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The Geometry of AGN Obscuration - 1984

Cross-section schematic of a
“high perpendicular polarization source.”

3C 234 - Antonucci (1984) 3C 234
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The Geometry of AGN Obscuration - 1985

Cross-section schematic model for NGC 1068.

Antonucci & Miller (1985)
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FiG. 5.—Cutaway drawing of a continuum source and broad-line clouds
surrounded by a geometrically and optically thick disk. Only photons trav-
eling out along the polar directions can scatter into the line of sight. We would if
observe a high polarization in the plane perpendicular to the symmetry axis,
which we presume to be the radio structure axis.
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Torus Dynamics

A

How does the obscuring region maintain its scale height?

Accretion maintains the obscuring column / surface density
>

v

FiG. 5.—Cutaway drawing of a continuum source and broad-line clouds
surrounded by a geometrically and optically thick disk. Only photons trav-
eling out along the polar directions can scatter into the line of sight. We would
observe a high polarization in the plane perpendicular to the symmetry axis,
which we presume to be the radio structure axis.




Clump
Encounters of
the Turbulent
Kind

e Clump-Clump encounters

o Krolik & Begelman
(1986, 1988)

o Schartmann et al. (2018)

e Kiloparsec-scale flows

o Hopkins et al. (2012)
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Radiation-Driven
Outflows

e Photoionization Heating

o Krolik & Begelman (1986)
e Infrared radiation pressure

o Dorodnitsyn et al. (2016)

o  (+UV) Chan & Krolik (2017)
e X-ray heated fountains

o Wada (2012, et al. 2016)




1£:4D ZU min < A. AuQIDert NUCIEl O GAIaXIES (NUGA) resoIivea by ALIVMIA

1245 105 min LUNCH BREAK

1430 20 min T. lzumi Circumnuclear Multi-phase Gas in the Circinus Galaxy
N Revealed with ALMA

1450 20 min g K. Tristram The compact molecular torus in the Circinus galaxy
= constiainad o ALMA

1510 25 min S C-H.Chan A new dynamical model of AGN tori

1535 25 min K. Wada Dynamical pictures of tori and the multi-phase ISM

16:00 30 min COFFEE BREAK

1630 25 min _ A Dorodnitsyn Hydrodynamical models of obscuring accretion disks and
& winds

1655 20 min g D. Williamson Radiative hydrodynamics of dust and gas in the torus

1715 20 min g D. Angles-Alcazar  Simulating nuclear fueling in realistic environments

1735 20 min E. Treister Molecular Gas in the Nuclear Regions of Nearby Dual AGN
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Radiation-Driven
Outflows

e Photoionization Heating

o Krolik & Begelman (1986)
e Infrared radiation pressure

o Dorodnitsyn et al. (2016)

o  (+UV) Chan & Krolik (2017)
e X-ray heated fountains

o Wada (2012, et al. 2016)




Model

1n

The Founta

tom

sutflowing/hot!

@)

otlatomicigass

a

as retuiiningatoltheldisk

"
5 *' $

)

(@linfalling

]se%?ld
S
>

B “moleculariga

N

©
-+
()
]
©
©
=




NUCIEl O GAIaXIES (NUGA) resoIivea by ALIVMIA

Circumnuclear Multi-phase Gas in the Circinus Galaxy
Revealed with ALMA

The compact molecular torus in the Circinus galaxy
constrained by ALMA

A new dynamical model of AGN tori

Dynamical pictures of tori and the multi-phase ISM
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it
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M
1510 25min > C-H.Chan
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)
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1735 20 min E. Treister
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Hydrodynamical models of obscuring accretion disks and
winds

Radiative hydrodynamics of dust and gas in the torus
Simulating nuclear fueling in realistic environments
Molecular Gas in the Nuclear Regions of Nearby Dual AGN
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Hydromagnetic
Winds

Konigl & Kartje (1994)

Elitzur & Shlosman
(2006) Continuum Source

Elitzur & Ho (2009) N gm
Vollmer et al. (2018)

Corona

Emmering, Blandford, & Shlosman (1992)




TUESDAY, 11. DECEMBER
R&V: REPROCESSING & VARIABILITY
Time Duration Chair Speaker

