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Figure 1. Observed spectra of components A (solid line) and B (dashed line)
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a gaseous outflow
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THREE-DIMENSIONAL SPECTROSCOPIC STUDY OF THE LINE-EMITTING REGIONS OF Mrk 493

L. C. Porovic! 2, A. A. Smirnova®, . Kovacevich 2, A. V. Moiseev, AND V. L. AFANASIEV
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Figure 10. The flux ratio of [Qm/HE lines versus [N ul/He (a) and th
map of Mrk 533 with regions for which this ratios are found (b). The He
isophotes are overlapped on this map. The full circles in Fig. 4{a) represen
the calculated ratio by Dopita & Sutherland (1993). where “shock plus pre
cursor” models were used. The calculated values are for the shock velocitie
of 200, 300 and 500 km s ! (the values are given near the full circles).



- Very productive collaboration between SAO and AOB
- More than 50 papers, more than 25 in leading astronomical journals
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Tuesday, August 24, 2021

SPECIAL SESSION DEDICATED TO VICTOR L. AFANASIEV: AGN Polarization

Chair: L. C. Popovi¢
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Martin Roth

Alexei Moiseev

Roman Uklein

Eugene Malygin

Coffee break

Multi Object Methods for finding and study QSO's and Galaxies - VIDEO

25 years of integral field spectroscopy - from the BTA to the VLT - VIDEO
Observations of large-scale ionizing cones in Seyfert galaxies - VIDEO
Universal reducer for smalf telescopes - VIDEO

The photometric reverberation mapping of active galaxies in SAO RAS - VIDEO
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Chair: 5. Dodonov
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Luka €. Popovié
Elena Shablovinskaya
Alexander Burenkov

Borde Savic
Daria Kozlova

Alina lIkhsanova

Lunch break

Polarnization in broad emission lines of active galactic nuclei - VIDEO

New capabilities of AGN polarimetry - VIDEO

Monitoring of Seyfert 1 galaxies at the Special Astrophysical Observatory of the Russian Academy of
Science - VIDEO

EBroad emission line polanzation of lensed quasars - VIDEO

lonized-gas clouds in the 2MASX J013130.00-062550.8 galaxy

Gas and stars in the Teacup quasar - VIDEO



Optical emission of AGNs —
different emission regions!

Type 1 or Type 2 A K ca° Type 1
AGNs? Very

important:

- dust => rate of
accretion

- dust distribution
with respect to an
observer

(Hoenig 2019) =>




Possible sources of AGIN polarization
(Shablovinskaya & Afanasiev 2019, OpenAst, 28, 213)
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Polarization of AGNs - a simple (UNIFIED) model
(e.g. NLS1, see Popovic, Afanasiev et al. 2018)
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AGN polarization

MNRAS 440, 519-529 (2014) doi: 10.1093/mnras/stu23 1
Advance Access publication 2014 March 11

Variability in spectropolarimetric properties of Sy 1.5 galaxy Mrk 6

V. L. Afanasiev,'* L. C. Popovié,23# A. I. Shapovalova,! N. V. Borisov! and D. Tli¢>#

THE ASTROPHYSICAL JournaL LeTTERS, 800:L35 (4pp), 2015 February 20 doi: 101088204 1 -8205/800/21L35
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POLARIZATION IN LINES—A NEW METHOD FOR MEASURING BLACK HOLE MASSES IN ACTIVE
GALAXIES

VicTOR L. AFanasiev' anp Luka C. Porovié™*

i
MNRAS 482, 40854999 (2019) doi: 10.1093/mnras/sty2995
Advance Access publication 2018 November 10

Spectropolarimetry of Seyfert 1 galaxies with equatorial scattering: black
hole masses and broad-line region characteristics

V. L. Afanasiev,' L. C. Popovié®>* and A. I. Shapovalova'

THE ASTROPHYSICAL JournaL LeTTERS, 921:1L21 (6pp), 2021 November 1 hitps: / /doi.org /10,3847 /204 1-8213 fac2d30
© 2021. The Aucthor(s). Pablished by the American Astronomical Socicty.

