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Awarded funds

FERMI (personnel) 

PRIN SKA-CTA (personnel + travels) 

ASI 2 accepted proposal on AGN (personnel + travels) 

AHEAD Horizon2020 (travels+hardware/software) 

NuSTAR (NARO)
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Teaching 

• High-energy Astrophysics Laboratory @OAS in collaboration with DIFA (C. 
Vignali) 

• High-energy Astrophysics Laboratory @FUDAN University Shanghai 

• Master Degree students: on average 1-3/yr  

• Ph.D. Students: on average 1/yr
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…since I’m not (we are not) so 
imaginative…  

AGN

Radio LoudRadio Quiet
Elena Bertola 
Marcella Brusa 
Massimo Cappi 

Andrea Comastri 
Debora Costanzo 

Mauro Dadina 
Roberto Gilli 

Giorgio Lanzuisi 
Claudio Sandona’ 
Cristian Vignali

Andrea Bulgarelli 
Paola Grandi 

Eleonora Torresi 
Bia Boccardi 

Duccio Macconi 
Cristian Vignali

strong contamination

In red, MA4 permanent staff working on AGN: critical  
issue, no new “permanent” in AGN MA4 at OAS in the last 10 years
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Radio Quiet AGN astrophysics (subparsec scale)

accretion

outflows

Accretion: geometry and physical properties of the matter into the accretion flow 

X-rays: production mechanism

Outflows: geometry and physical properties of the outflows; launching mechanism
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The richness of X-ray spectra Continuum: 
Emission Mechanism

Accretion flowReflection: Accretion flow

Warm absorber 
Winds?

Soft excess: 
Accretion flow? 

Winds?Winds?

Radio Quiet AGN astrophysics (subparsec scale)
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Radio Quiet AGN astrophysics (in broad perspective)

Star formation history (Madau & Dickinson 2014)
BH accretion history from X-rays (Shankar+ 2009)
BH accretion history from X-rays (Aird+ 2010)
BH accretion history from IR (Dalvecchio+ 2014)

McConnell & Ma (2013)

SMBH and host galaxy know each other… feedback? AGN drive winds?
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X-ray photons are relatively “few” (but see gamma )…  
so two phases strategy: 

1) acquire a good knowledge of the 
properties of the flows around SMBH 
taking advantage of good quality X-ray 
data 

Low-z -> bright Seyfert galaxies 
a) Deep spectral analysis 
b) Timing analysis 
c) Time resolved spectral analysis 
d) Broad band and multi-lambda 

monitoring  
   

Data: 

- Accepted campaigns (XMM-Newton 
LPs) on Mrk509, NGC5548, NGC7469, 

NGC 4593 (XMM-Newton, Swift, HST, 
Integral, NuSTAR…) 

- Accepted programs (XMM-Newton, 
NuSTAR) 

- Archive (XMM-Newton, NuSTAR) 

2) test if and how what seen in nearby 
Universe holds, at high-z (where 
feedback mechanism had to act to 
explain the SMBH<->Bulges relations 
seen today) 
  
High-z QSOs ->lensed QSO, bright QSO 
a) Spectral analysis 
b) Time resolved spectral analysis 

Data: 

- Accepted XMM-Newton LPs (PI 
Cappi) on bright QSOs 

- Accepted XMM-Newton (PI Dadina) 
and NuSTAR+XMM-Newton (PI 
Lanzuisi) on lensed QSO 

- XMM_newton heritage program (PI 
Brusa) 

- Archives 
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Investigating the emission mechanisms and accretion flow (in high-z QSO)
z=2.05 QSO PG1247+267  

NuSTAR+XMM-Newton data (Lanzuisi+2016)E(keV)1.                                      10.        20

z=3.62 lensed QSO B1422+321  

XMM-Newton data (Dadina+2016) 
XMM-Newton+NuSTAR data Lanzuisi+ in preparation 

Test of the two 
phase scenario 

Lanzuisi et al. in 
prep.
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Investigating the origin of the “soft excess”

Monitoring of Mrk 509  
(Mehdipour+2011)

Różańska+2015

Warm 
Comptonization?

optical  
emission

Soft 
Excess
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Testing this scenario using 22 nearby Seyfert without absorption and with  
available optical data

Petrucci+2018

Data consistent with the presence  
of warm corona
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Testing winds and outflows in nearby AGNs: the case on NGC 5548

Cappi+2016 
Ursini+2015 Kaastra+ 2014

Arav+2015

Seyefert galaxy have 
been observed to switch 
from type I to type II in 
X-rays 

Va r i a b l e a b s d o r b e r  
observed also in optcal-
UV 

Structurated wind!
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Where do  these winds originate? Serching for UFOs in nearby AGN…

~40% of nearby Seyferts display signatures of  
Highly ionised ultra-fast (0.1-0.4c) outflows  
(Tombesi+2010,2011,2013) 

Time

Costanzo+ in prep.

