZXVtfWOzsFXc3tnd23cPSk2dZIpCgyY8Ue2IaOBMQsMww6GdKiAi4tCKhtfTeusRlGaJvDejFAJB+pLFjBJjrdAt3eBL3O0TIQgWIWD6UA3dslfxZsLL4OdQRrnqofvV7SU0EyAN5UTrju+lJhgTZRjlMCl2Mw0poUPSh45FSQToYDy7fYJPrNPDcaLskwbP3N8TYyK0HonIdgpiBnqxNjX/q3UyE18EYybTzICk80VxxrFJ8DQI3GMKqOEjC4QqZm/FdEAUocbGVbQh+ItfXoZmteJbvjsr167yOAroCB2jU+Sjc1RDt6iOGoiiJ/SMXtGbM3FenHfnY9664uQzh+iPnM8fp+2S5A==</latexit><latexit sha1_base64="8yYR0xN6aNZ/rCmmqai9jSYwtpo=">AAAB+3icbZDLSgMxFIYzXmu9jXXpJlgEV2WmCLoRiiK4rGAv0I5DJj3ThiaZIcmIpfRV3LhQxK0v4s63MW1noa0/BD7+cw7n5I9SzrTxvG9nZXVtfWOzsFXc3tnd23cPSk2dZIpCgyY8Ue2IaOBMQsMww6GdKiAi4tCKhtfTeusRlGaJvDejFAJB+pLFjBJjrdAt3eBL3O0TIQgWIWD6UA3dslfxZsLL4OdQRrnqofvV7SU0EyAN5UTrju+lJhgTZRjlMCl2Mw0poUPSh45FSQToYDy7fYJPrNPDcaLskwbP3N8TYyK0HonIdgpiBnqxNjX/q3UyE18EYybTzICk80VxxrFJ8DQI3GMKqOEjC4QqZm/FdEAUocbGVbQh+ItfXoZmteJbvjsr167yOAroCB2jU+Sjc1RDt6iOGoiiJ/SMXtGbM3FenHfnY9664uQzh+iPnM8fp+2S5A==</latexit><latexit sha1_base64="8yYR0xN6aNZ/rCmmqai9jSYwtpo=">AAAB+3icbZDLSgMxFIYzXmu9jXXpJlgEV2WmCLoRiiK4rGAv0I5DJj3ThiaZIcmIpfRV3LhQxK0v4s63MW1noa0/BD7+cw7n5I9SzrTxvG9nZXVtfWOzsFXc3tnd23cPSk2dZIpCgyY8Ue2IaOBMQsMww6GdKiAi4tCKhtfTeusRlGaJvDejFAJB+pLFjBJjrdAt3eBL3O0TIQgWIWD6UA3dslfxZsLL4OdQRrnqofvV7SU0EyAN5UTrju+lJhgTZRjlMCl2Mw0poUPSh45FSQToYDy7fYJPrNPDcaLskwbP3N8TYyK0HonIdgpiBnqxNjX/q3UyE18EYybTzICk80VxxrFJ8DQI3GMKqOEjC4QqZm/FdEAUocbGVbQh+ItfXoZmteJbvjsr167yOAroCB2jU+Sjc1RDt6iOGoiiJ/SMXtGbM3FenHfnY9664uQzh+iPnM8fp+2S5A==</latexit><latexit sha1_base64="8yYR0xN6aNZ/rCmmqai9jSYwtpo=">AAAB+3icbZDLSgMxFIYzXmu9jXXpJlgEV2WmCLoRiiK4rGAv0I5DJj3ThiaZIcmIpfRV3LhQxK0v4s63MW1noa0/BD7+cw7n5I9SzrTxvG9nZXVtfWOzsFXc3tnd23cPSk2dZIpCgyY8Ue2IaOBMQsMww6GdKiAi4tCKhtfTeusRlGaJvDejFAJB+pLFjBJjrdAt3eBL3O0TIQgWIWD6UA3dslfxZsLL4OdQRrnqofvV7SU0EyAN5UTrju+lJhgTZRjlMCl2Mw0poUPSh45FSQToYDy7fYJPrNPDcaLskwbP3N8TYyK0HonIdgpiBnqxNjX/q3UyE18EYybTzICk80VxxrFJ8DQI3GMKqOEjC4QqZm/FdEAUocbGVbQh+ItfXoZmteJbvjsr167yOAroCB2jU+Sjc1RDt6iOGoiiJ/SMXtGbM3FenHfnY9664uQzh+iPnM8fp+2S5A==</latexit>

