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Polarization!

Why?

How to?

What?




Observational properties of AGN

1. Non-thermal emission with radio, IR, UV and X-ray excess.

The emission is concentrated in <1 pc region and contains up to 90% of the
galaxy luminosity
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Observational properties of AGN

2. Emission lines.

Broad emission lines — up to 10.000 km/s (Balmer, Mgll, Ol, NII...) + highly
ionized narrow lines — up to 1000 km/s ([Oll], [OlII]...)
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Observational properties of AGN

2. Emission lines.

Broad emission lines — up to 10.000 km/s (Balmer, Mgll, Ol, NII...) + highly
ionized narrow lines — up to 1000 km/s ([Oll], [OlII]...)
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Observational properties of AGN

3. Rapid variability
Long-term (years+), short-term (hours!), spectral. The key point — small sizes.

e.g. S5 0716+714: Shapovalova+19: NGC 3516
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Observational properties of AGN

4. Polarization

Polarization is an additional parameter of the radiation helping to resolve the

structure.

. NGC 5793
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Observational properties of AGN

4. Polarization

Polarization is an additional parameter of the radiation helping to resolve the

structure.
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Observational properties of AGN

4. Polarization

Polarization is an additional parameter of the radiation helping to resolve the

structure. @ @

physical state kinematics volume distribution
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Polarization mechanisms

Nlﬁ-clouds

INSIDE

o GR effects near spinning SMBH
o Thomson scattering in AD

o Scattering in hot corona

o Jet synchrotron radiation

o Faraday rotation

OUTSIDE

dusty torus

o Polar scattering by ionization cone

o Equatorial scattering by dusty torus \ 0 \‘ ® ',




Polarization in Sy
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Polarization in Sy
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Polarization in AGNs

«Why» conclusions:

* Polarization is a marker of inner physics
* Polarization is a unique tool to resolve the structure

and kinematics

* Polarization helps to reconstruct 3D image




Observational techniques
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Observational techniques

1. Depolarization in

atmosphere oss- :
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Observational techniques

1. Depolarization in
atmosphere
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Observational techniques

2. ISM _Q(ISM)= 0.640.23%
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Observational techniques

«How to» conclusions:

* |ISM and atmosphere are the sources of
depolarization

 Polarization is a vector




Polarization in continuum

Afanasiev+11: if the Faraday rotation on the photon mean free path in the process of
scattering by electrons is taken into account, then the polarization and its dependences
on the wavelength are completely determined by the magnetic field.
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Polarization in continuum

Afanasiev+11: if the Faraday rotation on the photon mean free path in the process of
scattering by electrons is taken into account, then the polarization and its dependences
on the wavelength are completely determined by the magnetic field.
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Polarization in continuum

Afanasiev+18: SMBH spins
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Polarization in continuum: variability
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= Polarized continuum region -
2 days (0.002 pc);

= BLR Ha - 22 days (0.02 pc)
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Polarization in continuum: variability

3C390.3 Mrk 6
' Ls L Ll l LJ L] L L l Ll Ll L L l l
Lol «— disk 1 i
| Jet N/ I
| < obs
ye e 0.5F =
\_"T U; b
- -
]
N v
1 L,
> = ’ & |
N 0.0F =
= -0.5F rodio-jet direction
. . . 1 ) A s ) L l A s ', A l A " e A " l
C . 0.0 0.5 1.0 1.5
Q—-Stoks, % Q-Stoks, %

The observed polarization in continuum is the vector sum
of the disk and jet polarization.



Polarization in broad lines

Savic+19, in print Quasi-spherical
, distribution of

clouds (inside
» O torus):
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Polarization in broad lines

to the observer

BH rotation

Broad lines are originally unpolarized. g =
The polarization is produced by 28|
equatorial scattering.
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Polarization in broad lines
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Polarization in broad lines
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Polarization in broad lines
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Polarization in broad lines: mass estimation

2
SMBH mass — reverberation mapping _ f (% RBLR

m  Gasis virialized.

= BLR size as a time-delay in Balmer
line: Rg;p = CT. 3

" v isobtained from the line width:
vV = V,pe/ Sin(i) - i is unknown.

= fistotally unknown. 0

Too many parameters are unknown and
unobserved.
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Polarization in broad lines: mass estimation
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Polarization in broad lines: disk inclination

Afanasiev+19 5 S I I ;
As the mass is estimated, the inclination angle . J:}
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Polarization in broad lines: mass estimation

Type 1 AGN SBS 1419+538

* Spectropolarimetry with SCORPIO-2 at 6-m
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Short-term polarization variability

Blazars ES&Afanasiev19 Impey+00
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Short-term polarization variability

Li+18: CTA 102
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Conclusions

* The polarization in continuum is produced in magnetized AD
(0.001-0.01 pc) and depends on:
- MF in AD B(R);
- Mgy gy and BH spin.

T

* The polarization in continuum consists of the constant disk and

the variable j—et).
* The polarization in broad lines resolves the gas kinematics in
BLR (~0.1 pc) = more accurate SMBH mass estimation,
independent from the inclination angle.
* Short-term variability of the polarization vector in BL Lac type
objects marks the plasma kinematics inside the jet = the jet
magnetic field structure.




