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Why studying SMBHs and AGN?

Star Formation:
Converting gas
into stars

© ESA/AOES Medialab

The importance of SMBHs

compare the total amount of feedback energies from SMBHs and SNe:
EBH/V ~ (.1 PBH 62
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SMBHs and AGN

* Measuring the mass of SMBHs in normal galaxies
- resolving the gravitational sphere of influence
- enabled by AO and HST observations (1989)
- MBn-sigma* relation (2000)

¢ Understanding the Mgsn-sigma* relation
- How SMBHs moderate the growth of galaxies

¢ Active Galactic Nuclei (AGN): Quasars (1963)/QSOs
1965)/Radio Galaxies (1949)/Seyferts (1943)
- Accretion disk physics
- Deducing the innermost structures of AGN
- Measuring BH masses in AGN: reverberation mapping
and the BLR size-luminosity relation

Seeing the event horizon

THE ASTROPHYSICAL JOURNAL LETTERS, 875:L1 (17pp), 2019 April 10
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First M87 Event Horizon Telescope Results. 1.
The Shadow of the Supermassive Black Hole

The Event Horizon Telescope Collaboration
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Abstract

‘When surrounded by a transparent emission region, black holes are expected to reveal a dark shadow caused by
gravitational light bending and photon capture at the event horizon. To image and study this phenomenon, we have
assembled the Event Horizon Telescope, a global very long baseline interferometry array observing at a wavelength of
1.3 mm. This allows us to event-hori: le images of the ive black hole candidate in the center
of the giant elliptical galaxy M87. We have resolved the central compact radio source as an asymmetric bright emission
ring with a diameter of 42 + 3 pas, which is circular and a central ion in bri, with a flux
ratio >10:1. The emission ring is recovered using different calibration and imaging schemes, with its diameter and
width remaining stable over four different observations carried out in different days. Overall, the observed image is
consistent with expectations for the shadow of a Kerr black hole as predicted by general relativity. The asymmetry in
brightness in the ring can be explained in terms of relativistic beaming of the emission from a plasma rotating close to
the speed of light around a black hole. We compare our images to an extensive library of ray-traced general-relativistic
magnetohydrodynamic simulations of black holes and derive a central mass of M = (6.5 & 0.7) x 10° M. Our radio-
wave observations thus provide powerful evidence for the presence of supermassive black holes in centers of galaxies
and as the central engines of active galactic nuclei. They also present a new tool to explore gravity in its most extreme
limit and on a mass scale that was so far not accessible.

Key words: accretion, accretion disks — black hole physics — galaxies: active — galaxies: individual (M87) —
galaxies: jets — gravitation
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GRMHD simulations of different spin parameters and accretion flows

GRMHD models
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Resolving the sphere of influence:
Adaptive Optics and Hubble

Centaurus A, d ~ 4 Mpc

"More than 200 members from 59 institutes in 20 countries and regions
have devoted years to the effort, all unified by a common scientific vision."

A TMOSREIERE TURBUILENCE

Twinkling of stars and
the moon caused by
pockets of air at

different densities




THEIPEA OF LD AREE COREE 1989/10, THE BREAK-THROUGH

SYSTEME D'OPTIQUE ADAPTATIVE " COME—ON *

( Cge, O bservatoire de M eudon, E so, ON ERA)
en de la

from all parts of the mirror, and of en temps réel de la turbulence atmosphérique

{

amplifying and feeding back this houal S W X
information so as to correct locally I gd ! _Provence Obsenyetory

; s i " U in southern France.
the figure of the mirror in response ‘ Q -
to the schlieren pattern, we could : / =

. v In 1991, the US militar

Exbetcto compensace both 7 declassified most of thz
for the seeing and for any e e —

F— 1989, the first AO for

| o ¥

i astronomy worked:
COME-ON on the |.5-
m telescope of Haute-

“If we had the means of continually
measuring the deviation of rays

f A A A . development work on
inherent imperfection of the Image non corrigée | image corrigée | AO tol:;stron A

A A s 1,/ Observatoire de Haute Provence, Octobre 1989, &
optical figure L Télescope de 1,6m  y; Andromede, A = 2,2um

(Horace Babcock 1953 PASP)

“An old dream of ground-based astronomers has finally come true”, Merkle+1989

o0 EIST LAUNCHIED 2 IMBEIRED G ORTIC A |0 BENGC 1

20YEARS LATER,AO HAS BECOME STANDARD
Gemini STATE—OF—TH E-ART

i 0 /Il HD 175658 (R = 6.5 mag)
Perfect Airy Disk |l H-band image

= l—-
@® -

Deformable secondary mirror Esposito+2010
of LBT, |-m across, costs $1m!