� =
1p

(1� (v/c)2
<latexit sha1_base64="GVOCtnT9co3tQVEqFFO3JytKk6g=">AAACC3icbZC7SgNBFIbPeo3xFrURbIYEIRbGXRttBFELywhGA9kYZiezyeDM7DozK4RlextfxcZCEQsbX8DOt3FyKTTxh4GP/5zDmfMHMWfauO63MzU9Mzs3n1vILy4tr6wW1tavdJQoQmsk4pGqB1hTziStGWY4rceKYhFweh3cnvbr1/dUaRbJS9OLaVPgjmQhI9hYq1Uo+h0sBD7yQ4VJ6mWpr++UScvebvl+j+zc7GdZq1ByK+5AaBK8EZSOz+TmBwBUW4Uvvx2RRFBpCMdaNzw3Ns0UK8MIp1neTzSNMbnFHdqwKLGgupkObsnQtnXaKIyUfdKggft7IsVC654IbKfApqvHa33zv1ojMeFhM2UyTgyVZLgoTDgyEeoHg9pMUWJ4zwImitm/ItLFNhVj48vbELzxkyfhar/iWb6waZzAUDnYgiKUwYMDOIZzqEINCDzAE7zAq/PoPDtvzvuwdcoZzWzAHzmfP0FKnAc=</latexit><latexit sha1_base64="Ak4mdoVYvJgr4ATxvFPAkNDRKpw=">AAACC3icbZC7TsMwFIadcivlFmBBYolaIcpASbrAglQBA2OR6EVqQuW4TmvVdoLtVKpCdhZehYUBhGDkBdh4G9zLAIVfsvTpP+fo+Px+RIlUtv1lZObmFxaXssu5ldW19Q1zc6suw1ggXEMhDUXThxJTwnFNEUVxMxIYMp/iht8/H9UbAywkCfm1GkbYY7DLSUAQVNpqm3m3CxmDp24gIEqcNHHlrVBJ0TksDo7QwU05TdtmwS7ZY1l/wZlCoXLBd96D/btq2/x0OyGKGeYKUShly7Ej5SVQKIIoTnNuLHEEUR92cUsjhwxLLxnfklp72ulYQSj048oauz8nEsikHDJfdzKoenK2NjL/q7ViFZx4CeFRrDBHk0VBTC0VWqNgrA4RGCk61ACRIPqvFupBnYrS8eV0CM7syX+hXi45mq90GmdgoizYBXlQBA44BhVwCaqgBhC4B4/gGbwYD8aT8Wq8TVozxnRmG/yS8fENn0GdDQ==</latexit><latexit sha1_base64="Ak4mdoVYvJgr4ATxvFPAkNDRKpw=">AAACC3icbZC7TsMwFIadcivlFmBBYolaIcpASbrAglQBA2OR6EVqQuW4TmvVdoLtVKpCdhZehYUBhGDkBdh4G9zLAIVfsvTpP+fo+Px+RIlUtv1lZObmFxaXssu5ldW19Q1zc6suw1ggXEMhDUXThxJTwnFNEUVxMxIYMp/iht8/H9UbAywkCfm1GkbYY7DLSUAQVNpqm3m3CxmDp24gIEqcNHHlrVBJ0TksDo7QwU05TdtmwS7ZY1l/wZlCoXLBd96D/btq2/x0OyGKGeYKUShly7Ej5SVQKIIoTnNuLHEEUR92cUsjhwxLLxnfklp72ulYQSj048oauz8nEsikHDJfdzKoenK2NjL/q7ViFZx4CeFRrDBHk0VBTC0VWqNgrA4RGCk61ACRIPqvFupBnYrS8eV0CM7syX+hXi45mq90GmdgoizYBXlQBA44BhVwCaqgBhC4B4/gGbwYD8aT8Wq8TVozxnRmG/yS8fENn0GdDQ==</latexit><latexit sha1_base64="PXGds7okbmzwobnnLOc/7ZD9b1g=">AAACC3icbZC7TsMwFIadcivlFmBksVohlYGSdIEFqYKFsUj0IjWhclyntWo7wXYqVVF2Fl6FhQGEWHkBNt4G9zJAyy9Z+vSfc3R8/iBmVGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF5P6q0RkYpG4k6PY+Jz1Bc0pBhpY3XtotdHnKNLL5QIp26WeupB6rTsnpZHZ/jkvpplXbvkVJyp4DK4cyiBuepd+8vrRTjhRGjMkFId14m1nyKpKWYkK3iJIjHCQ9QnHYMCcaL8dHpLBo+N04NhJM0TGk7d3xMp4kqNeWA6OdIDtVibmP/VOokOL/yUijjRRODZojBhUEdwEgzsUUmwZmMDCEtq/grxAJlUtImvYEJwF09ehma14hq+dUq1q3kceXAEiqAMXHAOauAG1EEDYPAInsEreLOerBfr3fqYteas+cwh+CPr8wfW7Zo9</latexit>

