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Polarization is an additional parameter
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Miller+91

Point-source scattering
2D distribution →
3D clouds distribution

NGC 1068

Kishimoto+99
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AGN in polarized light



Orientation dependent
Smith+02

Antonucci+82
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AGN in polarized light



INSIDE

o Scattering – Thomson, Rayleigh, etc.

o Jet synchrotron radiation 

o Faraday rotation

OUTSIDE

o Polar scattering by ionization cone

o Equatorial scattering by dusty torus
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Polarization mechanisms
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Polarization mechanisms



AGN spectropolarimetry:
• 6m BTA/SCORPIO-2
• 8.2m VLT/FORS2
• 8.2m Subaru/FOCAS
• 10m SALT/RSS
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Observational technique



Wollaston prism Double 
Wollaston prism

Observational technique – basics 
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Observational technique



NGC 1068

Polarization – how to interpret

Polarized?

No Yes

Continuum Lines
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NGC 1068

Mrk 6 (Sy 1.5)
 Pol. cont. region – 2 lt days
 BLR H – 22 lt days

Afanasiev+14,15

Polarization in continuum: variability
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NGC 1068

Mrk 6 (Sy 1.5)
 Pol. cont. region – 2 lt days
 BLR H – 22 lt days

Afanasiev+14,15

Polarization in continuum: variability
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The polarized continuum 
region is 10 times 
smaller than BLR.

Accretion disk



NGC 1068Afanasiev+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.

𝑷(λ) ~λ𝒏

𝑷𝑙 ~
𝑷𝑙(0, 𝜇)

𝐵𝑧,⊥λ
2
~ λ( Τ𝑠 𝑝−2)

𝑇𝑒(𝑅) ~ 𝑅−𝑝

𝐵(𝑅) ~ 𝐵𝐻(𝑅𝐻/𝑅)
𝑠

Silant’ev+07

Magnetic field 𝐵(𝑅)
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Polarization in continuum: accretion disk



NGC 1068Afanasiev+18: SMBH spins 

𝜇3/2𝑙𝐸 = 0.201
𝐿5100

1044𝑒𝑟𝑔 𝑠−1

3/2
𝜀(𝒂)

𝑀8
2

𝑃𝑙: observations vs. Sobolev-Chandrasekhar theory ⇒ 𝜇 = cos2(𝑖)

൝

𝜀 𝑎 ⇒ 𝑎

47 type 1 active galaxies

Kerr supermassive 
black holes
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Polarization in continuum: SMBH spin



Polarization in continuum
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Piotrovich+21



Polarization in continuum

J0853+77 = LEDA 3095839
< 𝑃 > = 0.9 ± 0.4%
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NGC 1068

P, %

Ftot

STOKES modelling 
(Marin18)

Smith+05

Broad lines are originally 
unpolarized
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Polarization in broad lines



NGC 1068
In case of Keplerian-like motion:
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Polarization in broad lines

Afanasiev&Popovic15
Afanasiev,Popovic&Shapovalova19



Savic+20

17/23

Polarization in broad lines: SBS 1419+538



Savic+21

𝑧 = 1.862
𝑅𝑠𝑐 = 2041 ± 683 lt days

9.67 ± 0.27

-1.95 ± 0.13

Polarization in broad lines: SBS 1419+538
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SMBH mass – spectropolarimetry

 Only geometrical effects

 Only 1 epoch is needed

Independent from the inclination!

sin2 𝑖 =
𝑅𝐵𝐿𝑅𝑣

2

𝐺𝑀𝑆𝑀𝐵𝐻
𝑝𝑜𝑙

The dependence between BLR inclination 
angle and galaxy inclination

Afanasiev+19

Polarization in broad lines: SMBH mass & inclination
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Equatorial scattering in both(!) Hα and Hβ lines, but
not in Hγ line.

𝑅𝑠𝑐 = 157 lt days
𝑖 = 14.3 ± 3.6°
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Polarization in broad lines: VII Zw 244



NGC 1068

Polarization in broad lines: SMBH mass
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NGC 1068
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Polarization in broad lines: SMBH mass



𝑅𝑠𝑐 ≈ 157 ld
(Afanasiev+19)

Polarization in broad lines: 𝑅𝑠𝑐
Shablovinskaya+2020

𝑅𝐵𝐿𝑅 ≈ 30.7 ld 
(Malygin+2020)

𝑅𝑑𝑢𝑠𝑡 ≈ 350 ld
(Lyu+2019)
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VII Zw 244:
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VII Zw 244:

Eugene’s talk later today!



1. Polarization in continuum

2. Spectropolarimetry in lines

3. RM in polarized light

4. Rapid polarization variability 
in BL Lac objects

MF in AD 𝐵 𝑅 , BH spin and AD size 

gas kinematics and𝑀𝑆𝑀𝐵𝐻 independent 
from the inclination angle

inner radius of the scattering region 𝑅𝑠𝑐

jet MF configuration and size

Silant’ev+07, Afanasiev+11, Afanasiev+18, Piotrovich+21, Shablovinskaya+22

Shablovinskaya+20, Shablovinskaya+22

Smith+05; Afanasiev&Popovic+15; Afanasiev+19; Savic+19 etc. 

Shablovinskaya&Afanasiev19, Shablovinskaya+23
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Summary
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Eugene’s talk later today!

My talk on Thursday!

https://ui.adsabs.harvard.edu/link_gateway/2020ApJ...892..118S/doi:10.3847/1538-4357/ab7849
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Future perspectives

(Marin & Stalevski 2015) (Kudoh et al. 2023)
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