Mrk 509

Time-resolved spectral analysis

UFOs are detectable as variable absorption  
features at E~7.0-10 keV due to highly ionised Iron

UFOs Lkin may be larger than ~0.05Lbol  thus they can  
significantly impact on the star formation rate of 
the host galaxy (King & Pounds 2014)
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What about high-z where they had to act to install feedback with their hosts? 
Chartas+2014                     HS0810+2554 (z=1.51)

Dadina+2018                     MG J0414+0534 (z=2.64)

Near future: 
1) XMM-Newton LP on non lensed QSOs (PI Cappi) 
2) proprietary XMM-Newton data on other lensed QSOs (PI 

Chartas, Dadina)  
3) XMM-Newton Legacy program on bright QSO (PI Brusa)

Distant QSO display UFO signatures with  
observed Lkin>0.05Lbol
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Heritage 

BeppoSAX

XMM-Newton
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Future perspectives

Jaxa led mission; launch in ~2021 - Microcalorimeters for IFU spectrometers in X-
rays DeltaE~5-7 eV

…and for the high-z Universe, I think that the coupling of the eRosita survey and the 
XMM-Newton collecting area will give us some interesting results while waiting for 
Athena….

Launch 2030 
See Cappi’s 

Talk
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Radio-Loud AGN 
from X-rays to TeV

OAS Days 17.12.2018



Radio galaxy

TeV

Central Engine: 
• X-ray study of the nuclear regions (accretion processes);  
• X-ray variability (temporal and spectral) study; 
• Comparison of the X-ray properties of RL AGN at different inclination angles. 

Non-thermal extended structures (jets and lobes): 
• Search for gamma-ray counterparts of RL sources; 
• Localization of the gamma-ray dissipation zone; 
• Spectral Energy Distribution modeling (leptonic models). 

Feedback: 
• Study of the circum-nuclear environment properties through high-res X-ray spectroscopy; 
• Study of the physical properties of the photoionized gas in emission and absorption; 
• Warm absorber energetics and comparison with RQ AGN.



Circum-nuclear environment of radio galaxies

First detection of a 
warm absorber in radio 
galaxies with the RGS 
(Torresi, Grandi et al. 2009, 
2010, 2012)

The kinetic luminosity 
r e l a t e d t o t h e s e 
outflows is always a 
n e g l i g i b l e f r a c t i o n 
(<<1%) of both the 
bolometric luminosity 
and the jet k inet ic 
power. 

Soft excess: NO jet but photoionized gas!

3C 33 3C 445

Torresi et al. 2009 Grandi et al. 2007

Emission

Absorption

3C 390.3

X-ra
ys



Exploring the radio morphology-accretion mode link in AGN 

Jy mJy

FR I <—> LERG 
FR II <—> HERG still valid?

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

The nuclei of FR I are not generally 
absorbed and probably powered by 
inefficient accretion flows (low-
excitation radio galaxies).

The jets in FR II are at least 
moderately relativistic  and 
supersonic from the core to 

the hot spots. 

Most FR II are thought to have 
an efficient engine and a dusty 

torus (high-excitation radio 
galaxies).

SD
SS

/N
VS

S/
FI

R
ST

X-ra
ys

Capetti+2017ab
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Jy mJy

Master Thesis of  
Duccio Macconi

FR I <—> LERG 
FR II <—> HERG still valid?

SD
SS

/N
VS

S/
FI

R
ST

X-ra
ys Exploring the radio morphology-accretion mode link in AGN 
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Jy mJy

Master Thesis of  
Duccio Macconi

FR I <—> LERG 
FR II <—> HERG still valid?FR II HERG

FR II LERG
FR I LERG

X-ra
ys Exploring the radio morphology-accretion mode link in AGN 



Bando ASI 
Accordo attuativo ASI-INAF n. 2017-14-H.0 

(PI. E. Torresi)
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FR I <—> LERG 
FR II <—> HERG still valid?

Exploring the radio morphology-accretion mode link in AGN 
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ys
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Jy mJy

Master Thesis of  
Duccio Macconi

FR I <—> LERG 
FR II <—> HERG still valid?

