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The Geometry of AGN Obscuration - 1984
Cross-section schematic of a 
“high perpendicular polarization source.”

3C 234 - Antonucci (1984)

Leahy, Pooley & Riley (1986)



The Geometry of AGN Obscuration - 1985
Cross-section schematic model for NGC 1068.

Antonucci & Miller (1985)



Torus Covering Fraction

X-rays: Burlon et al. (2011) IR: Stalevski et al. (2016)



Torus Dynamics

Accretion maintains the obscuring column / surface density

How does the obscuring region maintain its scale height?



Clump 
Encounters of 
the Turbulent 
Kind

● Clump-Clump encounters

○ Krolik & Begelman 
(1986, 1988)

○ Schartmann et al. (2018)

● Kiloparsec-scale flows 

○ Hopkins et al. (2012)



Radiation-Driven 
Outflows

● Photoionization Heating

○ Krolik & Begelman (1986)

● Infrared radiation pressure

○ Dorodnitsyn et al. (2016)

○ (+UV) Chan & Krolik (2017)

● X-ray heated fountains

○ Wada (2012, et al. 2016)
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The Fountain Model

NAOJ

Wada et al.





Hydromagnetic 
Winds

● Königl & Kartje (1994)
● Elitzur & Shlosman 

(2006)
● Elitzur & Ho (2009)
● Vollmer et al. (2018)

Emmering, Blandford, & Shlosman (1992)





Warped Disks
● Phenomenology

○ Sanders et al. (1989)
● Water maser disks

○ NGC 4258
○ NGC 1068
○ Circinus

● Radiation-driven warps
○ Pringle (1996)
○ Maloney, Begelman, & 

Nowak (1997)
● Wind-driven warps

○ Quillen (2001)
● Damping

○ Sorathia et al. (2013)



NGC 4258
Herrnstein et al. (2005)

NGC 1068
Greenhill & Gwinn (1996)
Gallimore et al. (2004) Circinus

Greenhill et al. (2005)

See also 
Stalevski et al. (2017)





Star-formation

● Nuclear Star Cluster
○ Schartmann et al. 

(2010)
● Starburst Feedback

○ Wada & Norman 
(2002)

○ Wada et al. (2009)





Das Eierlegende Wollmilchtorusmodel

Turbulence

Star formation

Cloud-cloud 
interations

Photoionization / 
Compton heating

Radiation 
Pressure

MHD

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


The Search for the Torus



21 cm Absorption - Disks

MRK 6: Gallimore et al. (1998)
NGC4151: Mundell et al. (1995)

1946+708: 
Peck & Taylor (2001)



21 cm Absorption - Outflows

IC 5063: Morganti et al. (1998)



NGC 1068

Impellizzeri et al. (in prep)

ALMA 1.4 pc resolution
HCN 3-2



NGC 1068 - Infall or Outflow?

Müller-Sánchez et al. (2009) May & Steiner (2017); Barbosa et al. (2014)



NGC 1068
Imanishi et al. (2018)

ALMA 2.8 - 5 pc resolution

García-Burillo et al. (2016)
ALMA 4.5 - 5 pc resolution
CO (J=6→5)



NGC 1068 - Outflow

Gallimore et al. (2016) - CO 6-5

May & Steiner (2017) - [Fe II]
Barbosa et al. (2014)
Cecil, Bland, & Tully (1990)





The Circinus Fountain

Izumi et al. (2018)





NGC 5643

Alonso-Herrero et al. (2018)



The Torus in the Age of ALMA

Combes et al. (2018-ish)


