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Radiation polarization in AGN

           Polar scattering region 
(optically thin gas & dust)

    i ~ 0°, scattering ~ 0 (E ⊥), direct view of 
accretion disk (E ) and jet (E ⊥) 

      Dusty torus, 
size~ 1018cm

          BLR,     
size~1017cm

      Accretion disk 
size~ 1015cm

   BH, M~108M .     
Rg~1013cm

        Equatorial scattering region   
(two-component matter BLR)

Jet 

      viewing angle, i

Ionization cone     i <45°, equatorial scattering > 0, (E )

     i ~ 90, polar scattering > 0 (E⊥), 
visibility BLR in polarized light

BL Lac, RG, radio-quit QSO, 

UV-polarization  in cone ionization

      BL Lac, RG, radio-quit QSO, 
UV-polarization  in cone 
ionization

Sy1, radio-lobe QSO , Bal QSO

      Sy2, 



  

Possible mechanisms of polarization 
of radiation in AGN

  polarization of radiation in the field of a rotating black hole
 radiation transfer in optically thick accretion disk  

  (electron scattering)  
 radiation  depolarization at  Faraday rotation in magnetic 

  field
 synchrotron radiation of the jet
 scattering in optically thin gas & dust cone ionization



  

Observation tasks in  optical range 

 comparison of polarization in  continuum and  lines, both for  

  NLR and  BLR ( to check the unified model )
 search for broad lines in polarized light in  Sy2

 dependence of polarization on redshift ( Lα-forest )

 polarization variability  - jet and outflows, nonhomogeneous  

  BLR,  instability in accretion disk (AD)
 dependence of continuum polarization on wavelength –

   mechanisms of scattering, estimation of magnetic field in (AD)



  

Polarization measurement.I 

Universal focal reducer  SCORPIO in 
spectropolarimetric mode (Afanasiev & 
Moiseev, 2005)

Analyzer of polarization – turnet on the fixed 
angle  α (0° or 45°) Savart plate 

Io

Ie

Instrumental polarization ~ 0.2%

Io(λ) - Ie(λ)R(λ)
Io(λ)+ Ie(λ)R(λ)  U =                              = P sin(ϕ - ϕ0) ,  α =45° 

Io(λ)R(λ) - Ie(λ)
Io(λ)R(λ) + Ie(λ)Q =                             = P cos(ϕ - ϕ0) ,   α =0°  

P=    U 2 + Q 2   ,  ϕ = arctan (U/Q) /2 + 
const

α =0°

α =45°



  

Polarization measurement.II

Instrumental polarization :   linear  one < 0.05%    circular  one  <0.01 %

 Io  – Ie

 Io + IeU = 0.5(      )  – 0.5(      )Io  – Ie

Io + Ie 22.5°  67.5°

 apochromatic turned phase plate λ/2   ( phase variation ± 0.03 rad)

Io  – Ie

Io + Ie Q=0.5 (      ) – 0.5(      )Io  – Ie

Io + Ie 45°0°

Focal reducer SCORPIO-2, mode spectropolarimetry 



  

Depolarization: effect of the 
atmosphere of Earth
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Number of cycle (interval 600 s)         Measurements of Stokes parameters Q and U without correction depo-

       larizations (top) and after corrections (bottom) for blazar S50716+71



  

Systematic errors through 
polarization measurements

• Instrumental polarization (Mueler matrix is 
non-diagonal)

• Depolarization in the Earth atmosphere 
depending on zenit distance and a 
parallactical angle

• Interstellar polarization

P intr

PISM

PatmPobs

Q

U



  

Comparing I and II methods



  

 Statement of the problem:
  The physical conditions in accretion disks around 
supermassive black holes essentially do not allow a 
direct method of magnetic field measurement
the value of magnetic field in  accretion disk can be 
estimated on the basis of taking into account 
depolarization on Faraday rotation (Gnedin & Silantiev, 
1997)
 polarization measurement  in optical continuum  of 
QSO  or  Sy1, where effects of scattering  at dust 
torus can be neglected 

 comparison of the received estimates of magnetic  
field strengths near the BH horizon with various 
models

Measurement of magnetic field in AGN



  

Sample objects:

  nearby  QSO or star-like Sy1 with  z < 0.5 
  galactic latitude b>30°

  lack of radio emission and bright jets
  reliable estimates of mass of the central black 

  holes
 measured luminosity of accretion disks and width 
of hydrogen lines

Measurement of magnetic field in AGN



  