Bando ASI 
Accordo attuativo ASI-INAF n. 2017-14-H.0 

(PI. E. Torresi)Grandi, Torresi, et al. in prep.

X-ra
ys Exploring the radio morphology-accretion mode link in AGN 



FR 0 radio galaxies

OAS Days 17.12.2018

FR 0 are compact sources and lack extended radio emission

 FR 0 represent the bulk of the Radio-Loud AGN population in the local Universe (the number 
density of the FR0Cat sources is ~5 times higher than that of FR I Baldi et al. 2017)

From the optical point of view they share similar nuclear and host properties with FR I  
       - host galaxy; 
       - black hole masses (MBH>108M☉)    
       - spectroscopic classification (LEG)

SDSS/NVSS/FIRST

JVLA

X-rays

 FR 0 and FR I are similar also in the 
X-ray band:  L2-10 keV=1040-1043 erg/s 
 Inefficient accretion processes 
(ADAF-like): Ldot=10-3-10-5 

 Non-thermal origin (jet) for the X-
ray radiation, as suggested by the 
radio-X correlation (as in FR I) 
 Study of the environment (in 
collaboration with M. Gitti)     …in 
progress…

Torresi, Grandi et al. 2018
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Tol1326-379

Gamma-ray counterpart of a FR 0

Grandi, Capetti & Baldi 2016



GeV & TeV studies

OAS Days 17.12.2018

 Fermi-LAT results and ongoing work  
 CTA perspectives



Fermi has given a great contribution to the discovery  
of radio galaxies as GeV emitters  

(only 3 RG previously detected by EGRET!)
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Ferm
i-L

AT

Abdo et al. 2010

Radio galaxies 
are a de-boosted 
version of blazars

Generally faint  
F(>0.1 GeV)~10-8 ph cm-2 s-1 
and steep Gamma>2.4

Different detection rate between FR I  
and FRII

D i f f e r e n t j e t 
structure in FR I 
and FR II (spine-
layer scenario)



Localisation of the gamma-ray emitting region:  
clear link between expulsion of a radio knot from the core and the 

gamma-ray flare

08/2008

11/2008

12/2008

Size of the gamma-ray emitting region R≲0.1 pc. 
Distance of the emitting zone from the BH ∼0.3 pc

3C 111

Grandi, Torresi & Stanghellini 2012

VLBA 43 GHz

bin=60d

Ferm
i-L

AT

}



https://hangar.iasfbo.inaf.it/tango/index.html
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Towards the CTA

CTA is expected to increase our 
ability in revealing radio galaxies in 
the TeV sky, thanks to an order of 
magnitude improvement in 
sensitivity w.r.t. current IACTs.

Large Size Telescope (LST) : 20-200 GeV

Medium Size Telescope (MST) : 0.1-10 TeV

Small Size Telescope (SST) : up to 300 TeVCTA will operate as an observatory

CTA will be the largest ground-
based gamma- ray detec t ion 
observatory in the world, with more 
than 100 telescopes in the northern 
and southern hemispheres

  Optimization of observation strategies for Radio-Loud AGN 
 Top Level Use Cases (to define the software architecture) 

  Scientific cases for the Real Time Analysis
A. Bulgarelli’s talk

@OAS



Radio galaxies with CTA

Γ3FHL F10 GeV-2 TeV
* ΓTeV F>100 GeV

*M87 (z=0.004)

Cen A (z=0.00183)

NGC 1275 (z=0.017559)

IC 310 (z=0.0189)

http://tevcat.uchicago.edu/

http://www.asdc.asi.it/tgevcat/

http://tevcat.uchicago.edu
http://www.asdc.asi.it/tgevcat/


Sources with ΓFermi≤2.1  can 
be easily revealed for 1-100 
GeV fluxes down to 
10-10 ph cm-2 s-1. 
As the slope steepens 
larger fluxes are required to 
overcome the sensitivity 
threshold of the array.

Given a Fermi-LAT flux and spectral slope in the 1-100 GeV energy range 
it is possible to estimate if the Fermi AGN will be detectable by CTA

PKS 0625-35

3C 264

Te
V



Angioni et al. 2017

PKS 0625-35

PKS 0625-35

50h simulation

Better quality of the spectrum  will be crucial 
to distinguish between different emission 
models to explain the VHE radiation.



3C 264 detected in March 2018! 

3C 264

Proposal MAGIC ongoing 
(PI. R. Angioni)

Boccardi, Migliori, Grandi, Torresi, Vignali, et al. in prep.
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Future perspectives


