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Supermassive ≡   mass > 106  Msun



Supermassive ≡   mass > 106  Msun

Accreting Supermassive black holes = Active Galactic Nuclei



Seyfert Galaxy NGC 5548 versus normal galaxy NGC 3277

http://www.astr.ua.edu

Seyfert Galaxy NGC 5548 (left) versus normal galaxy NGC 3277 (Right): Notice the diffraction spikes in the NGC5548 image from the brightt point source that is the AGN

http://www.astr.ua.edu








Starquasar





Spectral Energy Distribution (SED)



Shang+ 2011

Spectral Energy Distribution (SED)
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Spectral Energy Distribution (SED)



3c273





NGC1068

Gallimore 1997

Radio image
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Infra-red

NGC1068

Gallimore 1997

Radio image
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Radio “Loud”:  high kinetic power bulk-relativistic jets



3C296
3C35

3C272.1

3C47

WE KNOW  there are outflows:



Credit: JODRELL BANK/SCIENCE PHOTO LIBRARY

high kinetic power  
bulk-relativistic jets:  
Radio “Loud”:  

http://www.sciencephoto.com/search?subtype=contributors&searchstring=JOD&media_type=images


Gabel+ 2003

NGC3783



Gabel+ 2003

NGC3783

NED



Shastri+ 2006

Momjian+ 2003

Evidence for accelerated outflo
w

accelerated to 1000 km/s  
50pc from nucleus



Gallimore 1997

•mildly relativistic jets?              Yes
•In spiral galaxy hosts?     maybe
•Black hole not spinning?      NO

•Highly relativistic jets?                   Yes
•In elliptical galaxy hosts?          Maybe
•Black hole spinning?                     YES

low kinetic power jets: accompanied by winds

high kinetic power bulk-relativistic jets



The Hubble Ultra Deep Field



Ajay Talwar & Pankaj SharmaHatu peak, Narkanda, Himachal Pradesh, India 



Ajay Talwar & Pankaj SharmaHatu peak, Narkanda, Himachal Pradesh, India 

Schoedel+2003,   Ghez+2005
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Ajay Talwar & Pankaj SharmaHatu peak, Narkanda, Himachal Pradesh, India 

Schoedel+2003,   Ghez+2005

Black Hole Mass = 4 x 106  Msun



Andromeda



Andromeda



McConnell+ 2013



McConnell+ 2013

Black Hole & Galaxy must co-evolve 





Black Hole & Galaxy must co-evolve 



Supermassive Black Hole

Black Hole & Galaxy must co-evolve 



Woo+ 2013



Woo+ 2013

The AGN is a phase (or more) in every? galaxy 







Hubble Heritage



Hubble Heritage



Credits: Chandra X-ray Observatory (NASA)

Komossa+ 2003
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Credits: Chandra X-ray Observatory (NASA)

Komossa+ 2003



Hudson+ 2006
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di Matteo+ 2005

colour=> temperature; brightness => density

Results consistent with correlation between MBH & Mbulge



Gallimore 1997

low kinetic power jets: accompanied by winds

high kinetic power bulk-relativistic jets

Wind mode of feedback
high kinetic power mode of feedback



Gitti+ 2012

MS 0735 + 7421
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VLA: 330MHz
+Chandra



3C272 3C47

3C449 3C438

Bernie Fanaroff & Julia Riley’s Discovery of 1974



 Low radio luminosity
 Plume-like jets 
 Jets fade with distance from core

The Systematic  differences between
 the two Fanaroff-Riley types

FR Type 1 FR Type 1I

Mass of blackhole?     Spin of blackhole?   
Environment?  Evolution? 

 High radio luminosity
 Narrow collimated  jets 
 Jets have terminal hotspots 

FR Type II



Owen Ledlow Plot: 



Owen Ledlow Plot: 

Bicknell 1998: 
High galaxy luminosity => High mass
Only powerful jets can 
retain their thrust 
through the ISM 
and remain supersonic 



Owen Ledlow Plot: 

Scaling relations!
mass of the black hole?