Frequency of emission ⌫c =
3�2

eB

4⇡mec
⇠ 4.2⇥ 106�2(

B

1G
)Hz

<latexit sha1_base64="d64Z+oCmzBFv/Vf2HdxKQo24/ds="></latexit><latexit sha1_base64="miqMDSPqrjwnPEQRFX6BdN3eV9k="></latexit><latexit sha1_base64="miqMDSPqrjwnPEQRFX6BdN3eV9k="></latexit><latexit sha1_base64="84HsOhndTz1VnWKdL1W4eI1RWpM="></latexit>

Emission	at	e.g.	10GHz		in	a	field	10-4	G	➜ 
➜	relativistic	electrons	➜	cosmic	ray	origin	 � ⇠ 105
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emitted flux

ensemble of relativistic electrons ➔ power law 
spectrum (in absence of absorption mechanisms) 

spectral index
spectral 
index 

observed ⍺~0.7  ➜ s~2.4
consistent with measured spectrum of cosmic rays  

Continuum Radio emission mechanisms: “active” galaxies

Dominant mechanism: Synchrotron radiation 

also indicated as 
F∝𝛎⍺


(check always the 
definition in the paper)

magnetic field 



Small detour:  
what is an AGN?

before starting with radio AGN…



AGN in a nutshell 
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* Nuclei are unresolved (<100pc)
* Nuclear mass is very high if emission-line broadening is caused by  
   bound material (M~v2r/G~109±1 M⦿)

* Nuclear emission last for >108 years (1/100th spirals is a Seyfert and the  
   Universe is 1010 yrs) ➜ assuming all spiral galaxies pass a Seyfert phase!

NGC 1068.

http://adsabs.harvard.edu/abs/1999PASP..111..661S


Galaxies and SMBH

All massive galaxies host a supermassive black hole (SMBH)  

         ➔ relation MBH-σ velocity dispersion of the 

              stars in the bulge of the galaxy 

but not all SMBH are active (right now…)

M
B

H
 (M

⦿
)

109

107

σ (km/s)cycling between “on” and “off” phases, see next Les



The nuclear regions of an AGN
Energy resulting from accretion onto a compact and massive 

object (supermassive black hole) and the associated release of 
the binding gravitational energy

Such high luminosity  will produce an enormous radiation pressure 
➙ minimum central mass for material to be gravitational bound to 

the centre of the galaxy 

jets

winds

accretion 

disc

SMBH

Gravitation should dominate the radiation:  

for a given central mass the luminosity cannot 

exceed the Eddington luminosity  

Ratio between Eddington and AGN luminosities ➙ e"iciency of the AGN

A variety of processes and emission from the various regions: multi-wavebands phenomenon…

σT=scattering of photons by free electrons: 
Thompson scatter  

MBH= BH mass  
G = gravitation constant 

mp= proton mass  



LOFAR
EVLA

WSRT

ATCA

VLBI...

GMRT

ALMA

84–720GHz 

(3mm – 420μ)

Herschel

55–672 microns

Spitzer

 3 to 180μ
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Fermi

10 keV - 300 GeV

Chandra, XMM

0.1 - 10 keV

 e.g. VLTI

 SINFONI 


1.1–2.45 μ 

Galex

135 to 280 nm

 HST 

100 - 1000 nm 

VLT

WHT


Gemini

...

