Credit: K.Wada

“
¢!

Dust in Active Galactic Nuclei: a close
look at the torus and its surroundings
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To Radio Lobe -

Clouds in
Broad-Line —
Region (BLR)

Host Galaxy
Size:about 100,000 light-years

Supermassive Black Hole
Size: as bigasMercury's orbit

e

e — A Black holes emit no light, but
Astronomers call supermassive black Doughnut” Ring of Dust & Gas the glow from the bright

holes and their surrounding disks Size:around 1 light\year material swirling around them Black Hole Engine
“Active Galactic Nuclei” or “AGN” can be seen by telescopes.

Clouds in
Narrow-Line

Why Do Active Black Holes Look Different? Region (NLR)

In some galaxies the
black hole regions are
incredibly bright, while in
other galaxies they
appear much darker.

Visible

\f\_,\_r\f‘/' (NLR)
»

®
A “unified model” N\
suggests the angle at
which we view them can
explain the differences.

Seen face-on, we detect the light from the When viewed through the edge of the dusty
hot material surrounding the black hole. doughnut, the black hole is hidden.

lonizing Cone
auon Buiziuo)

The idea of a Unified Model for AGN >
was put forward by Antonucci & N EW
Miller in 1985

The torus of dust and molecular
gas is the key ingredient

Gamma Ray




Importance of the dust-obscured AGN
phase in galaxy evolution

(c) Interaction/“Merger” (d) Coalescence/(U)LIRG (e) “Blowout” (f) Quasar

NGC 4676
NGC 6240

IRAS Quasar Hosts
PG Quasar Hosts

- now within one halo, galaxies interact & - galaxies coalesce: violent relaxation in core

’ . - BH grows rapidly: briefly - dust removed: now a “traditional” QSO

- stellar winds dominate feedback - starburst dominates luminosity/feedback, : r:;nj;r(\jgfni:szlbgj: ::f-?"e: i) QSO: h i f<_=_at_urﬁs tl')alde/rapldly —

- rarely excite QSOs (only special orbits) but, total stellar mass formed is small 8 2 Al -ieharactenstically. Duelyoung spnenot
recent/ongoing SF in host
. " high Eddington ratios
(b) “Small GI"OUP merger signatures still visible (g) DecaY/K+A
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- QSO luminosity fades rapidly
- tidal features visible only with
very deep observations

. . . - remnant reddens rapidly (E+A/K+A)

— L bl
~ g - . - sets up quasi-static cooling

- halo accretes similar-mass

SFR [Mg yr']
=

companion(s)
- can occur over a wide mass range
- Mhalo still similar to before:
dynamical friction merges
the subhalos efficiently
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(a) Isolated Disk }' 125 (h) “Dead” Elliptical
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- halo & disk grow, most stars formed Time (Relative to Merger) [Gyr] - large BH/spheroid - efficient feedback
- secular growt'h builds bar_s & pseudobulges - halo grows to “large group™ scales:
- “Seyfert” fueling (AGN with Mg>-23) mergers become inefficient

- cannot redden to the red sequence - growth by “dry” mergers




Different physical scales of dust in nuclear
regions of Active Galaxies

lonization
cone

Circinus Galaxy
Hubble Space Telescope * WFPC2

“»Torus: a few to tens of parsecs
**Polar dust: up to a few hundred parsecs
e Circumnuclear disks: a few hundred parsecs to up to | kpc



Thermal IR emission of radio quiet AGN
+ angular resolution

' Hernan-Caballero+201 6, Elvis+1994,

2012, Glikman+2006, Richards+2001,

| 2006, Hill+2014, Kim+2015

Garcia-Gonzalez+2016, and
templates from Mullaney+201 |
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“*Ground-based imaging/spectroscopy: NIR AO (<0.1”), MIR diffraction

limited (~0.3")

“*Interferometry (<0.1”)
“*MIR/FIR: SOFIA(~3"), Herschel (3-10”),ALMA (0.3-0.04”)




Outline of the talk

What we have learned in the last ~5 years - an incomplete review
and only for radio-quiet AGN

* A few surprises about the dusty molecular torus of nearby AGN
A new paradigm: the dynamical torus
e Properties of the AGN dust: grains, dust composition, PAH

“* Properties of the torus in distant AGN: dust covering factors and
evolution



**Small torus sizes at |2pum, ~3x smaller than expected

Structure of the torus (in 2013)

“*No differences between type | and type 2

“*Larger scatter for torus sizes at |2Jum than in the near-infrared
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First direct detection of the torus: NGC1068

The Unified Model torus has been detected only in a handful of AGN

ALMA 432um view (0.04-0.06” res) of central 2” of NGC1068
‘Dust and molecular gas torus (7-10pc). Mgas~10°M

and Mpust~1600M -
*Circumnuclear disk (300pc x 200pc) with recent SF activity
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More large tori detected with ALMA
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GALACTICACTIVITY, TORUS i
AND OUTFLOW SURVEY

NGC5506 [ ) a2
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Garcia-Burillo+2018 in prep.



Polar Dust Emission in AGN

** Compact MIR emission (interferometry up
to a few pc,imaging up to a few 100pc’s)

*» Some AGN show a significant fraction of their
MIR emission along the polar direction
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MIR imaging: Asmus+2016 Radomski Modelling MIR interferometry: Lopez-
+2003, Packham+2004, Alonso-Herrero Gonzaga+2016, also Tristram+2009,

+2016, Garcia-Bernete+2016 Honig+2012, 201 3, Leftley+2018



Dusty torus model images

Nearly equatorial view [

Intermediate view i

Nearly polar view

1 10um

Siebenmorgen+2015, also Honig+2006, Schartmann+2008,
Stalevski+2016,Wada+2016, Jud+2017, Lopez-Rodriguez+2018a



Disappearing torus at low AGN luminosities?

