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Abstract: <span>Accreting supermassive black holes in the centres of galaxies (i.e. Active Galactic Nuclel - AGN) are now known to play a
prominent role in the growth of galaxies through cosmic time. The fundamental parameters to explain the whole range of observed properties of
these accreting systems, however, is still elusive. We will present some results from multi-wavelength investigations of the nature of accreting
supermassive black holes, including those that produce low kinetic power jets as well as high kinetic power, relativistic jets.</span>
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iSchoedel+2003, Ghez+2005!.

Hatu peak, Narkanda, Himachal Pradesh, India Ajay Talwar & Pankaj Sharma
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Black Hole & Galaxy must co-evolve

Thin disk: stars/gas
Thick disk: stars

Halo: stars
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Black Hole & Galaxy must co-evolve

Thin disk: stars/gas
Thick disk: stars

Halo: stars

Globular clusters
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.

SDSS

Radio image

Infra-red

Gallimore 1997
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Komossa+ 2003

v (NASA)
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Komossa+ 2003

(| e vy '8l sPFuAAtary 1A A
its: Chandra X ray Jopservatory (NASA)
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Komossa+ 2003
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di Matteo+ 2005

1.6 Gyr 2.5 Gyr

colour=> temperature; brightness => density

Results consistent with correlation between Mgy & Mpulge
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All substantially accreting supermassive black holes produce
bipolar synchrotron emitting outflows

SDSS
NGC1068 Radio image

Infra-red

Gallimore 1997
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All substantially accreting supermassive black holes produce
bipolar synchrotron emitting outflows

SDSS
Radio image

Infra-red

Gallimore 1997
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NGC 767a
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in most cases: weak quenched jets

Radio image

Infra-red

Gallimore 1997
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Radio “Loud”: high 'kineticipower bulk-relativistic jets
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Radio “Loud”: high 'kinetic_power bulk-relativistic jets
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Credit: JODRELL BANKISCUNCE PHOTQ LIBRAR)

high kinetic’power
bulk-relativistic jets:
Radio “Loud”:
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low kinetic power jets: accompanied by winds
e

Gallimore 1997

T

»mildly relativistic jets? es.
o[n spiral galaxy hosts?  maybe
»Black hole not spinning?  NO.

»Highly relativistic jets?
o[n elliptical galaxy hosts?
»Black hole spinning?:

—p

high kinetic power bulk-relativistic jets
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WE KNOW there are outflows:
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- Gabel+ 2003
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Shastri+ 2006

accelerated to 1000 km/s
50pc from nucleus
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VLA: 330MHz

Gitti+ 2012
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Shastri+ 2006

accelerated to 1000 km/s
50pc from nucleus
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3C272.1
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3C272.1
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Doppler Factor &8 = {y(1-B cos 6)}
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MOJAVE, 2nd Fermi LAT catalogue (2FGL)
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Relative Flux Density, f,

1600 2000

Wavelength, X (1)
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Gamma Luminosity in different energy bands £ 14(;' L.
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(Gamma Iy ] (Gamma luminosity)

max:mum Bapparem‘ 'Gamma LumanSIfy d/fferent energy bands

Gamma luminosity g (Gamma luminosity)
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MOJAVE: Kharb+ 2010

Core Radio Flux density & Luminosity
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MOJAVE, 2nd Fermi LAT catalogue (2FGL)

Bapparent
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Gamma Spec Index
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Bapparent

ﬁapparent =Gamma Photon Index

Gamma Photon Index
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Bapparent

Eapparent =Gamma Photon Index

Gamma Photon Index
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Need a measure of angle of inclination:
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Nilsson+ 2003
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Intrinsically similar Syl and SyZ2s: , O[lll] luminosity
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kpc-scale radio structure:
VIA 5GHz & GMRT 6|0MHz
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Gallimore 1997
VLBI at 5GHz
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kpc-scale radio structure:
VIA 5GHz & GMRT 610MHz
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Gallimore 1997
VLBI at 5GHz
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Lal Shastri Gabuzda 2011

NGC1068

Gallimore 1997
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Mrk533: Sy2
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VLBI flux density (pc-scale) / VLA (kpc-scale) flux density at 5GHz

=> no significant Doppler-boosting on the pc-scale
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Lal Shastri Gabuzda 2011

Pirsa: 14080000 Page 51/55



Number

30 40 41 42 43 44 4
38 39 40 41 42 43 44\ 45 5 |°9'—3n-mim s
10gLg5-2.0 wev Y ' ;

10

» EW Distributionl]

No. ol sources

8
6
4
2
0

19 20 21 22 23 24 25 26 ; ':b
logN,, 5

. 10 1.5 20 25 30 35
Singh, Shastri & Risaliti 2011 A

Pirsa: 14080000 Page 52/55




N

og [OII)H

"~
.y
°

&

.
.

log [O lI}H-beta

'O‘
’ ”
L
",
£
» W
]
Fal ]
2

¥

K4

.
. ar
-

0
log [N llj/H-alpha

00

NGC5427 (the

galaxy on top) 45.0 30.0 1‘3(3 3:’)‘1?? 30.0-45.0-60.0

is one of a pair —

of interacting The ratio of the [OIll}/HB (top) and NII/Ha

galaxies. (bottom) emission overlaid on the contours of
Ha emission. (Data from WiFeS). Near the
nucleus the NIl/Ha ratios are enhanced in the
inter-arm regions of the host galaxy, away
from the prominent HIl regions (Dopital et al
2014, A&A2014, 566,41)
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NGC613: WiFeS

Our WiFeS image of NGC613: the Ha + NIl emission (yellow) and the [Olll]
emission overlaid. The direction of elongation of the radio structure (contour
map on the right) matches the elongation of the [Olll] emission.
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