AGN can emit across the entire spectrum 

http://en.wikipedia.org/wiki/Nanometre


Some of the signatures 
of an AGN 

•Luminous UV emission from a compact region in the centre of galaxy 

•Strong emission lines, sometimes highly Doppler-broadened  

•High Variability on time-scales of days to months  

•Strong Non-Thermal Emission  

•X-ray, γ-ray and TeV-emission  

•Cosmic Ray Production 

•Compact Radio Core  

•Extended linear radio structures (jets+hotspots) 

not all simultaneously present!

because of this variety, AGN means  
different objects to different people…

NGC 1068.



Why interesting?

The energy produced by the growth of the SMBH 
can exceeds the binding energy of the host galaxy  

Interesting in their own right - observed at different wavelengths  

   ➔ radio - IR/optical - X-ray, ɣ-ray … variety of phenomena to be explained!

Radiation, winds and jets from the active nucleus of a massive galaxy can interact with its interstellar medium 
leading to ejection or heating of the gas. This can terminate star formation in the galaxy and stop the 

accretion onto the black hole. Such AGN feedback can account for the observed proportionality between 
central black hole and host galaxy mass (e.g. review Fabian 2012). 

Role in galaxy evolution …
We will get back to this in Les 4



Role of AGN in galaxy evolution: cosmological simulations
Preventing gas from cooling  

and/or  
ejecting gas (outflows)

“Quasar” mode

“jet/maintenance” mode
(cluster-scale)

red=radio 

blue=X-ray

Important role for radio AGN (radio jets) 



Questions on this part?



Radio AGN: galaxies where the 
nuclear radio emission originate 

from the active nucleus

but not always easy!  

we start with the “historical” idea  

(still very much used although a bit 
misleading)… 

How do we establish this?

Starting point: rule out that the radio originates from starformation  

Far-IR - radio correlation  

Morphology ➙ following the stellar distribution instead of collimated structures (jet) from the nucleus 

Correlation radio-farIR 

connected to starformation



Historically: suggested (a relatively arbitrary) 
radio-dichotomy radio-quiet vs radio-loud

Radio-loudness parameter R, ratio between radio (5GHz) and optical (B-band) monochromatic luminosity 
(proxy for stars…) 
Optically selected AGN have been historically divided in radio-loud or radio-quiet depending on the value of 
the radio loudness parameter R:  

Radio-quiet objects show values of R concentrated between 0.1-1, while in radio-loud sources the R values 

range from 10 to 100 (Kellerman et al. 1989), so that the boundary between the two classes is normally 
defined at R = 10 (Visnovsky et al. 1992; Kellerman et al. 1989).

radio-quiet doesn’t mean radio silent!

introduced as a a way to distinguish if the 
radio emission comes (mainly) from stars or 
from AGN but too approximate (see later)

R = Fνr
/Fν(4400Å)

or in term of luminosity

R = L5GHz/LB
<latexit sha1_base64="sUhEYFxHaP8egMT8NnZn+ELDPyU="></latexit><latexit sha1_base64="sUhEYFxHaP8egMT8NnZn+ELDPyU="></latexit><latexit sha1_base64="sUhEYFxHaP8egMT8NnZn+ELDPyU="></latexit><latexit sha1_base64="sUhEYFxHaP8egMT8NnZn+ELDPyU="></latexit>

https://www.aanda.org/articles/aa/full/2007/20/aa6943-06/aa6943-06.right.html#1992ApJ...391..560V


Kellermann et al. (1989) 
Falcke, Sherwood, Patnaik (1996)

★ Originally suggested to separate radio from star-formation and 
AGN: indeed many radio-quiet are found in spiral galaxies 

★ Situation more complicated: radio from AGN also in radio quiet, 
variety of possible origins for the radio emission (including from 
jets, which is the dominant process in radio-loud)

R=radio/optical flux

Ellipticals

Ellipticals 
+ Spirals

radio-quiet radio-loud

spiral galaxies host only low radio 
luminosity (radio-quiet) AGN

Not really a dichotomy and nature of “radio-quiet” more 
complex than only star-forming!

review
 Pan

essa et al. 20
19

 

the term “radio-quiet” can be  misleading: 
better avoid or being more specific!



