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What Is the dusty torus?
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Torus is the key point of the UM!




What Is the dusty torus?

infrared emission

The torus structure today

seems a bit more
complicated...
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AGN polarization

INSIDE 5

o GR effects near spinning SMBH
o Thomson scattering in AD
o Scattering in hot corona
o Jet synchrotron radiation
o Faraday rotation
OUTSIDE

o Polar scattering by ionization cone

o Equatorial scattering by dusty torus




Determination of the inner radius

1. Reverberation mapping in IR and optics

Around 20 AGNs are measured.

T

12.5F

—_

W

o
T

V magnitude

1 9.0

(o)
o
K magnitude

Minezaki+04

Hard to do simultaneous
observations in IR and optical

bands.



Determination of the inner radius

2. NIR and mid-IR interferometry

Around 20 AGNs are measured.

AGNs only at low redshifts.

Table 1. Properties of our targets and summary of the results of our KI observations on 15 May 2009 (UT).

Name z° Scale? Ezv¢ B, PA % Ring’ R, Ay
COIT. (pcmas™') (mag) (m) (°) (mas) (pe) (pc) (mag)
NGC 4151 0.00414 0.086 0.028 85.0 123 0.862+0.018 045+0.04 0.039+0.003 ~0.044+0.011
NGC 4051 0.00309 0.064 0.013 794 419 0.861+0.026 0.51+0.05 0.032+0.003 ~0.011=+0.004
MRK231 0.0427 0.84 0.010 744 443 0.923+0.028 0.38+0.07 0.32+0.06 1.3"
IRAS 13349+2438 0.109 2.0 0.012 850 345 0.869+0.016 044+0.03 0.88+0.05 0.93*
@ CMB corrected value from NED.? Hy = 70 km s~ Mpc™!, Q,, = 0.3, and Q, = 0.7. ¢ Galactic reddening from Schlcgel et al. (1998). 4 Projected

baseline lengths. ¢ For objects with multiple measurements, V2 data shown are at the longest baseline length, except for NGC 4051 where the one
with a smaller error is shown. / Thin-ring radius (best-fit values if multiple data are available). ¢ Mean and standard deviation of the reverberation
measurements from 2001 to 2006 by Koshida et al. (2009) for NGC 4151, and from 2001 to 2003 by Suganuma et al. (2006) for NGC 4051. * 1acy

et al. (1982). | Wills et al. (1992).
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Determination of the inner radius

What we could find out?

« Now theory connecting the dust temperature and sublimation
distance (Barvainis92) is not in an agreement with observations.

* SpPol method of estimation (Afanasiev&Popovic15) needs the
distance from the scattering region.
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Fig. 4. Dust sublimation radius given by Barvainis (1987; solid
line) for Ty,=1500K and grain size =0.05 ym as a function
of UV luminosity Lyy, as compared with K-band time-lag radii
R, for various Type | AGNs (Suganuma et al. 2006 and refer-
ences therein). For the latter, Lyy = 6 vL,(F) 1s assumed, and
afit in R, o L'/? given by Suganuma et al. is shown in dotted
line. The dashed line is a rough estimation of K-band emitting
radii for an untruncated standard accretion disk. Also plotted are
_the interferometrically-measured radial sizes approximately per-
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Reverberation mapping in polarized light
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Reverberation mapping in polarized light

Scattering
region

Rprp = cAtp =c- (ty — t)
Rse = cAmyz = c- (t3 — 1)

The idea is to observe
polarization only in line not
to be confused with extra
polarization mechanisms.
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Figure 1. Variations in total U-band flux (top curve) and B-band polarized flux
(lower curve). The polarized flux has been multiplied by a factor of 30 for
plotting convenience. The polarization position angles in both wave bands are
consistent with each other and remained nearly constant at 92° + 176 during the
whole observational campaign. The two curves are fourth-order polynomial fits
through the data.

Not succeeded. Gaskell+12




Observational test

Type 1 AGN Mrk 6 2019 IIIIIII 20.1.1 IIIIIII 2.0.1.2 IIIIIII 2.0.1:.3 IIIIIII 2.014

«  6m BTA + SCORPIO + WolI2 + A/2 plate _1[; N ’
* spectropolarimetry 0.9 N
« 12 epochs 0.8 1

= Polarized continuum region - 2 days 0.71
(0.002 po);

1.2 _

= BLR Ha - 22 days (0.02 pc) 11k ]
\\\\\\\\\\\\\\ 10| i

LT T f 0.9 -

Normalized CCF

0.0

1.3 Fluxat 51004 ]
1.2 —

1.3 Fluxin Broad Hex | | | —

(®) polarized continuum 0.8 :_ _:
0.7 , , : :

1.3 [~ Polarized flux in broad Ha _
1.2 s
1.1 S
1.0{ |
0.9 s
0.8 _
0.7L .

(O) broad component Ha

,,,,,,,,,,,,,,,, 600 800 1000 1200 1400

e e JD - 2455000 Afanasiev+14




Observational test
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Observational test
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Conclusions

The scattering radius of the torus indicates the radius of sublimation,
that may differ from the region of the IR maximum dust temperature.

Advantages:
 independent from the inclination
 spectropolarimetric observations could be replaced with
photopolarimetry in narrow-band filters

Disadvantages:
 contribution of polar scattering?
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