 Low radio luminosity
 Plume-like jets 
 Jets fade with distance from core
 tend to occur in clusters of galaxies
 Weak emission lines
 Dust in extended discs

The Systematic  differences between
 the two Fanaroff-Riley types

FR Type 1 FR Type 1I

Mass of blackhole?     Spin of blackhole?   
Environment?  Evolution? 

 High radio luminosity
 Narrow collimated  jets 
 Jets have terminal hotspots 
tend to not be in rich environments 
Strong  emission lines
 Dust with varied morphology

FR Type II



 Low radio luminosity
 Plume-like jets 
 Jets fade with distance from core
 Weak emission lines
 Dust in extended discs

The Systematic  differences between
 the two Fanaroff-Riley types

FR Type 1 FR Type 1I

Gopal Krishna & Wiita 2000:
Galaxies with Hybrid Fanaroff-Riley Morphology:

  => Environment!

 High radio luminosity
 Narrow collimated  jets 
 Jets have terminal hotspots 
 Strong  emission lines
 Dust with varied morphology

FR Type II



3C296 3C35

3C272.1

3C47



Type 1 Type 2

Type 2



Type 1 Type 2

Type 2



Obscuration



Quasar

BL Lac

Type 1I

Lu
m

in
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ity FR I

FR II

relativistically beamed

relativistically beamed
+ unobscured

Type 1

Strawperson scheme



 Low radio luminosity
 Plume-like jets 
 Jets fade with distance from core
 Weak emission lines
 Dust in extended discs
Nuclear polarisation detection rate high

The Systematic  differences between
 the two Fanaroff-Riley types

FR Type 1 FR Type 1I

Kharb, Shastri 2004;  Kharb Shastri Gabuzda : 
tied in with results of Gabuzda+ and others for the beamed AGN

 High radio luminosity
 Narrow collimated  jets 
 Jets have terminal hotspots 
 Strong  emission lines
 Dust with varied morphology
Nuclear polarisation detection rate low

FR Type II



 Low radio luminosity
 Plume-like jets 
 Jets fade with distance from core
 Weak emission lines
 Dust in extended discs
Nuclear polarisation detection rate high

The Systematic  differences between
 the two Fanaroff-Riley types

FR Type 1 FR Type 1I

Browne & Battye 2011: parallel minor axis for the weaker FRIs;
Saripalli Subrahmanyam 2009: giant radio galaxies: 

minor axis parallel to radio axis

 High radio luminosity
 Narrow collimated  jets 
 Jets have terminal hotspots 
 Strong  emission lines
 Dust with varied morphology
Nuclear polarisation detection rate low

FR Type II



 Low radio luminosity
 Plume-like jets 
 Jets fade with distance from core
 Weak emission lines?
 Dust in extended discs
Nuclear radio polarisation detection rate high
 Dust <250pc, small masses, normal to 
radio axis

The Systematic  differences between
 the two Fanaroff-Riley types

FR Type 1 FR Type 1I

Difference in feeding?  Impulsive feeding vs steady feeding?
(e.g. Baum+1992, Saripalli 2012)

 High radio luminosity
 Narrow collimated  jets 
 Jets have terminal hotspots 
 Strong  emission lines?
 Dust with varied morphology
detection rate low
 Dust >250pc, large masses, no relation
to radio axis

FR Type II



Galaxy

Quasar

BL Lac

Type 1Type 1I
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Seyferts

Quasars

FR I

FR II

Inclination Inclination

NGC 4395 Active Galaxies: Strawperson Scheme
Radio Quiet Radio Loud

Find FRII
galaxy in 
DRAGN 
list so that 
it has same 



Contrary!

Simonescu: 
Serendipitous discovery of an extended X-ray jet without a 
radio counterpart in a high-redshift quasar

Bagchi: 
Megaparsec Relativistic Jets Launched from an Accreting 
Supermassive Black Hole in an Extreme Spiral Galaxy

Singh: 
Kiloparsec-scale radio emission in Seyfert and LINER 
galaxies





Thank you!


