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The “donut paradigm"

ME—<E7)b, Type 2
' BLR
afew-10pc? | gﬁhkm/s
AGN = Urry & Padovani (1995)

e central BH +accretion disk + broad line region+ narrow/coronal line
region +obscuring dusty “torus” + (jet)

* A thick torus is proposed to explain AGNs’ spectroscopic features
(type-1 and type-2 dichotomy)

Fraction of type-2 (obscured AGNSs) to type-1 (unobscured AGNs) =
the opening angle of the torus 6



“‘obscuring torus”
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Combes et al. 2019
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Galaxy

Radius

(pc) | Jykm/s 10" Mg
NGC 613 14+3 | 56x20 3.9+14
NGC 1326 2145 18+2  0.95+0.1
NGC 1365  26+3 10+3  0.74+0.2
NGC 1433 - - -
NGC 1566 24+5 | 72+10  0.88+0.1
NGC 1672 27+7 | 80+9  2.5+0.3

NGC 1808

We need to explain the origin of the multi-components
& multi-wave length observations of AGNs

46+6

Beyond the donut paradigm: we suppose that

e The various components in AGNs should be
reproduced by solving basic equations, by

appropriate methods.

e Then, multi-wave length observational
properties (e.g., intensity distributions, SEDs,
obscured fraction etc.) should be naturally
reproduced from the numerical results

1) 3-D, time-dependent

* Radiation-Chemo-Hydrodynamic simulations

0.94+0.1

2) post-process “pseudo” multi-wave length
observations using RT codes

3) Comparison with ALMA and other observations



Gas dynamics irradiated by a central source

i Wada ’12, ‘14
¢ Non-spherical Central source: ada 14,

- Lagn(0) o cos(0)

— Lagy = {0.01-0.5} Lgyy = 104-46erg/s
e 3D Cartesian, uniform grid +Ray tracing with 2563 rays
— No symmetry is assumed.
— direct radiation only (e.g IR emission from dust).
Radiation pressure for dusty gas (Schartmann+05)
— Frequency dependent dust absorption and AGN SED ( for 10-3 ~ 102 um)
X-ray heating (Maloney+96, Meijerink & Spaans06, Blondin94)

— Compton heating
* Non-equilibrium XDR chemistry
w/ 20 species]

— Coulomb heating
:/\ \\

— photo-ionization for H and H2
SED of the central sou ‘(\:e

Three phases of
hydrogen in “radiation-
driven

fountain”

Model for
Circus galaxy

XDR chemistry is included

PF. B BEEARIL
% bkinematicsb 27425

KW, Schartmann,
Meijerink (2016)




ISM in the fountain is multi-
temperature over a wide range of
density
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Observing the fountain Schartmann, KW, Prieto, Tristrum, Burkert (2014)

one snapshot from RHD | —| 3D Monte Carlo (RADMC-3D)
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dust model

a typical galactic dust model (Schartmann et al.
2005)

5 different grain sizes for 3 different grain
species each:
silicate and the two orientations of graphite

grains with optical properties adapted from Draine
& Lee (1984), Laor & Draine (1993) and Weingartner & Draine

(2001).

dust{extinction curve | | SED of the central source

Circinus galaxy (type 2 Seyfert galaxy at 4Mpc)
MsH = 2x10%6 Msun
Type 2

The Circinus Galaxy
Credit: Andrew S. Wilson (U. Maryland) et al., WFPC2, HST, NASA

yellow: i-band
red: Ha



KW, Schartmann, & Meijerink (2016)

Case study: Circinus galaxy

SED and 10 um absorption are
reproduced for viewing angle > 75deg

hot dust .
Nuclear disk should be close to

edge-on!

%

cold dust

T

ook W T

rotational axis

T T

5 10 15 10*F S
> C v i
3 ;
— r , .I .-.
L S
3 - /I I’ //
N (b) MIR dust distributiol 1 0'3 E e ./'I _/-//
Thin disk » ’.;-‘-f:)
Hz0 disk 2
/ ( maser disk) Z// <>
10" E o
/ [ I o
Polar elongation 1 10 100
. A m
Tristram+ 2014 [um) 15

_ . Kudoh, KW, N i .
3D MHD simulation of the torus udo orman, In prep

(b) Adiabatic MHD state

time=0.745 [Myr

(a) Initial state
time=0.000[Myr

(¢) MHD+Cooling/Heating state
time=2.353 [Myr log (T[SK])

7
2
6 =
g = = |5
= 2 2 s 2
N
N N E
-05 _ ()
0.3 4 K
-10 -10
3

-15 15

05 10 15

20 25 3.0

05 1.0 15

20 25 3.0

1.0 15

20 25 3.0 35

R [pcl R [pc]
time=0.000[Myr] time=0.745 [Myr time=2.353 [Myr]
15
1.0
<
D
0.5 R
—_ — by <
2 o0 = 2 2 =)
N N N .‘3
-0.5 o
-1.0
-1.5
o |
05 1.0 15 20 25 3.0 35 . 20 25 3.0 35 20 25 3.0 35
R [pcl] R [pc] R [pc]

16



Kudoh, KW, Norman, in prep.
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1‘5 E/\\\ Table 1. Differences between the proto-planetary disk and AGN

proto-planetary disk | circumnuclear disk

mass of the central object M, ~ Mg Mpg ~ 106_9M@

lumninosity of the central source | ~ Lg 1010-121,

spectrum of the central source black body power law

size of the dusty disk 10-100 AU 0.1 pc - 100 pc

inner edge of the dusty disk = dust sublimation radius (sub pc ~ pc)
gas mass ~ 0.01 M, ~

M
dust mass ~ 104 Mg < ~ 103 —10°Mgy ™
rotational period ~100 yr . 100- 108 yr .

,B,fg,uav <t ~10% yr 10° — 10% yr
drag law \> Epstein/Stokes Epstein

. mean free path of gas ~1-100 cm ~10"2(52—)"1 cm

= 103 cms—3
\‘ _M/
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KW, Tsukamoto, Kokubo (2019)
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“Planet” formation followed
by the gravitational instability of the aggregate disk
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