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à	Evolution	of	accretion/ejection	activity	from	low	to	high	z	

THE SKA – ATHENA SYNERGY ON AGN 

Delvecchio	et	al.	(2018)	



AGN PHYSICS and FEEDBACK MAIN PLAYERs: 

Maiolino	et	al.	2017	-	Image	credit:	ESO	/	M.	Kornmesser	

Ø  Accretion	disc	
Ø Wind	

Ø  Jet	
Ø  Star-formation	

à	Radio	and	X-rays	emitters!	



How	are	jets	and	winds	formed?	

How	are	the	jet	and	the	wind	connected	to	the	accretion	flow?	

Do	accreting	objects	share	the	same	accretion/ejection	physics?	

Which	is	the	activity	duty	cycle	in	AGN?	

How	is	the	jet	and	wind	feedback	acting	in	galaxies?	

OPEN QUESTIONS  



Radio-Loud	
Radio-Quiet	

SKA-Low	 SKA-Mid	

Shang	et	al.	(2011)	



ONE of THE DOMINANT SKA POPULATION:  

RADIO FAINT AGN 

à  Full SKA will detect nanoJy sources  



 

SKA POPULATION: RADIO FAINT AGN 

Amy	Kimball’s	courtesy	

	Giroletti	&	Panessa	2009,	Bontempi	et	al.	2012,	Panessa	&	Giroletti	2013,	Baldi	et	al.	2018,	Panessa	et	al.	submitted	

Chiaraluce et al. in prep. (PhD@IAPS) 



(Chiaraluce et al. in preparation) 

 à ~300 microJy/beam at 5 GHz  
 in 7 mins observation with JVLA 

The SKA-Athena synergy on LLAGN 

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

courtesy	of	Hernandez-Garcia	

Athena	simulation	Texp	=	8	ks	
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Explore	SEDs	of	AGN	from	a	very	large	range	of	Eddington	ratios		
à	test	accretion	regime	transitions	and	jet	production	

Ho	et	al.	2008	

THE SKA – ATHENA SYNERGY ON AGN 



AGN and XRBs accretion/ejection physics 

Fender	&	Belloni	2012	



JET DEPENDENCE on SPIN 
Jet energy can come from the rotational energy of a black hole  
Blandford	&	Znajek	(1977)		
: 

Dovciak et al. Athena supporting paper 

ü  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 ) 

 
ü  the spin paradigm for jet power is 

still awaiting broad observational 
support 

à	jets	
à	weak	jets	

à 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 

à derive physical parameters to contrain outflow models 

à outflows with a wide range of velocities and ionization parameter  

SKA	-	Very	Long	Baseline	Inteferometry!!!	



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	

à determine the occurrence of radio jets and their properties over a 
wide range of powers, morphologies and spatial scales 

à detect a large number of outflows in jetted AGN,  
     determining their physical parameters 

estimate the outflow and jet kinetic power à feedback 



Molina	et	al.	2014,	2015,	Bassani	et	al.	2016,	Hernandez-Garcia	et	al.	2017,	Ursini	et	al.	2018,	Bruni	et	al.	submitted	

Dennett-Thorpe	et	al.	2002		

X-shaped radio-sources 

AGN RESTARTING ACTIVITY 

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

à estimate the present epoch activity of the source 

estimate the duty cycle of activity in galaxies 

Double-double radio-sources 

Bruni	et	al.	in	prep.	



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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X-RAY BINARIES in OUTBURST (weeks time scales) 

Fender	&	Belloni	2012	







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

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

ü  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	

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

ü  In	1hr	à1	microJy	with	100	mas		
ü  103	more	LLAGN	
	
Powerful	tool	to	search	for	weak	AGN	

THE DOMINANT SKA POPULATION: RADIO FAINT AGN 







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: 
ü  disk instabilities propagate into the jet base 
ü  coronal mass ejections 
ü  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 

from other features in the jet by high flux density and significant
linear polarization. Their apparent velocities range from 4.1 to 5.0c
(where c is the speed of light, and for a Hubble constant of
65 km s21Mpc21). We trace the motions to extrapolated ‘ejection’
times when each knot was coincident with the ‘core’, the bright spot
on the eastern end of the jet.
We observed 3C120 in the 2.4–20-keVX-ray band from the end of

1997 to early 2000 with the Rossi X-ray Timing Explorer (RXTE).
The observations were carried out weekly in 1998 and semi-weekly
in 1999, except for 8-week periods when the position of 3C120 was
too close to the Sun. To complete the X-ray light curve, shown in
Fig. 2a, we processed archival data to add daily RXTEmeasurements
in early 1997. To show the connection between the radio and X-ray
emission, we display in Fig. 2 the dates of superluminal ejections as
well as the variation with time of the X-ray spectral index aE, total
flux density at three radio frequencies, and flux density of the core at
43GHz (from the images). Each superluminal ejection (with the
possible exception of event t) coincides with the onset of an increase
in flux density in at least one of the radio light curves.
We designed our RXTE programme to search for X-ray dips. In

order to define such events, we first divide the data into two
segments: (A), early 1997; and (B), the remainder. (The Mann–
Whitney test12 indicates that the X-ray fluxes from the two sections

are not drawn from the same distribution, with 1.5% significance.)
We identify dips as intervals when > 4 consecutive fluxes lie more
than 1j from the mean of the relevant segment of data. We thus
identify four dips in the X-ray light curve, denoted in red in Fig. 2a,
b.

