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Basic facts

Dust 1s present 1n all galaxies, for example in the Milky Ways it
obscures the view towards the nucleus (AV ~ 25 mag). This dust 1s
contained mostly in the spiral arms.

The Deep Sky

@ 2000, Axel Mellinger
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radio-quiet (RQ) AGN

dusty absorber
accretion disc
electron plasma
black hole
broad line region
narrow line region
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Dust properties: dust in nature

interplanetary
dust particle

D. Brownlee,
University of
Washington, and E.
Jessberger, Institut
fiir Planetologie,
Miinster, Germany,
wikipedia

Dust particle in
laboratory,

Volten et a
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C/1995 01 (Hole Bopp) vs. HD 100546

HD 100548 —

Hele—Bopp

—
=
=
e
x
2
[

Wavelength(um)

Fig. 5 Infrared spectra of the Young Stellar Object HD 100546 (top curve) compared to those of comet
Hale-Bopp (middle), both taken with the Infrared Space Observatory (ISO). The bottom curve shows a labo-

ratory spectrum of forsterite (van den Ancker 1999)
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But this is the end of
good news for the
standard torus.
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List of problems for the standard torus:

'static' torus shape cannot be supported by the thermal motion, so it
should be some sort of the dynamical structure (inflow or outflow)

the torus must be clumpy, otherwise the broad band spectrum and
the absorption/emission features cannot be explained

mapped IR emission is dominated by the polar emission, NOT
equatorial from the torus:
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List of problems for the standard torus:

'static' torus shape cannot be supported by the thermal motion, so it
should be some sort of the dynamical structure (inflow or outflow)

the torus must be clumpy, otherwise the broad band spectrum and
the absorption/emission features cannot be explained

mapped IR emission is dominated by the polar emission, NOT
equatorial from the torus

in high Eddington ratio sources (Narrow Line Seyfert 1 galaxies,
type A quasars) there 1s no gap between BLR and NLR
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List of problems for the standard torus:

'static' torus shape cannot be supported by the thermal motion, so it
should be some sort of the dynamical structure (inflow or outflow)

the torus must be clumpy, otherwise the broad band spectrum and
the absorption/emission features cannot be explained

mapped IR emission 1s dominated by the polar emission, NOT
equatorial from the torus

in high Eddington ratio sources (Narrow Line Seyfert 1 galaxies,
type A quasars) there 1s no gap between BLR and NLR, and the dust
can be mixed with BLR medium

dust can exist in the accrtion disk much closer than the dusty torus,
and can actually be the driver of the BLR




OUTFLOWING

ACCRETION .
DISK INFLOWING/OUTFLOWING

CLOUDS

Fig. 1. The BLR region covers the range of the disk with an effective
temperature lower than 1000 K: the dusty wind rises and then breaks
down when exposed to the radiation from the central source. The dusty
torus is the disk range where the irradiation does not destroy the dust

and the wind flows out.
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Dusty BLR vs. observationally based
1deas on dust/outflow geometry

Elvis M. 2000 Ap J. 545,63, (astro—ph/0008054)
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Dust origin in AGN

Dust 1n the torus and 1n the outer part of accretion
disk can come:

From outside

Produced 1n situ

The answer 1s not clear. Always solar or supersolar metallicity of
even high redshift quasars may seem inconsistent with low 1nitial
metallicity of the host but statistical studies clearly show strong star
formation, at least in the inner part.
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SF Madau & Dickinson 2012
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Dust origin in AGN

Dust 1n the torus and 1n the outer part of accretion
disk can come:

From outside

Produced 1n situ

Option 1n situ 1s also interesting. Outer parts of the disk can be
gravitationally unstable, leading to vigous star forming, with
predominantly fast evolving massive stars (e.g. Jermyn et al. 2021,
Cantiello et al. 2021).

However, the standard disk in the region of the effective
temperature ~ 1500 K allows to form dust directly in the disk

atmosphere, as in stars (Elvis et al. 2002).



log P [dyn em™%]

F1G. |.—Phase transition lines for O-rich (top panel) and C-rich (bottom
panel) dust precursor molecules (adapted from Lodders & Fegley 1999). The
hatched area is the dust formation region in the circumstellar envelopes of
evolved cool giant stars, delimited by the two cases of static and dynamic
(pulsating) AGB atmospheres. The thick solid line is the path of BELCs as
they expand, for two different values of their initial density.
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Summary:

“ 'static' torus cannot offer a description consistent with the theory and
with the data

© the BLR and the dusty outflow must be clumpy

© 1t 1s not clear 1f actually BLR ouflow can replace the 'torus', so we
would have just one structure

© observational constraints (mapping vs. time delays) may not be
probing the same region; time delays probes more the inner radius,
maps are more flux-weigthed), but tests are clearly possi
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Outline:

I. Well organized part .

II. Loose ends
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Standard view of BLR
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Standard view of BLR
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Summary of properties

- BLR clouds generally not seen in absorption (NAL cannot be
due to BLR ?)

