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mass > 10° Mqun

Supermassive



Accreting Supermassive black holes = Active Galactic Nuclei

Supermassive= mass > 10° Mgun



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

-

HST’s 100,000th Obse;'vation HST - WFPC2

PRC96-25 - ST Scl OPO - July 10, 1996 - C. Steidel (CalTech), NASA



el

HST’s 100,000th Obse?vation HST - WFPC2

PRC96-25 - ST Scl OPO - July 10, 1996 - C. Steidel (CalTech), NASA



HST’s 100,000th Obse;vation HST - WFPC2

PRC96-25 - ST Scl OPO - July 10, 1996 - C. Steidel (CalTech), NASA




quasar Star

\ 7

HST’s 100,000th Obse;vation HST - WFPC2

PRC96-25 - ST Scl OPO - July 10, 1996 - C. Steidel (CalTech), NASA




WFPC2

ACS = HRC X

Quasar 3C 273
Hubble Space Telescope = ACS HRC Coronagraph

NASA, A. Martel (JHU), the ACS ScienceTeam, J. Bahcall (IAS) and ESA = STScl-PRC03-03




Spectral Energy Distribution (SED)
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Two international teams of astronomers have used the power of the
Atacama Large Millimeter/submillimeter Array (ALMA) to focus on jets from
the huge black holes at the centres of galaxies and observe how they affect
their surroundings. They have respectively obtained the best view yet of the
molecular gas around a nearby, quiet black hole and caught an unexpected
glimpse of the base of a powerful jet close to a distant black hole.

There are supermassive black holes — with masses up to several billion
solar masses — at the hearts of almost all galaxies in the Universe,
including our own galaxy, the Milky Way. In the remote past, these bizarre
objects were very active, swallowing enormous quantities of matter from
their surroundings, shining with dazzling brilliance, and expelling tiny
fractions of this matter through extremely powerful jets. In the current
Universe, most supermassive black holes are much less active than they
were in their youth, but the interplay between jets and their surroundings is
still shaping galaxy evolution.

Two new studies, both published today in the journal Astronomy &
Astrophysics, used ALMA to probe black hole jets at very different scales: a
nearby and relatively quiet black hole in the galaxy NGC 1433 and a very
distant and active object called PKS 1830-211.
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NGC 1068

Gallimore 1997
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NGC 1068

Infra-red.

Gallimore 1997




Radio “Loud”: high ?cine’tic power bulk-relativistic jets
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WE KNOW there are outflows:

It years —>

Q. P




Credit: JODRELL BANK%S(fI_I__ZN CE PHOTO LIBRARY

high kinetic’power
bulk-relativistic jets:

Radio “Loud’:

It years —>
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http://www.sciencephoto.com/search?subtype=contributors&searchstring=JOD&media_type=images
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DECLINATION (J2000)

08 46 44.6
44.5
444
44.3
44.2
44.1
44.0

23 27 56.74

56.72 56.70 56.68
RIGHT ASCENSION (J2000)

56.66

Shastri+ 2006

accelerated to 1000 km/s
50pc from nucleus




low kinetic power jets: accompanied by winds

Gallimore 1997
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Hatu peak, Narkandq, Himachal Pradesh, India
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Andromeda

Hentage Spiral Galaxy NGC 4414

NASA
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NASA and The Hubble Heritage Team (STScVAURA)
Hubble Space Telescope WFPC2 « STScl-PRCO1-26
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Spiral Galaxy NGC 4622

Spiral Galaxy NGC 4414
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NASA and The Hubble Heritage Team (STSc/AURA)
Hubble Space Telescope WFPC2  STScI-PRC01-26
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Stars/Early-type BCG
Stars/Early-type non-BCG
Stars/Late-type
Gas/Early-type BCG
Gas/Early-type non-BCG
Gas/Late-type

Masers/Early-type
Masers/Late-type
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McConnell+ 201

lCircinus

300 400




Stars/Early-t BCG
Stars/Early 10n-BCG
Stars/Late-type

Gas/Late-type

Masers/Early-type
Masers/Late-type

McConnell+ 201

C|rcmus

Black Hole & Galaxy must co-evolve



Thin disk: stars/gas
Thick disk: ': 'S \



Black Hole & Galaxy must co-evolve

Thin disk: stars/gas



Black Hole & Galaxy must co-evolve

Supermassive Black Hole

- Thin disk: stars/gas



--- % Inactive galaxies
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--- * Iinactive galaxies
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The AGN 1is a phase (or more) in every? galaxy









nteracting Galaxies « Arp 87
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nteracting Galaxies « Arp 87
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Komossa+ 2003
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Credits: Chandra X-ray Observatory (NASA)
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Credits: Chandra X-ray Observatory (NASA)



Komossa+ 2003

Credits: Chandra X-ray Observatory (NASA)



Komossa+ 2003

ENERGY (KEV)

Credits: Chandra X-ray Observatory (NASA)



Hudson+ 2006




Hudson+ 2006 .