Best et al. 2005, Sabater et al. 2019

➢  Radio-loud AGN are preferentially hosted by massive early-type 
galaxies  

➢ At lower luminosities more sources are hosted by spiral galaxies 

➢ Fraction of radio AGN increasing with stellar mass of the host galaxy 
and with decreasing radio luminosity:  
for the highest masses, fraction of galaxies that are radio sources >25% 

Mauch & Sadler 2007

NVSS = NRAO VLA Sky Survey

radio from stars 
and SN dominates

radio from AGN 
dominates

Why do we care so much about “radio-quiet” sources?  
Because much more common (even if the radio emission less spectacular!)

we will see some examples…



radio luminosity

often called “radio-quiet” 
R = L5GHz/LB <10 (Kellermann et al. 1989)

1025
 W/Hz

10241021 1023 1026

Mrk231

“radio-loud”

NGC1266
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Harrison  et al.  2014



But let’s first look at what is the structure of a  
radio-loud AGN 

so that later is clear the difference for radio-quiet…



Radio AGN  
(either radio loud or radio quiet )

we will call them: radio galaxies
… typically early-type galaxies 

radio sources = more general (also spirals)  

radio quasars = associated with quasar objects… 



 These structures can be of any size: from pc to Mpc 
First order similarity of the radio morphology  in all radio galaxies  

but differences depending on radio power, optical luminosity & orientation) 
 Typical monochromatic radio luminosity (@ 1.4 GHz) 1023 to 1028 W/Hz

Lobes

 Core (or nucleus)

Jets

Hot-spots

A prototypical (powerful) radio galaxy
Cygnus A



A prototypical radio galaxy

“cocoon” shocked jet gas

backflow
bowshock galactic/intergalactic gas

hot-spot (region of interaction )

Cygnus A
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Tchekhovskoy et al. 2013

Complex structure getting 
closer to the SMBH

M87 jet movie - radio observations at 
different epochs - Walker et al. 2018

(see also Mertens et al. 2016) 

From Craig Walker
Schwarzschild radius of the M87 black hole (2GM/c2) is 7.3 microarcseconds.

acceleration from apparent speeds of < 0.5c to > 2c in the inner ∼2 milliarcsec (mas) and suggest a helical flow. 

linear conversion scale of 1 mas ~0.08 pc

Uchida et al. 1999

Meier et al. 2001

Proposed by Blandford & Znajek 1977: Electromagnetic extraction of energy from Kerr BH 
  This theory explains the extraction of energy from magnetic fields around an accretion disk, which are dragged and 

twisted by the spin of the black hole. Relativistic material is then launched by the tightening of the field lines.

Image from Evnt Horizont Telescope (ETH) 



Jets are considered “light”: composition mostly electrons, but still not 
fully clear 

The luminosity of the jet is a fraction of its power ➙ importante for the 
impact on the host galaxy

not easy parameters to measure! 
empirical relations to estimate the jet power commonly used.  

We will get back to this in Les 3



Jets and lobes: evolution of a radio galaxy  
H
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• Continuous injection of relativistic electrons: 
power law spectrum with steepening due to 

energy losses

•  Central energy supply can stops and restart

we will see these phases in Les 3



Structure of radio AGN 

• The type of structure tells us about the 
properties of the jet (high/low Mach number), 
environment (dense/cluster or field) e"iciency of 
the central AGN and power of the radio source. 

Classification proposed by Fanaroff & Riley (1974) 
based on the location of the region of that the 

relative positions of regions of high and low surface 
brightness in the lobes of extragalactic radio 

•  To first order, two type of structures: 
useful for classification and understanding 
of the physical processes…in reality a 
larger variety of properties are observed.

Widen rapidly, jet decelerate from relativistic to sub-
relativistic speeds on scales of 1-10 kpc and recollimate. 

FRI strong entrainment otherwise underpressure - 
strong deceleration 

  
(Laing & Bridle 2002, Laing 2015)

Hot spots at the end of the jets 
overpressure wrt medium  

no strong entrainment,  

Croston et al. 2018 
Mingo et al. 2019



Radio structures from pc to Mpc 

~20 pc

Sizes resulting from: 
evolutionary stage (smaller ➔ younger)  

but expansion also depends on the interaction with ISM  
or  

orientation effects… example of giant radio galaxies 
with LOFAR

Similar morphologies on 
small and large scales  

~120 kpc

• Radio AGN  structures can be of any size - from pc to Mpc - much larger than the optical host galaxy.