- cover about 30 % of the sky from the point of view of the
central source (from luminosity)

- roughly 1n Keplerian motion

- occasionally with double-peak disk-like profiles

- there are separate LIL and HIL regions, with HIL blueshifted
(e.g. CIV) and LIL not blue-shifted (Hbeta, Mgll, Fell)

- Hbeta located 10 — 100 light days from the central region
(from reverberation)

- modelling of LIL frequently face energy budget problem
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FiG. 1.—Optical continuum (upper panel) and Hj3 (lower panel) light
curves from 1989 December to 2001 December. The data are comprised of
1530 continuum measurements and 1248 emission-line measurements. The
continuum fluxes are in units of 10~ ¥ ergss~! cm~2 A~ and the line fluxes
are in units of 10~ ergs s~! cm~2, The horizontal dashed line is an estimate
of the continuum contribution from the host galaxy (Romanishin et al.
1995) through the standard aperture used here (5370 x 7"5). Flux measure-
ments are in the observer’s reference frame and are uncorrected for Galactic

extinction.




Reverberation results

Close to 40 sources were monitored, delays measured.

Motion of BLR clouds consist of Keplerian component and
additional velocity component (neither outflo
Hbeta).

Statist

]Dg RELR[H)Bl = 1.538+£0.027+ 0.5 ID*LJ L44~5||[}|[].




BLR radial size

Assumptions: T eff = 1000 K gives the inner radius
T 1rrad spher = 1000 K gives the outer radius
(equal to the inner radius of the dusty)
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Fitting into global scheme —
observational aspects
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A Structure for Quasars
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Fitting 1nto global scheme —
theoretical aspects

Outflows were postulated before by many authors:

(i) Magnetically driven winds
(i) Radiation driven winds
- radiation pressure wind (1nner part)
- line driven wind (intermediate part)
- dust driven wind (outer part)
- NEWwith failed wind region of LIL BLR

Theory may ? match the qualitative picture of Elvis 2000



Figure 1: Flowlines
e High X-ray Warm Cold X-ray Slow Obscuring

of gas‘:: frc}m. 3 quanar lonization Absorber (WA)/ Eclipsers/  Cold dusty "Torus”
accretion disk gener- Xoray High ionization  Low Eclipsers

ated by QWIND (Elvis Absorber: BLR ionization

2012). Compton- and UFOs

Line-driving  regions o
are already included Line-driving CASEDRNIDE

in  QWIND. The Jot™ FailedWind  Wind

dust-driving region o

will be added by this
proposal.  Note the
linear axes in units of
Rs; angles are shown
correctly.




= |[R
o Radio
O IR$UV o 2000% ogy  (PLE)




T =027, 2073
Q,=03,0,=00
Q= 1.0,Q, =00

e log Rey g [HB] = 1.538 +0.027 + 0.5 10g Lys 5100,

NGC
+"'ll o -~ l NGC 7469

f

(Few) (omme)® “8o|

Redshift (z)




11. L.oose ends



First complications

- in theory, the expression for a monochromatic flux
contains cos i which must result in additional dispersion in
BLR location between the sources

In our derivation of disk effective temperature we assumed 39.2 deg for all
sources after Lawrence & Elvis 2010)

- in theory, the location of T=1000 K radius (i.e. BLR) 1n
stationary disk cannot depend on time but the measurement
1s possible due to non-stationarity
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Disk 1rradiation

The timescales within the outer accretion disks are thousands of
years (thermal timescale) and millions of years (viscous
timescale) but the reprocessing timescale is of order of a day.

However, I do not see how to reproduce linear reactio BLR
to the change of the irradiation flux.




Dusty wind computation
requirements

Radiation pressure acting on dust on dust particle

Global radiation field

Dust formation
Dust destruction

mics (density






Dust formation and destruction

Basic things are simple:

Dust particles (and graphen!) are hold together by intermolecular
forces, and the binding energy 1s of order of 0.1 eV

This 1s why dust particles do not survive at higher temperatures
than 1000 K.

Basic cross-section in dust formation o is 10> cm’®, corresponding
to a © D*, where D is distance between atoms in sand or ice.

a* i TG =l il ﬂr.."
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Figure 2. Chemical processes in different regions of the circumstellar shells around red
giants (from Patzer 1998).




AGB vs. AGN

Similarities: effective temperature, density in the
atmosphere

Differencies: gravity increasing/decreasing with hight
Temperature: increasing/decreasing due to extrenal
irradiation in AGN

Local process of dust formation should be the same, trends
with hight might be different

Important points in understanding of the stellar dust
formation:

- two-step process (coagulation and grain rise)

- many phenomenological assumptions and complex
chemisty needed to determine the grain composition
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Conclusions

BLR 1s quite likely related to the formation of the dust in the
accretion disk atmosphere

This stmple mechanism has important implications
AGN as cosmological probes

Ho ecific computi
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