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In memory of life and work

Alla |. Shapovalova started
the AGN monitoring in SAO

Victor L. Afanasiev was a founder
of the polarimetric investigations
of AGN




MAGIC (Monitoring of Active Galaxies by Investigation of their Cores)

More than 30 years ago Alla I. Shapovalova started the AGN
monitoring in SAO (Russia) at 6-m BTA and 1-m Zeiss-1000
telescopes + in collaboration with Serbia, Mexico...

variations of polarization

spectral monitoring of broad directions in blazars photometric reverberation
line profiles in Syl and CL-AGN mapping of BLR in broad- and
medium-bands

reverberation mapping of the
dusty torus in polarized light

spectropolarimetry of Type
1 AGN
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MAGIC (Monitoring of Active Galaxies by Investigation of their Cores)

More than 30 years ago Alla I. Shapovalova started the AGN
monitoring in SAO (Russia) at 6-m BTA and 1-m Zeiss-1000
telescopes + in collaboration with Serbia, Mexico...

variations of polarization

spectral monitoring of broad directions in blazars photometric reverberation
line profiles in Syl and CL-AGN synchrotron mapping of BLR in broad- and
1" medium-bands
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Alexander Burenkov

later today! Eugene Malygin earlier

today!

reverberation mapping of the
dusty torus in polarized light

spectropolarimetry of Type
1 AGN

equatorial scattering equatorial scattering

Luka Popovic earlier
today!

3/21



AGN polarization

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

o Polar scattering by ionization cone

o Equatorial scattering by dusty torus

SUPER MASSIVE BLACK HOLE

ACCRETION DISK

NLR
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200 2 30 W

POLAR WINDS

CIRCUMNUCLEAR REGION
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Polarization on the dusty terus region
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The equatorial / polar scattering
dichotomy repeats the Sy 1/ 2
classification.

The torus provides scattering of
radiation from the central parts,
which is called in this case the
equatorial scattering.

Line-of-sign Scattering region

BLR disk

line of nodes

Sy1

20 40 BO
IPA(polarization)—PA(radic)l, deg

rotating emission disk
/ equatorial

B, scattering element

5/21



Syl polarization in broad lines

dination ~0uB & BIBL STOKES modelling
M — 10 o 178 . [02a+10 R, Iy : Vs (Marin18)
BH-kep — G i COSZ(Q) = 1. 0052(9) o §

Afanasiev+14, Afanasiev&Popovicl5

log(V/c)

Equatorial scattered Sy 1 AGN Mrk 6 , : : :
« Observations with SCORPIO-2 at 6-m BTA in 2010-2013; R o —
« 12 spectra (Ha + HB) with 2800-3600 sec exposures and 7-8A T ' ' '

resolution;

*  Woll-1 + /2 plate; Stokes parameters accuracy ~0.2%.

In case of Keplerian-like motion
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Syl polarization in broad lines

tigiination —DiAS: & BiO8 STOKES modelling
M _ 10% R, _ 178 . [02a+10 Ry, : Vs (Marin18)
piter = G-cos’(f) cos®(6) < Vs

log(V/c)

Afanasiev+14, Afanasiev&Popovicl5

Equatorial scattered Sy 1 AGN Mrk 6 , : : :
« Observations with SCORPIO-2 at 6-m BTA in 2010-2013; R o —
« 12 spectra (Ha + HB) with 2800-3600 sec exposures and 7-8A T ' ' '

resolution;

*  Woll-1 + /2 plate; Stokes parameters accuracy ~0.2%.

In case of Keplerian-like motion
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Determination of the torus size

1. Reverberation mapping in IR and optics
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FiG. 1.—V (open circles connected with dashed lines) and K (filled circles
connected with solid lines) light curves of NGC 4151 nucleus in 2001. The
flux from the host galaxy is subtracted. The flux minimum of the K light curve
1s clearly delayed behind that of the J" light curve. The monitoring observation
was interrupted because of the solar conjunction at MJD = 52,130-52,220.
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Yang+20: +587 quasars at 0.3<z<2

+ Around 20 +587 AGNs are measured

- The simultaneous observations in IR
and optical bands are needed

Very long time series

2. NIR and mid-IR interferometry

NGC4151
z=0.003
56 million ly

NGC4051

Table 1. Properties of our targets and summary of the results of our KI observations on 15 May 2009 (UT).
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+ Around 20 AGNs are measured

- AGNs for very low-z AGNs
- Limited angular resolution
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Reverberation mapping in polarized light
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Observational test
Equatorial scattered Sy 1 AGN Mrk 6 (again!)