The Shapiro–Wilk13 test shows that the distribution of fluxes
from segment B is consistent with a gaussian distribution. However,
this is not the case for segment Aunless the outliers (the first dip and
the apparent flare near the start of 1997) are removed. In order to
test the statistical significance of an observed event consisting of n
flux measurements in a data set containing N values, we calculate
the probability P(n,N,Fd) that n consecutive fluxes would fall below
a level Fd by random chance, where Fd is the highest point in each
dip. We determine the probability p(F < Fd) from the best-fit
gaussian curve for segment B and by rank-order (the ith lowest
flux out of 52 data points has p ¼ i/52) for segment A. A recursion
formula14 gives P(n,N,F d) ¼ 0.011, 1.2 £ 1023, 0.010 and
1.8 £ 1025 for the four events. Each event is therefore only very
rarely expected to occur by random chance. The significance of each
dip is further supported by flattening of the X-ray spectrum (see
Fig. 2b), as occurs also in the case of the microquasar GRS
1915þ105 (ref. 15).

It is apparent from Fig. 2 that each X-ray dip is followed shortly
by the appearance of a superluminal knot at the site of the radio
core. The latter occurred at the following epochs, obtained by a
straight line fit to the separation-from-core versus time dependence
for each knot: 1997.25 ^ 0.04, 1998.08 ^ 0.03, 1999.27 ^ 0.03,
and 1999.70 ^ 0.02. To estimate the probability that the X-ray
dips and superluminal ejections are associated by random chance,
we consider that there are about two years of X-ray data and a,0.2-
yr window within which we would consider the events to be related.
The probability of any single radio event occurring randomly less
than 0.2 yr after a particular X-ray event is thus about 0.1. There are
four events of each type, so the probability of all four radio and X-
ray events being close in time by chance is thus about
4!(0.1)4 < 0.2%. We therefore reject the null hypothesis.

Themean time delay between the minimum in the X-ray flux and
the time of ejection is 0.10 ^ 0.03 yr. At a typical superluminal
apparent speed of 4.7c, a knot moves a distance of 0.14 parsecs (pc)
in 0.10 yr, projected on the plane of the sky. If we adopt an angle of
the jet to the line of sight of 208 (the maximum allowed given the
apparent velocity6; this minimizes the de-projected distance), the
actual distance travelled is 0.41 pc. However, it may be the case that
the jet starts as a broad wind that accelerates and becomes increas-
ingly focused until it reaches the radio core16–18, in which case we
calculate that a correction factor of around 0.8 must be applied. We
therefore derive a minimum distance of 0.3 pc from the X-ray
source to the core of the radio jet. This corresponds to a projected
angular displacement of 0.16milliarcseconds (mas) eastward of the
core in the images of Fig. 1. We note that the core of the radio jet is
not coincident with the black hole, as has been assumed18 in the case
of the radio galaxy M87. Rather, it might be where the jet flow
reaches its asymptotic relativistic velocity16 or the site of standing
shocks that accelerate electrons to ultrahigh energies5,19. This result
implies that the jet might be essentially invisible between its site of
origin near the black hole3 and the radio core far downstreamwhere
its plasma is re-energized.

The correlated X-ray and radio behaviour of 3C120 is similar to
that of themicroquasar GRS1915þ105: X-ray dips during which the
spectrum hardens, each followed by the ejection of a bright super-
luminal radio knot. This phenomenon has been interpreted1,4 as
resulting from an instability in the accreting flow causing a piece of
the inner disk to break off. Part of this matter is drawn into the event
horizon of the black hole but with considerable matter and energy
ejected down the jet. The loss of some of the inner disk causes a drop
in the soft X-ray flux, which is observed as a dip plus hardening of
the spectrum. The hard X-ray flux, presumably the product of

Figure 2 Time dependence of the X-ray and radio emission of 3C120. a, X-ray light curve
in photon counts per second per detector; for many data points, the error bars are smaller

than the symbols. For each observation, we determined the X-ray flux in photon counts

per second over the energy range 2.4 to 20 keV by subtracting an X-ray background

model (supplied by the RXTE Guest Observer Facility) from the raw spectrum, using the

standard X-ray data analysis software package FTOOLS. We fitted the photon spectrum

(observed flux F obs versus energy E ) with a model consisting of a power-law intrinsic

spectrum, F / E 2a, plus photoelectric absorption along the line of sight (the latter is not

very important at these energies) using the program XSPEC. Red data points correspond

to events that we identify as dips (in a and b), and the green dotted lines delineate^1j of

the mean of each segment of data. Times of ejections of superluminal radio knots are

indicated by upward blue arrows, with the horizontal crossbar giving the uncertainty and

the labels l, o, t and u corresponding to the features marked in Fig. 1. b, X-ray ‘energy’
spectral indexaE , where2aE ¼ a 2 1 is the exponent of the power-law dependence of

flux density on frequency. c, Radio light curves at 14.5 GHz (green triangles) (University of
Michigan Radio Astronomy Observatory); 22 GHz (red circles) and 37 GHz (blue circles)

(Metsähovi Radio Observatory); and 43 GHz (core only, black squares) (VLBA). Ref. 6 and

this work.

letters to nature

NATURE |VOL 417 | 6 JUNE 2002 | www.nature.com/nature626 © 2002        Nature  Publishing Group

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	







ACCRETION/EJECTION COUPLING 

X-ray Luminosity (LEdd)
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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 
à 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		
à	same	radio	and	X-ray	spectral	slope	

Raginski	&	Laor	(2016)	

THE SKA – ATHENA SYNERGY ON AGN 