Key: Resolving the Sphere of Influence

e HST/ACS Image of the triple nucleus of M31

Argon+07, Moran 08
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The Origin of the
MBH-S|gma* relation

Simulation: BH feedback from intense accretion
(triggered by a gas-rich merger)

Stars| 0.5 Gyr

A simple theoretical explanation:
feedback from Eddington limited BH growth
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BLACK HOLES, GALAXY FORMATION, AND THE My,-0 RELATION

ANDREW KING'?
Received 2003 July 2; accepted 2003 August 19; published 2003 September 15

ABSTRACT

Recent X-ray observations of intense high-speed outflows in quasars suggest that supercritical accretion on to
the central black hole may have an important effect on a host galaxy. I revisit some ideas of Silk & Rees and
assume that such flows occur in the final stages of building up the black hole mass. It is now possible to model
explicitly the interaction between the outflow and the host galaxy. This is found to resemble a momentum-driven
stellar wind bubble, implying a relation My, = (f,k/2rG*)o* = 1.5 x 10%0%, M,, between black hole mass and
bulge velocity dispersion (f, = gas fraction of total matter density, x = electron scattering opacity), without free
parameters. This is remarkably close to the observed relation in both slope and normalization. This result suggests
that the central black holes in galaxies gain most of their mass in phases of super-Eddington accretion, which
are presumably obscured or at high redshift. Observed super-Eddington quasars are apparently late in growing
their black hole masses.
Subject headings: accretion, accretion disks — black hole physics — galaxies: formation — galaxies: nuclei —

quasars: general

Time = 1.1 Gyr

[
20 kpe !

Di Matteo, Springel, Hernquist 2005




100,00 1 Merger models w/ feedback reproduces the M-sigma relation
2 10.00 1 e e e T T e
E N = |
2 100k '\\.\‘\{v!‘t'l"“_t BH F ]
o E [ T
% 0.10F r b
@ \\ WithBH ] o L o
001 \\\v 10° | E
E , ; ey : E 3
100 n ]
% 102_ 7 - i 100 300500 |
< 2 - . E o (kms™) 3
L s - - ]
F 10 o F b
N L i
106k } f } /\A 107 & -
109 E E E
g i -~ 80% gas |
& . 6 _ .
$ Di Matteo, 0 E —m 40% gas E Di Matteo,
Springel, F — 20% gas ] Springel,
. L L | L | .
. Hernquist 2005 I " 0 ™ 500 Hernquist 2005
t (Gyn) o (kms™)

Structure of the

SMBHs and AGN AGN Central Englne

* Measuring the mass of SMBHs in normal galaxies
- resolving the gravitational sphere of influence
- enabled by AO and HST observations (1989)
- MBn-sigma* relation (2000)

¢ Understanding the Mgsn-sigma* relation
- How SMBHs moderate the growth of galaxies

¢ Active Galactic Nuclei (AGN): Quasars (1963)/QSOs
1965)/Radio Galaxies (1949)/Seyferts (1943)
- Accretion disk physics
- Deducing the innermost structures of AGN
- Measuring BH masses in AGN: reverberation mapping
and the BLR size-luminosity relation
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Quasar Light Curves: Rapid Variations
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Mrk 231: Type | AGN

NGC 1672 Type Il AGN

Type | vs. Type 2 AGN in optical spectra
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AGN UNIFICATION SCHEME
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Chandra
observing time,
this is the deepest
X-ray image ever
obtained.

Almost every X-ray
source is an AGN
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Where does the ubiquitous X-ray emission come from?

Narrow Line Region (NLR)

N Broad

X-ray emission originates from inverse-Compton scattering
of UV/Optical photons from the accretion disk
by relativistic electrons in a hot “corona”

X-ray Emission
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Accretion Disk
(infalling material)

<— Jet (or failed jet)

>< ray Emission

X-rays Reflected
off Disk

H,A

Accrenon Disk
(infalling material)|

Corona Corona

Black Hole

Black Hole

Corona is likely heated by the reconnection of the magnetic
fields generated by buoyancy instability in the accretion disc.

AGN X-ray Emission from X-ray Corona & Reflection

Various components of the AGN Spectral Energy Distribution
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Continuum from accretion disk, emission lines from gas around
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With the size-luminosity relation, one can estimate BH mass without
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Summary

Measuring the mass of SMBHSs in normal galaxies
- resolving the gravitational sphere of influence

- enabled by AO and HST observations (1989)

- Meh-sigma* relation (2000)

Understanding the Mgu-sigma* relation
- How SMBHs moderate the growth of galaxies

Active Galactic Nuclei (AGN): Quasars (1963)/QSOs
1965)/Radio Galaxies (1949)/Seyferts (1943)

- Accretion disk physics

- Deducing the innermost structures of AGN

- Measuring BH masses in AGN: reverberation mapping
and the BLR size-luminosity relation