Title

09:00 25 min B. Vollmer Models of thick turbulent gas disks with magnetocentrifugal
winds in AGN and their application to Circinus and NGC 1068
09:25 25 min M. Stalevski Towards a new paradigm of dust structure in AGN:
T Dissecting the mid-IR emission of Circinus galaxy
O
0950 20 min 2 C. Andonie Reconciling X-ray and IR observations of the Circinus
b3 Galaxy
1010 20 min M. Schartmann The effect of circum-nuclear discs on the central gas and
dust distribution
1030 20 min R. Nikutta Hypercat - Hypercube of AGN tori



Warped Disks

Phenomenology

o Sanders et al. (1989)
Water maser disks

o NGC 4258

o NGC 1068

o  Circinus
Radiation-driven warps

o  Pringle (1996)

o Maloney, Begelman, &

Nowak (1997)

Wind-driven warps

o Quillen (2001)
Damping

o Sorathia et al. (2013)




Declination Offset (mas)
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Gallimore et al. (2004)

20—

T
30

, 0
el
0

0

Radial Velocity Scale (km / sec)

300 200 (9o 0 100
Yoy vy e Tangn o

30

10 0 -10
Right Ascension Offset (mas)

Observer's View

0.1 pc

[T] ][/ 22

LSO SNNRRRRR

SS\Nueana

Top View

0.1 pc

To Observer

NGC 4258
Herrnstein et al. (2005)

Circinus
Greenhill et al. (2005)

Shadow

b
|
-

Shadow

See also
Stalevski et al. (2017)



09:30 25 min J. Braatz Water Megamasers

T — S=réorTTeTTe mﬁ tort
£
10:20 20 min 2 A Alonso-Herrero The dusty molecular torus of Seyfert galaxies is full of
- surprises
10:40 10 min Posters (Bianchin, Dynamics

Brum, Carpes, llha,
Venanzi)



Star-formation

e Nuclear Star Cluster
o Schartmann et al.
(2010)
e Starburst Feedback
o Wada & Norman
(2002)
o Wada et al. (2009)

Log(Temperature) [K




MOQAaeIs O1 NICK turpuient gas aisks witn magnetocentritugal
winds in AGN and their application to Circinus and NGC 1068

Towards a new paradigm of dust structure in AGN:
Dissecting the mid-IR emission of Circinus galaxy
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A new dynamical model of AGN tori

Dynamical pictures of tori and the multi-phase ISM
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Das Eierlegende Wollmilchtorusmodel

Cloud-cloud
interations

Radiation
Pressure

Photoionization /
Compton heating

Star formation

Turbulence



http://www.youtube.com/watch?v=q030WNZvXrA

The Search for the Torus

11:20 25 min R. Morganti The complex nuclear regions of young radio galaxies
2
M Cyg A = Filterbonk
THE ASTRONOMICAL JOURNAL VOLUME 107, NUMBER 4 APRIL 1994 ;05
SEARCH FOR CO ABSORPTION FROM A MOLECULAR TORUS IN CYGNUS A
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21 cm Absorption - Disks
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21 cm Absorption - Outflows

Blueshifted absorption
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NGC 1068 - Infall or Outflow?
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NGC 1068

Garcia-Burillo et al. (2016)
ALMA 4.5 - 5 pc resolution

CO (J=6—5)
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May & Steiner (2017) - [Fe Il]
Barbosa et al. (2014)
NGC 1068 - OU-tﬂOW Cecil, Bland, & Tully (1990)
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1:20 25 min % S. Garcia-Burillo The many 'faces' of the molecular torus of NGC1068

11:45 20 min g V. Impellizzeri The counter rotating molecular torus in NGC1068

12:05 20 min ,8‘ M. Imanishi ALMA reveals a rotating dense molecular torus in NGC 1068
12:25 20 min :(' A. Audibert NUCclei of GAlaxies (NUGA) resolved by ALMA




The Circinus Fountain
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14:30 20 min T. lzumi Circumnuclear Multi-phase Gas in the Circinus Galaxy
~ Revealed with ALMA

1450 20 min g K. Tristram The compact molecular torus in the Circinus galaxy
0 constrained by ALMA

15:10 25 min > C-H.Chan A new dynamical model of AGN tori

15:35 25 min K. Wada Dynamical pictures of tori and the multi-phase ISM




NGC 5643
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The Torus in the Age of ALMA
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NGC 1365

R

- ‘Q

~36°08'20" k-

—-36°08'30" &
(Te]
o
—36008'/10” A0 ! ; B Y e . Loy Uy B oy o ) e s
N R 36° 10 0 -10 -0.5 -1 -1.5

O
I 12:25 20 min < A Audibert NUclei of GAlaxies (NUGA) resolved by ALMA