SCORPIO-2 + 6-m BTA = 12 epochs of spectropolarimetric observations in 2010-2013

Afanasiev+14:
= Polarized continuum region -
2 days (0.002 pc);

= BLR Ha - 22 days (0.02 pc) . _ _ _
The time delay in polarized line:

Da[ T ] e CCF:94.7 + 6.9 It days
» ed continuum | e JAVELIN (Mudd+18): 99.5 + 3.6 It days

Kishimoto+11, IR IF: 214 + 59 It days
Suganuma+06, theory: = 115 It days

Normalized CCF

» ] Difference:
B (i) Region is not resolved by NIR
interferometric observations;

(i) NIR maximum # sublimation radius
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Polarimetric RM at small telescopes

Like the photometric RM, polarimetric RM
in filters could be moved to small
telescopes — more time for monitoring

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 Mrk 509 Mrk 509 - Zeiss-1000 (SAO RAS) i
* spectropolarimetric observations could  5500: 20 22 09.75 -10 43 24.7 S | 625/?5','(;5@ o7 =
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ol AL 2/ .
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Polarimetric RM at small telescopes

] VIEW G:\MAGIC_obs-data\pZOOQZO\pOSQZSOS.fts‘ |
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Quadrupole double Wollaston prism in MAGIC Wedged double Wollaston prism in StoP

Double Wollaston prism (=one shot polarimetry) + differential measurements

allow us to achieve 0.1% accuracy of polarimetry
(Afanasiev+Amirkhanyanl2)
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The intraday variations of the polarization vector direction in blazars

Everything started with S5 07164714 —the bright BL Lac type object without redshift.
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The intraday variations of the polarization vector direction in blazars

(Impey+00), S5 0716+716
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Geometrical model

(Butuzova 2018,2020): magnitude variation due to the

Doppl
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could be explained with plasma rotation in
helical magnetic field

(Steffan+95, Li+18):

Z

+ precession

Distance from the 0.7 -103pc
precession axis

Precession period 15 days

Wi

0.00

-0.02

=3.04

-0.06

-0.08

0I5 T T

us

&

8
I

D150 . . 0L
-0.15 -0.10 -0.05

008 -006 -004 002 0.00 0.02 0.04 0.06

11.3

-0.00 0.05 a.10 ¢.15

af
14/21



S5 0716+714 — two years after

On January 16, 2020, an 8.5-hour monitoring of the S5 0716+714
blazar in polarized light was conducted with Zeiss-1000 + StoP — a
repeat of the 2019 observations at the BTA.

* Exp =440*60s, white light.

* the photometry accuracy is 0.005 mag.

e the polarimetric accuracy is 0.05%.
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S5 0716+714 — two years after
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The data obtained for S5 0716+714 on
Zeiss-1000 confirmed the results
obtained earlier with BTA:

v’ switching the direction of the
polarization vector at times of ~75
minutes;

v’ flux variation period 7610 minutes

Earlier at BTA:
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Figure 5. The variations of the normalized Stokes parameters Q and U
during the night on the QU-diagram.
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The result of wavelet analysis of the light
curve of the blazar S5 0716+714. The
maximum of the wavelet transform profile
corresponds to a brightness change
period of 76 minutes.
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Only about 2 hours of observations, but the
polarization changes are detected.
Blazar was in relatively low state.
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5 hours of monitoring, but no
significant changes at all!
Very low state.

The global question: does IDV
depend on the state?

More observations for statistics
are needed!
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Observations of blazars

* |DV on time-scales of hours;

 The estimation of the linear size of the field identifying with the
emitting region at ~1073 pc from the central BH;

* The polarization vector rotations marks the magnetic field

precessing;
 The similar pattern was found in other papers and also for BL Lac.

The search of IDV of polarization vector direction is not only a
key to estimate the size of the optical jet, but also provides a
critical test for the jet models.

Needs:
* high polarimetric accuracy
e really A LOT OF telescope time
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Tasks for a new device at Zeiss-1000 of SAO

AGN monitoring:

* Reverberation mapping of AGNs in broad lines with medium-band filters
(Haas+11, Uklein+2019, Malygin+2020)
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* The intraday variations of the polarization vector direction in BL Lac type
objects (Shablovinskaya+Afanasiev 2019)

* Reverberation mapping of AGNs in broad lines in polarized light
(Shablovinskaya, Afanasiev & Popovic 2020)
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Shablovinskaya, Afanasiev, Popovi¢ Measuring the AGN Sublimation Radius with a New Approach:

Reverberation Mapping of Broad Line Polarization, 2020, ApJ, 10.3847/1538-4357/ab7849
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