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Motivation

Supermassive black hole astrophysics is
concerned with many processes, e.qg.,

- the formation and dynamics of Broad Line
Regions and Narrow Line Regions in AGN,

- the mass supply to a black hole accretion
flow, and

- the black hole growth/impact.




What is inside the grid?




OUTLINE

1. Introduction
2. Multidimensional, time-dependent simulations of

- accretion disk winds
(What is the physics of a “sub-grid”?)
and
- large scale inflows and related outflows
(Can we model the AGN feedback directly?).
See also KEN NAGAMINE's talk

3. Conclusions




Why outflows driven by
radiation?
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Radiation-Driven
Disk Winds




The computational domain
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Line driving

the radiation force due to
electron scattering

the radiation force due to lines

’the total radiation force

Lucy & Solomon (1970) and Castor, Abbott & Klein (1975)




CAK theory
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What really matters is
the following

LD Mmaaz ? LEdd




M ..=10 Msun
T =06







M ..=10 Msun
T =06







v [10000 km/s] v [10000 km/s]

DP, Stone, & Kallman (2000)
DP & Kallman (2004)”
DP & Kurosawa (2010)
DP et al. (2012)

v [10000 km/s]

v [10000 km/s]

v [10000 km/s]




Broad band spectra for various l.o.s.
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Sim et al. (2010) see also Schurch et al. (2009)
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Applied in models of AGN momentum-driven feedback,
e.g., Ostriker et al. (2010) and Choi et al. (2012).
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Are outflows virialized?

R 5005y
O PBNO
4 el « .

/

r

Kashi et al., submitted (aXriv:1310.1090)




10 10° 10° 10 10 10 10




Radiation-Driven
Winds from Inflows




Irradiation by Quasar.

Part I: effects of radiative heading and cooling.







gamma_5by3 / Run37 / LxByledd_le—2 (2.02 — 2.0802 Myr)
—19

o

5]

™~

N2

=

2

c

a8
-20

o

o

N
-21
-22
y y

a 3-D SPH simulation (Barai, DP, & Nagamine 2012, see also BPN 2011)
see K. Nagamine’s talk

log gas temperature
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Density [g/cm3]
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Cloud Irradiation

In collaboration with Yan-Fei Jiang (Princeton),
Shane Davis (CITA), Jim Stone (Princeton), and
Daniel Smith (UNLV).
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Pure scattering Absorption dominated
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DB: rad2D.0000.vtk

Cycle: 0

Proga et al,, in prep.
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Irradiation by Quasar.

Part I: effects of radiative heading/cooling and pressure.
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Effects of gas rotation, optical depth
and X-ray background radiation

rotation and opt. thick
no rotation rotation no X-ray background X-ray background
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3-diminesional simulations

Kurosawa & DP (2009a)
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Dynamical model for clouds in NLR!?




Kurosawa & DP (2009a)




What is the limit for
the mass supply rate?
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Total Feedback Efficien
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How efficient are the large scale
outflows?
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Radiation-driven disk wind simulations predict line profiles and
broad band spectra that are consistent with observations of BLRs.

The disk winds are virialized up to a relatively large distance.

The disk winds are much more energetically efficient than the large
scale outflows.

A significant fraction of the inflowing matter can be expelled by radiation
pressure and heating.

The non-rotating flow settles into a steady inflow/outflow solution. Gas
rotation and large optical depth can lead to time variability.

In time variable flows, dense clouds form (as in NRL of AGN?). The cloud time
evolution is very complex (no ‘bullets’).

Inflows and outflows can be multi-temperature/phase media in part because
of thermal instability (as in WA?).

The I/0 solution is quite robust but its characteristics are sensitive to the
geometry and SED of the central object radiation.

The mass supply rate does not appear to be limited by the luminosity of AGN.