~1 Mpc

LOFAR image  - Shulevski et al. 2019

Extreme radio AGN: giant radio galaxies

~2 kpc

VLBI - Schilizzi et al. 2001

A new epoch of activity



 What type of AGN are the radio galaxies? 

low excitation RG
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What makes the 
difference in ionisation?

comparison radio and presence of ionised gas  

high excitation, broad line RG

high excitation RG

high luminosity radio 

low luminosity radio 



Radiatively efficient AGN Radiatively inefficient AGN
most of the accretion power is not radiated (no 
accretion disk) but carried into the black hole 
(➜ geometrically thick advection-dominated 

accretion flow, cooling inefficient).  The 
majority of the energetic output is released in 

bulk kinetic form through radio jets. 


Optically thick (geometrically thin) accretion 
disks - reaching into the radius of the 

innermost stable orbit around the central 
supermassive black hole can be considered 

cooling-dominated flows: cooling efficiently 
and the energy is radiated  

Heckman & Best 2014 

Jets are rarer but more powerful radio emission more common but lower power 



Back to “radio-quiet”  
or better low-luminosity radio AGN



Low luminosity/radio “quiet” radio sources

Radio emission: typically small sizes - more complex morphologies


Dominated by entrainment - large fraction of thermal component (not only electrons)….

but the distribution of the radio emission can tell you if it is 
NOT coming from stellar emission but from the AGN
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Järvelä et al. 2021

Kadler et al. 2004



 Hot topic:  spatial coincidence radio - ionised gas in low luminosity AGN

signature of the radio affecting the surrounding gas?

Radio quiet obscured quasars: ∼80–90 per cent of these nine targets 
exhibit extended radio structures on 1–25 kpc scales. Associated with 
morphologically and kinematically distinct features in the ionized gas 
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The distribution of [O III] emission (S/N maps) with contours overlaid from the radio images NGC5929 - [Fe II] λ1.25 μm flux distribution with contours of the 
radio image overlaid (Ulvestad & Wilson 1989) 


Riffel, Storchi-Bergmann et al. 2014 



NGC1386 Rodríguez-Ardila et al. 2017  

Growing number of “radio-quiet” and low luminosity AGN (LLAGN) where a low power 
jet could be responsible for driving  a cocoon of disturbed/ionised gas  

We will get back to this in Les 4

May, Rodríguez-Ardila et al. 2018

ESO 428-G14 [Sivi] λ19641 Å emission line overlaid with 
the VLA 2 cm radio emission (blue contours)

 Hot topic:  spatial coincidence radio - ionised gas in low luminosity AGN 

signature of the radio affecting the surrounding gas?

Channel maps derived for the excitation ratio [Si VI]/Br γ in steps of 75 km/s. Green contours 
correspond to the 8.4 GHz radio data after subtraction of the nuclear unresolved source.  

Excitation map [O III]/(H α+[N 
II]) obtained from narrow-band 
HST images together with the 

radio emission at 8.4 GHz in 
contours.  

coronal lines



… it is clear that not all the “radio quiet” are originate from star-formation, but also not 

all from jets, alternatives have been proposed

review Panessa et al. 2019 shocks accelerate relativistic electrons producing synchrotron 

radio emission on scales > 100 pc, with powers at the level of 

those observed in RQ AGN, νLν ∼ 10−5 LAGN (Nims et al. 2015).

From the corona around the AGN 

(origin unclear) ➙ unresolved and 

correlation radio/X-ray. 

Signature to find: variability radio 

precedes the X-ray one



Summary of Les 2
A variety of AGN: multi-wavelengths observations needed for a full characterisation 

A variety of mechanisms producing radio emission. At lower radio luminosity, it can be 
difficult to separate radio from star formation to the emission from an AGN…. 

The definition of radio “quiet” can be misleading: radio “quiet” doesn’t mean the radio 
comes from star formation 

Radio-loud sources (radio galaxies) have collimated jets: two main morphological 
classes identified 

Connection (to first order) radio - ionised gas…. 

The main properties of radio sources change  with the radio luminosity: this can affect 
the impact of these jets 

Importance of low luminosity radio AGN: we will see more in Les 4




