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How are jets and winds formed? 

Are they present only in a small fraction of the AGN population? 

Are the jet and the wind connected to the accretion flow and how? 

Which is the activity duty cycle in AGN? 

How is the jet and wind feedback acting in galaxies? 

OPEN QUESTIONS  



Shang et al. (2011) 
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Shang et al. (2011) 



THE DOMINANT SKA POPULATION: RADIO FAINT AGN 

Ulvestad et al. 2001, Nagar et al. 2002, Giroletti & Panessa 2009, Panessa & Giroletti 2013, Bontempi et al. 2012) 
 



THE DOMINANT SKA POPULATION: RADIO FAINT AGN 

Amy Kimball’s courtesy 



(Chiaraluce et al. in preparation) 

  ~300 microJy/beam at 5 GHz  

 in 7 mins observation with JVLA 

 Full SKA will detect nanoJy sources  

THE SKA ON LLAGN 



0.5-2 keV flux of 4e-14 ergs in 15 ks 

courtesy of Hernandez-Garcia 

Athena simulation Texp = 8 ks 
 

THE SKA – ATHENA SYNERGY ON LLAGN 

Cappi et al. (2006) 





Explore SEDs of AGN from a very large range of Eddington ratios  
 test accretion regime transitions and jet production 

Ho et al. 2008 

THE SKA – ATHENA SYNERGY ON AGN 



 Evolution of accretoion/ejection activity at high-z 

THE SKA – ATHENA SYNERGY ON AGN 

Delvecchio et al. (2018) 



ACCRETION/EJECTION COUPLING 

Hannikainen et al. (1998), Corbel et al. (2003), Gallo, Fender & Pooley (2003)  

Coriat et al. (2011)  



Laor & Behar 2008 
Panessa et al. (2007)  

 

Correlation from low luminosity AGN to bright AGN 

 hypothesis: RQ AGN lie on the same relation as Coronally Active stars  

and radio emission originates from coronal mass ejections 

ACCRETION/EJECTION COUPLING 



 
RADIO from synchrotron emission 
of power-law (PL) electrons in 
coronal models: 
 

Raginski & Laor in preparation 

If X-rays are by comptonization from PL 
electrons  
 same radio and X-ray spectral slope 

Raginski & Laor (2016) 

THE SKA – ATHENA SYNERGY ON AGN 



JET DEPENDENCE on SPIN 

Jet energy can come from the rotational energy of a black hole: 

Dovciak et al. Athena supporting paper 

 In X-ray binaries moderate or no 

convincing correlation between the 

jet and a spin (Miller et al. 2009, 

Fender et al. 2010, Narayan et al. 

2011 ) 

 

 the spin paradigm for jet power is 

still awaiting broad observational 

support 

 

 jets 

 weak jets 

 statistically relevant correlation to probe the spin paradigm 



post-shock region of radius ∼0.3 pc (Pounds and Vaughan 2011)  

 

WINDS in NON JETTED AGN 

NGC 4051 

Giroletti & Panessa 2009 

Radio linear size < 0.31 pc 

 derive physical parameters to contrain outflow models 

 outflows with a wide range of velocities and ionization parameter  



JET AND OUTFLOW COEXISTENCE 

Ultra fast outflows in 27% of 26 Radio-Loud AGN sample (Tombesi et al. 2014) 

Longinotti et al. 2015 

Giroletti et al. 2017 

IRAS 17020+4544 

 determine the occurrence of radio jets and their properties over a 

wide range of powers, morphologies and spatial scales 

 detect a large number of outflows in jetted AGN,  

     determining their physical parameters 

estimate the outflow and jet kinetic power  feedback 



Schoenmakers et al. 2000 

Dennett-Thorpe et al. 2002  

X-shaped radio-sources 

Double-double radio-sources 

AGN RESTARTING ACTIVITY 

 discover a large number of new restarting activity sources (now rare!)   

 estimate the present epoch activity of the source 

estimate the duty cycle of activity in galaxies 



Thank you! 



THE REACTIVATING NUCLEUS OF PBC J2333.9-2343 

from giant radio galaxy to blazar! 

 

  

Hernandez-Garcia et al. 2017 
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 small angle! 







 Study of the jet launching and acceleration zone in nearby AGN 
 

 Systematic measurement of the brightness temperatures, slopes and morphologies 
in complete samples of radio sources 
 

 Investigate flaring coronal and jet activity and its correlation with X-ray activity 

Probe the kpc to pc scale properties of jets and AGN cores 

 
 SKA 1_mid (2019): survey between 1-3 GHz (100 km baseline)  

 In 1hr 1 microJy with 100 mas  
 103 more LLAGN 
 
Powerful tool to search for weak AGN 

THE DOMINANT SKA POPULATION: RADIO FAINT AGN 

https://www.skatelescope.org/






ANTICIPATED  SKA1 HPC RE QUIREMENTS – May 2018 





JET-DISK COUPLING in AGN 

MONITORING VARIABILITY 

X-ray and radio simultaneous monitoring at 

more frequencies, at different time scales, at 

higher sensitivities to constrain physical models: 

 disk instabilities propagate into the jet base 

 coronal mass ejections 

 comparison to XRBs 

Panessa et al. in prep 

Bell et al. 2011 



FR I 3C120: Superluminal ejections follow X-ray dips 
 Similar to microquasar GRS 1915+105 

Marsher et al. 2002 

JET-DISK COUPLING in JETTED AGN 

MONITORING VARIABILITY 



Tracer of the gas in the inner parts of the 

galaxy down to low-luminosity radio AGN  

(10 mJy at high z) 

  Tracer of circumnuclear disks  

  Infalling gas ➔ feeding  

  Outflowing gas ➔ feedback 

TRACING RADIATION WINDS AND JET-DRIVEN OUTFLOWS 

WITH HI ABSORPTION  
Cappi et al. Athena support 

The combined spatial and spectral response of 

the X-IFU on Athena+ will allow to map the 

velocity field of the hot gas with uncertainties 

of ~20-30 km/s on scales down to few kpc in 

40-50 nearby AGN/ULIRG/starburst galaxies 

courtesy of Raffaella Morganti 


