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Radio and X-ray emission in AGN
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Correlation Between Black Hole Mass
and Bulge Mass
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ALL galaxies host a super-massive black hole. They are “active” only for short
periods of time

The black hole appears to regulate the evolution of its host galaxy

The Milky Way itself hosts an extraordinarily dim, super-massive black hole at
its center: Sagittarius A*



In the local Universe

Luminous AGN : ~ 1% of all galaxies

Low Luminosity AGN : ~40% of all galaxies

Dormant BH: 60% of all galaxies

o Ho (2008) — “Nuclear Activity in Nearby Galaxies”



Ingredients for standard bright AGN
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To explain emission across such a vast range of energy, one needs a combination of:

« Accretion disk (multiple black-bodies) + hot corona of electrons (comptonization)
« Relativistic particle acceleration (jets) - in 10% of AGN

«® Dust (at 50K), heated by the radiation from the accretion disc s



How does this picture change for 40% of AGN?

Narrow Line
Region

Broad Line

Obscuring
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Ubiquitous jet?
= (Nagar et al. 2002)

Inefficient
accretion flow
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Lack of UV photons,

No radiation pressure to sustain
the BLR

(Nicastro 2000)

Receeding torus

(e.g., Elitzur et al. 2008)



Jets and accretion regimes in XRBs

Yery High State

High State
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Low State
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Koerding et al. (2006)
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Jet active " :

Intensity

IMS = Intermediate State
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Unification in XRBs is about different accretion regimes
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FR 2 radio sources
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Seyfert galaxies

Unification in AGN
is about :

orientation

time scales

Seyfert 1
different accretion regimes

Seyfert 1.5-1.9
galaxy evolutionary phase

Seyfert 2

aspect angle
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Jet-disk coupling in AGN
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L Jet domination - disk domination
Dis
o Jet

hard-state / .*°

l ! soft-state

</ (A/C)DAF + Jet
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Kording, Falcke, & Markoff (2002);
see also Fender, Gallo, & Jonker (2003)

Low-state (ADAF+jet):

* Sgr A*

* Nearby Giant Ellipticals
« LINERs

* FRI sources

« LLAGN

 BL Lacs

* Some LL Seyferts

« XBONGs



The X-ray versus Radio
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The X-ray versus Radio
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Jet-disk coupling in AGN: radio vs X-rays

Zdziarski et al. 2011
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- X-ray flux due to Comptonization emission indicates
that the radio jet is launched by the hot electrons in the accretion flow in all

spectral states of Cyg X-1



Jet-disk coupling in XRBs
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Black hole unification

Merloni, Heinz, Di Matteo, 2003
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Log LR (ergs 3'1)

Jet-disk coupling in LLAGN

46

44t

42

40}

30

+ Average NGC 7213

e MHdMO03 AGN Sample
x FGR10 XRB Sample

X-ray Eddington ratio of 7 x 107 L,y

20 22 24 26 28 30
0.6 Log LX +0.78 Log M

32

34

36

Log LR (ergs s"1)

39.5

39

38.5

+NGC 7213
e MHdMO03 AGN Sample
A NGC 7213 Archival .

38
30.9

312 313 314 315 316 31.7 31.8
0.6 Log LX+0.78 Log M

31 31.1

Bell et al. (2011)




Origin of radio emission in LLAGN

Possible physical mechanisms in Radio-Quiet:

v’ Synchrotron emission from a jet:

v Relativistic? Sub-relativistic? Weak jet?
Outflow?

v’ Free-free emission from a molecular torus or
corona?

v ADAF? CDAF? RIAF? ...