* Torus predicted to disappear at Lool (AGN)< 10*2erg/s: Elitzur &
Shlosman 2006
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Inﬂ Owslo utﬂ OWS Miiller-Sanchez+2009: Inflows

detected in Hz at 2.12um with
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A massive “outflowing” torus in NGC5643

Alonso-Herrero+2018
Composite ALMA (red) +MUSE (blue, green) ALMA Integrated CO(2-1)
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An obscured AGN in NGCI1377 revealed by
a cold molecular gas jet

Dec. Offset (arcsec)

Aalto+2016
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Aalto+2017
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¢* No evidence of star formation, therefore outflow must be AGN driven

* Outflow rate 9-40 Mo /yr

** No continuum dust emission detected at 690GHz (434um) with ALMA.
Could be explained by an unresolved obscured nuclear source 0.2-0.7pc ?
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The new paradigm for
the obscuring material of AGN

Pier & Krolik 1992 Schartmann+2008
UNIFORM CLUMPY

Honig & Kishimoto 2017
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Mid-Infrared Polarimetry of AGN

NGCI1068 8.7 um
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NGC 4151 Mrk 231 NGC 5506
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NGC 1068
Radio-Quiet ®¢® o % ®
Radio-Loud

Cygnus A

Jet-molecular cloud interaction in
northern ionization cone: No silicate
feature in polarized light: dust grains
different from those in ISM?

AGN location
<0.3% polarization
from the torus




Silicate Feature AGN
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Shi+2014

- Quasars
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“*Porous (large grains) dust:
AGN wind),

“*Different dust species:

®*Radiative transfer effects:

A/\peak [/UT\]

2.0

1.5

1.0

0.5

-05

e B 0.5
Compilation = a o l g
of AGN o= =|| | _0s
o g — '
a a = -T. E -—10 4
: o “Tull _15 3
- *" 00 mue g:.;: A
0o S00m < ® wome '2"“::""! -2.0
0 96D OO0 o @D © 0D © XN
O & 3 O & e -25
. -3.0
-3.5
. ~4.0
0.2 0.4 0.6 0.8 1.0
facn

(M81 dust produced in

“*Modified chemical composition in the presence of a strong radiation field:



Dust composition in quasars
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Example of a QSO fit: corundum: solid red,

periclase: dashed red, olivine: solid blue, Mg-rich

olivine: dashed blue, PAH: cyan

olivine enstatite
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Srinivasan+2017, see also
Markwick-Kemper+2007, Xie
+2017

Mass fractions of various dust species for a

sample of 53 quasars # dust composition in ISM

Dust produced in quasar winds? Elvis

+2002



| PAH emission in the nuclear regions of AGN

Normalized f, (arbitrary units)

PAH
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PAH emission excitation on scales of
tens of parsecs: AGN vs. Nuclear SF?

Alonso-Herrero+2014, also Honig+2010, Gonzalez-Martin+201 3, Esquej+2014,
Ramos Almedia+2014, Ruschel-Dutra+2017, Esparza-Arredondo+2018




Protecting PAHs in the nuclear regions of AGN
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Simplest version of the AGN Unified Model

What We Expect to See

Galaxies are oriented randomly in the sky so the disks
in their centers should be oriented randomly as well.

Thus we expect to see a random mix of exposed and
hidden black holes everywhere we look. ‘

s B

with the obscuring tori having similar properties in all AGN independent of
AGN luminosity, redshift, Eddington ratio, etc




The Obscured AGN fraction

Obscured fraction is usually derived from X-ray column densities (NH,)
and optical class (type | broad vs. type 2 narrow lines)

Dependence with AGN luminosity?

Optical classification
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Modelling the AGN IR unresolved emission
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Different torus model parameters for
Type | and Type 2 AGN
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Torus Dust Covering Factors vs Luminosity

“*Complete sample of X-ray selected AGN: 132 type | AGN and 78 type
2 AGN at redshifts z~0-1.7

*Small CF values are preferred at high AGN luminosities, as postulated
by simple receding torus models
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Missing AGN in X-ray (<|0keV) surveys
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AGN X-ray luminosity

** A non-negligible fraction of luminous, heavily obscured (high covering
factors) type-2 AGN X-ray detection (at energies < |0keV) are missing:

¢ Comparison of optical fraction of type |/type 2 of X-ray selected AGN
with the modelled distribution of torus geometrical covering factors



Normal and dust deficient quasars
Lyu+2017b
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*® Warm and hot dust deficient quasars are only 10% of type | quasar population

** All quasars have very similar far-infrared SED that are also consistent with those
of lower luminosity AGN

* Similar emitting properties in the outer parts of the AGN-heated
dusty structures, i.e., optically thin dust in the far-infrared



Lyu+2017a Evolution of the obscuring

[ J [ ]
material (torus) in PG quasars
Zhuang+2018
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Summary

We are only starting to glimpse the true nature of the
torus and the properties of the AGN dust

** Images of the torus: detailed
geometry of the torus in nearby
active galaxies including sizes, polar
dust

* Inflows/outflows

*» Connection with the host galaxy
including positive/negative feedback,
nuclear star formation activity

*» Dust properties in large AGN
samples

** Evolution of torus properties in
AGN vs luminosity, redshift,
Eddington ratio, etc