NGC 1128

2:57:43 2:57:42 2:57:41 2:57:40
«{J2000)

Fig.4. A zoom-in of the raw Chandra image of the central region of
A400, with an overlay of VLA 4.5 GHz contours. The double nucleus
of 3C 75 is clearly separated. The radio contours are logarithmically




di Matteo+ 2005

ﬁm-t.toyr 1.4 Gyr 1.6 Gyr 2.5 Gyr

colour=> temperature; brightness => density

Results consistent with correlation between Mpa & Mpuige



low kinetic power jets: accompanied by winds

Gallimore 1997

high kig€tic power mode of feedback

.i

high kinetic power bulk-relativistic jets

Windimode of feedback




VLA: 330MHz

Gitti+ 2012




Bernie Fanaroff & Julia Riley’s Discovery of 1974

3C272 ' 3C47

L 178MHz ]

25 1
2x10 WHz

3C449 3C438




The Systematic differences between
the two Fanaroff-Riley types

L 178MHz :

25 -1
2x10 WHz

Low radio luminosity High radio luminosity
Plume-like jets Narrow collimated jets
Jets fade with distance from core Jets have terminal hotspots

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



Owen Ledlow Plot;:
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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?




The Systematic differences between
the two Fanaroff-Riley types

L 178MHz :

25 -1
2x10 WHz

Low radio luminosity High radio luminosity

Plume-like jets Narrow collimated jets

Jets fade with distance from core Jets have terminal hotspots

tend to occur in clusters of galaxies tend to not be in rich environments
Weak emission lines Strong emission lines

Dust in extended discs Dust with varied morphology

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



The Systematic differences between
the two Fanaroff-Riley types

L 178MHz :

25 -1
2x10 WHz

Low radio luminosity High radio luminosity
Plume-like jets Narrow collimated jets

Jets fade with distance from core Jets have terminal hotspots
Weak emission lines Strong emission lines

Dust in extended discs Dust with varied morphology

Gopal Krishna & Wiita 2000:
Galaxies with Hybrid Fanaroff-Riley Morphology:
=> Environment!
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NGC 7674
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Strawperson scheme

relativistically beamed

A
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L 178MHz .

25 -1
2x10 WHz

relativistically beamed Type 1 |
+ unobscured
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The Systematic differences between
the two Fanaroff-Riley types

L 178MHz :

25 -1
2x10 WHz

Low radio luminosity High radio luminosity
Plume-like jets Narrow collimated jets

Jets fade with distance from core Jets have terminal hotspots
Weak emission lines Strong emission lines

Dust in extended discs Dust with varied morphology

Nuclear polarisation detection rate high ~Nuclear polarisation detection rate low

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



The Systematic differences between
the two Fanaroff-Riley types

L 178MHz :

25 -1
2x10 WHz

Low radio luminosity High radio luminosity
Plume-like jets Narrow collimated jets

Jets fade with distance from core Jets have terminal hotspots
Weak emission lines Strong emission lines

Dust in extended discs Dust with varied morphology

Nuclear polarisation detection rate high ~Nuclear polarisation detection rate low

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



The Systematic differences between
the two Fanaroff-Riley types

L 178MHz :

25 -1
2x10 WHz

Low radio luminosity High radio luminosity
Plume-like jets Narrow collimated jets

Jets fade with distance from core Jets have terminal hotspots
Weak emission lines? Strong emission lines?
Dust in extended discs Dust with varied morphology

Nuclear radio polarisation detection rate high  detection rate low
Dust <250pc, small masses, normalto  Dust >250pc, large masses, no relatiol
radio axis fo radio axis

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



Active Galaxies: Strawperson Scheme
Radio auiet/\ Radio Loud




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



Fermi data reveal giant gamma-ray bubbles
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3y emissions

emissions
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Fermi data reveal giant gamma-ray bubbles
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3y emissions

emissions

W— Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et al.
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