Kilo-pc scale Jets in local RQ AGN

Gallimore et al. 2006
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44% (19 out of 43) show extended radio structures at least 1 kpc in total
extent that do not match the morphology of the disk or its associated star-
forming regions =2 AGN jets



NGC4151 D = 20 Mpc
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NVSS - up to tens of kpc

VLA - tens of pc up to kpc scales
VLBI - < 0.1 pc




Radio core at different frequencies

Hada et al. 2012, Nature (vs > va > vg > vy > vi)

M app ing the inner j et in M8 7 Central bla;k hole and accretion flow

Estimate of the core shift because of

V1

different optical depths:

SMBH is at 14-23 R, from the 43 GHz core

re(vo)

re(v)

e q T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII T LI
VLBI '
i,
§ ; 10
, -
4 1) S
I!z 0 2 4 I ) -10 g
Right Ascension Offsets (mas) _._C_‘ 10 ol
S
=
©
SMBH is at 5.5 R, from the 1.3 mm core
10'F Lensed ISCO a=0 =
1.3 mm VLBI measured size
—I 1 1 IIIIIII IIIII IIIII 1 IIIII 1 11
1 10! 102 108 104

Doeleman et al. 2013, Science Apparent core distance (Rg.,)



I I T L T T T T
0004 —

03— —
02— 5 —
>
(I . —
00 [~
-0001 - *

02—

B

03— 7 A= -
.

04— -

05 — [~ —

. .
e 1 1 A 1 la | [N
024300 4255 50 =@

45 40 35 30
RIGHT ASCENSION (J2000)

MERLIN 5 GHz VLBA 5 GHz

NGC 1068

Gallimore et al. 2004

X-ray source

we
\\‘v-:‘ &

VLBA emission consistent
lonized Disk / Wind . 0 5
T with free-free emission from
the hot X-ray corona

Radio Jet




....at low luminosities
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Are sub-pc radio cores ubiquitous

At 20 cm (1.4 GHz):

e NVSS: 26/28 (93%)
o VLA :18/28 (64%)
e VLBI: 12/21 (57%) *  RQ nuclei are less ubiquitous at VLBI

spatial scale resolution

Lower detection rate with respect to VLA

At 6 cm (b GHz):
e VLA :23/28 (82%)
e VLBI: 13/21 (62%)

0.5ly

.
= . . —_——
vz N . —_ e BV
NaSEs——— N

/ Water maser detection rate of 26%
i - compared to 7% of maser surveys
(Braatz et al. 1997)

10,000 ly




Radio versus X-rays correlation
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No significant correlation at VLBI sub-pc scales

Panessa & Giroletti 2013 MNRAS/arXiv:1304.0794
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Resolved radio emission at sub-pc scales
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DECLINATION (J2000)

NGC 5273
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VLA flux of 0.6 m]y

VLBI non detection!!!

(3 0 peak <90 micro]y at 1.6 GHz)

- 95 % of the VLA flux resolved at
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- significant variability
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Resolved radio emission or variable radio source?

Giroletti & Panessa 2009, Ap]JL o
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....at high luminosities



Hard X-ray selected INTEGRAL AGN Complete sample

~ 88 Seyfert galaxy

complete sample
between 20-40 keV
(Malizia et al. 2009 MNRAS)
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. Hard X-ray selected sample of luminous AGN:
-> INTEGRAL 20-100 keV (Malizia et al 2009)
-> 2-10 keV X—ray data (Malizia et al. + literature)

-> NVSS radio data (Maiorano et al. in prep) 3
o Unbiased«wiew!!

m




Scaling Relations: L4, versus Ly,
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Fundamental plane for BH activity
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-> Large scatter, INTEGRAL AGN sample the high Eddington accretion regime
- more radio with respect to that expected from the Fundamental Plane



INTEGRAL AGN 22 GHz water maser survey

NGC 4258 051y . .
o ———w=—=—— ¥ Water maser emission
\ e traces a disk, a jet or outflow
v

Tarchi et al 2011

10,000 ly

The discovery of a water mega-maser in
IGR J16385-2057:

8
2
i
a -

- it is a NLSy1 (masers are tipically found in
obscured AGN)

- it resides in an elliptical galaxy (masers
are rare in ellipticals)

16 38 40
RIGHT ASCENSION (J2000)

Water maser detection rate in the INTEGRAL sample of 17%--> Castangia et al. in preparation
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