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Proplems:
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.~ Dynamical stability
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Hyadrodynamical simulations: = ISMiaround
AGIN1Sfa multipnase fhilamentany, structire
(Wada & Norman 2002; Wada 2009, 2012)

15§ Vi
—3F SO0 =18 9. 2030

% [pel = L :

Image: J. Fritz



PUSIHNCHTORUSEMISSION

» Dust in the torus absorbs the

Incoming accretion disc
radiation and re-emit It in the

Infrared
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» Mid- to far-IR bump

» — 10 um silicate feature (Sii- O
‘stretching” mode) -
5T s s | Window! into dust distribution
o and chemical compostion

» In emission in type 1 AGN
» In absorption in type 2 AGN

Lutz+ 2000



SONE OUNSITANDBDINGISSUES

» |ntensity and position of the 10 pm silicate feature. Different
chemical composition, emissivity properties, geometrical effiects
(Nikutta+ 20009) ?

Clumpiness suppresses intensity: (Nenkova+ 2008)

— Total 3C249

— AGN Total AGN IR: 68.4%
--- ngc5253

» NIR excess when fitting observed SEDS (Polletta+ 2008; Mor+ 20009;
Ramos Almeida+ 2009; Alonso-Herrero+ 2011; Mor & Netzer, 2012; Deo+ 2011)



RADIATIVE TRANSFER CODE SKIRT

(Baes et al, 2003, 2011)
» Developed to investigate the effiects off

Stellan
: : dust extinction on the photometry and
Kl n el I latl CS kinematics off galaxies (Baes+ 2003)

I n C I u d I n g » Over the years, the code evolved into a

flexible tool that can model model a

Ra d | cl t | \ViS variety of dusty systems, e.g;
T ra n Sfe r » Variety off galaxy types (Baes+ 2010; de

Looze et al. 2010)

» 3D Monte Carlo radiative transfer code

» Post-AGB circumstellar discs (Vidal & Baes
2007)

» AGN dusty torus (Stalevski+ 2012)
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Viente Cano radiativer tiansier

CASINO SIMULATION FOR THE APPLE liG5

A large number of photon
packages are followed &e——@p =
individually through the dusty " ani( .
medium. of | y

TThe trajectory off each photon
package Is determined by
(pseudo) randem AuMmbers.

Clever tricks tor make MCRT simulations efficie
- continuoeus absorption
- Immediate re-emission
- frequency distribution adjustmen
- peeling-ofiff technigue
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PRIMARY SOURCE: ACCRENNOIN DISK

» Approx: central point-like energy source with Isotropic
emission

K2 0.001 < )\ < 0.01
A0 DOL= A= 0.1

i 0.1<\A<5
X 5< )\ < 1000

L =101 L,




NORUSHYIOBIEE

» Dust mixture: silicate and graphite
dust grains

» Dust grain size - MRN distribution:

dn(a) = Ca>°da

a: 0.005 - 0.25 um

» 3D Cartesian grid of cubic cells



BOIV EYSINVOSEIASIENVIIEDIOIVIE

High-density clumps, + low-density: adust between: the clumps
SMOOth aust adistrioution:
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Very high contrast

Clumps-oniy.



BOIV EYSINVOSEIASIENVIIEDIOIVIE

High-aensity clumps + Iow-density: dust between: the clumps
SMeoth dUst distrinution:
» 0) = p P cos(0) s
plr,0)=% "¢ : contrast=100

I
L
Flling fiactor & contrast

TWQ—JO'HEJSE meaium
I
uly

Very nign contrast

t aensity maps
Clumps-oniy. For different filling;



TORUSHIVIAGES




AF), [Wim]

1e-10 [

le-11 |

le-12 |

le-13 |

le-14 |

le-15 |

le-16

Total ——
Scattered — — —
Thermal -------

Primary source — - —

0.1

10 100 1000

AF), [Wim]

1e-10 [

le-11

le-12 |

le-13 |

le-14 |

le-15 |

le-16

'
'

|
|
|
|

Primary source (absorbed) — - — - —

o\
VYT

/I ol N
\ '
Al |
| b '

0.1 1 10 100

A [um]

Smooth

Two-phase — — —

197=10  Clumps-only -------

AF, [W/m®]




DEGENEACY dUENG andemiaiiangeEmEnt Bifthe
ClUMPS

Temperature map (meridio*al plane)
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Sllicate feature and NIR exXcess

» 10 um silicate feature
attenuated in the clumpy.
moedels. BUI" smoeoth models
are able to reproduce almost
the same range of the silicate
fieature strength

» [wo-phase models: more
pronounced NIR emission +

attenuated silicate feature: a » Roseboom+ 2012: observed
natural solution te the NIR L /L.« Fatio easily achievable
excess problem? in two-phase models

SKIRT4

(Stalevski et al. 2012, MNRAS)
nttps://sites.goeogle.comy/site/skirtorus)



ON-GOING WORK: SKIRTS

=
See ”

Adaptive octtree grid (Saftly et al. 2012)





https://sites.google.com/site/skirtorus/
https://sites.google.com/site/skirtorus/
https://sites.google.com/site/skirtorus/

NEAR EUNUREWORKISKIRING

R off multiphase, filamentary medium

gas ensity

Wada 2009




FUMUKENVOIRKE Polanzatieniin SR

» Observed polarization
properties can constrain
geometry of different
scattering regions in AGN:

DUsty terus
Equatoriall scattering region
Polar outilows

Polarization studies off AGNI and
circumstellar discs based on Monte
Carlo radiative transter studies

have been done before (e.q.
Goosmann & Gaskell 2007, Marin+
2012)

But not based on physically.
motived clumpy 3D geometries...



FUMUKENVVOIRKE Polarzatienin SR

Including polarization Into a Monte
Carlo radiative transfer code Is
relatively straightforward

use all Stokes parameters S =
(1,Q,ULV) Iinstead of just the intensity.

it 1S usually: assumed that radiation
IS unpolarized when emitted

scattering by dust grains polarizes
the radiation: use full Mueller matrix
Instead off scattering phase function
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» Stalevskii et al, 2012, MNRAS, 420, 2756

» hittps://sites.geogle.comy/site/skirtorus/
» Download model SEDs
» Images of torus (FINS) available upoen reguest

» SKIRTE http://Users.ugent. be/~mibaes/SKIRIE. htmi

» Otthh Serpian Conierence onl Spectral Line Shapes in
Astrophysics

Banja Koviljaca, Serbia, May 13-17, 2013
LR/ /MWAWAMESESISERMa ER G ChS/.
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