Observation at 6-m telescope λn

  observation of the AGN sample were carried out 
in the autumn 2008 and 2009 in the course of the 
observation program «Magnetic field in AGN» (PI 
T.M.Natsvlishvili) during 6 nights

 polarization is measured in continuum at 5100 A 
(for z=0) and power index n in the relation P~λn 
for 15 QSO and star-like Sy1 of 14.5-16.3 
magnitude in a range of redshifts 0.045-0.466

 accuracy  estimates of polarization are 0.15-0.3 
%, those for index  n of about 0.2

Measurement of magnetic field in AGN



  

Measurement of magnetic field in AGN



  

Measurement ofmagnetic field in AGN



  

Empirical relation 

Measurement of magnetic field in AGN

   Significant  correlation of the  polarization properties 
with masses of SMBH specifies that observed 
dependences are produced by physical mechanisms in 
accretion disk



  

 Anisotropy in the hot-gas density distribution in AD => 
Thompson scattering => linear polarization;
  If the  magnetic field is not strong (B < 106 G ) to provide 
optical anisotropy of the medium, then the real optical anisotropy 
can result from the Faraday rotation of the polarization plane on 
the photon mean free path in the medium (Gnedin and Silant’ev 
1984), that results in strong dependence of the polarization on  a 
wavelength;

 For  accretion disk with the temperature distribution  Te( R ) ~ R-p  
and of a magnetic field dependence on radius  B( R ) ~ BH ( RH/R ) s  

Pl (0,µ)
Bz,⊥ λ2

Pl  ~                     ~ λ(s/p-2)   (Silant’ev at al., 2007)         

the quantity Pl (0,µ)  is well known from the theory of polarized 
radiation transfer (Sobolev 1949) and  can reach 11.7%. Strength 
of a magnetic field at the horizon BH was calculated within the 
magnetic coupling model BH=cB (2M)1/2/Rg (Ma et al., 2007)

Computation of magnetic field

.



  

Estimation of the magnetic field strength for the AGN sample 

BH ~ 1000 G !! (Afanasiev at al., 2011, Astron.Letter, v.37, p. 302)



  

Variability of the polarization properties
For  some Sy1 

Observations of variability of the 
spectropolarimetric  properties of AGN  were 
carried out within three observation programs 
at the 6-m telescope during 2008- 2012:

 «Magnetic field in AGN» (Natsvlishvili)

 AGN spectropolarimetry' (Shapovalova)

 2D-spectrophotometry of SyG (Afanasiev)

   Below results of spectropolarimetry for two 
objects - 3С390.3 and Mkn6 - are presented



  

Variability in 3C390.3. Example spectra 



  

Variability in 3C390.3. Resulted table 



  

Variability in 3C390.3 

Continuum Flux at 5100Å for z=0           Linear polarization  of continuum

 Angle plane of polarization of continuum Velocity shift polarized broad Hα emission



  

Variability in 3C390.3. Relation



  

Variability in 3C390.3. Turn of the polarization plane 

E 

E ⊥ 

jet

accretion disk

θ

~ 4θ

θ  ≈  8° 

Direct view  of the accretion disk and  jet in continuum

observed  polarization is superposition of two non-colinear vectors



  

A sketch of the nuclear region in 3C 390.3. 
The conical shape of the BLR2 associated with the  
outflow arises from a large fraction of the continuum 
radiation  being   beamed into a cone with a half-
opening angle ~ 30 deg. (Shapovalova et al., 2010)

Variability in 3C390.3. Composition of two polarizations

E disk Ejet

Q

U

 In continuum - 
composition of   TWO 
VARIABLE polarization 
vectors from  disk (||) 
and jet (⊥)

 In Hα - polar scattering 
(depolarization) in plane 
⊥ jet direction  at hot 
subrelativistic outflow 
with velocity ~103 km/s



  

Polarization Mkn6. Example spectra 



  

Polarization variability of  Mkn 6 in continuum



  

Polarization variability of  Mkn 6 in continuum

Kharb et al., 2006, ApJ, v.652, 177-188 

Comparing optical and radio data



  

Polarization variability  in BLR of Mkn 6

Smith et al., 2002

Oct 1998 Now 2010 Aug 2011 Nov 2011 Feb 2012 Apr 2012



  

Equatorial scattering from BLR

Precessed jet

Accretion disk

Different angular velocity of rotation and spin direction  
at three regions: accretion disk, BLR-disk and dusty torus

The fantasy on the polarization in Mrk 6
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