CrossMark

The First Supermassive Black Hole Mass Measurement in Active Galactic Nuclei Using
the Polarization of Broad Emission Line Mg I

Porde V. Savi¢'”, Luka C. Popovi¢™, and Elena Shablovinskaya®



Broad line region & SMBH mass, velocity & radius;
radius & Luminosity — first case Mrk6

Mkné, date 2012-02-14, JDSS971
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Figure 2. The spectrum and its polarization parameters observed on 2012 . -AV
Feb 14. From top to bottom: the observed spectrum of Mrk 6, parameters 0 3764 0 ?406 8578 14750
and U and corresponding percentage (p) and angle () of polarization. The Velocity (km/s)
thin lines represent observed and the thick lines represent corrected spectra
for the 1SM polarization.
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Type 1 AGN: Equatorial polarization in
broad lines (Smith et al. 2004,2005) - BLR
gas motion — specific PA shapes!

Broad line P.A.
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R./ Rsc = tan()

Rsc = const.

line of nodes




Polarization in the broad Hc
Equatorial scattering - idea '
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V vs. tan(¢) — direct evidence of Keplerian motion
in the BLR of Mrk 6, Afanasiev et al. 2014
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Observed P.A, Afanasiev & Popovic 2015
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Theory vs. Observations
SavicC et al. 2018
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Theory vs. Observations
SavicC et al. 2018
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Black hole masses for 30 Type 1 AGNs

Afanasiev, Popovi¢, Shapovalova 2019, MNRAS,
482, 4985

Observations with 6m telescope SAO RAS

> 6-m telescope + SCORPIO, spectral coverage 4000-8000 AA

» Different type analyzer — Savart plate, Single and Double
Wollaston prisms

> Spectral resolution 5-40AA,
> Polarization measurement accuracy ~ 0.1-0.3%
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Black hole masses for 30 Type 1 AGNs

- Afanasiev et al. 2019
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Dimensions of the BLR

PCOB44+35349, Rec=236 ligth days
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Dimensions of the BLR

Afanasiev et el. 2019

The maximal (Rmax) vs
photometric  BLR  (RsLr)
radius. The solid line

represents the best fit
Rpir = (0.31 £ 0.17)Rmax
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What is with other lines, e.g. Mg II?

[O III]4959, 5007

/
i




Nomalized inten

What is with other lines, as e.g. Mg Il BLR —
seems to be complex (Popovic et al. 2020,

IVI N RAS 484 3 180)

:"“
/

= _1l5 _10 |5 ty(61000kr151/) * 1l5 & / | '
% Savic et al. 2020, MNRAS,
o 497, 3947 — model, BLR

Mol-core 4 with outflows/inflows
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Mg Il
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Quasar SBS 14194538, spectroploarometric
observations of Mg Il (Savic, Popovic, Shablovinskaya

2021 ApjL, 921, L21)

SBS1419+538 was observed with
the 6-m telescope BTA of SAO
RAS with the focal reducer
SCORPIO-2 (Afanasiev &
Moiseev 2011)
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Fig. 5: The Mg II spectral region ( 1st panel), the  and U Stokes



Relative intensity

Quasar SBS 1419+538, spectroploarometric observations of Mg
Il (Savic, Popovic, Shablovinskaya 2021)
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* Teopuja n nocmaTtpatba: CnekTpononapusaumnja u
rpaBUTaLMOHa COYMBA

A&A 634, A27 (2020)
https://doi.org/10.1051/0004-6361/201936088 tronomy
©ESO 2020 Astrophysics
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TeNecKonom co4vmea
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CNEeKTPOCKOMCKM
*  MPFS 2007
* SCORPIO 2008
* SCORPIO-2 2018
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* Moryhe objalrberpe je yTuuaj coumBa Ha Ae0 LWNPOKOIOHNJCKOT PErMOH

 BLR je BepoBaTHO A0CTa BE/JIMKM Aa 6K MOr/I0 MMKPOCOYMBO Aa YTUYE Ha
YKyNaH nHTteH3ute nnuunje, mehytmm C IV noKasyje nojayarbe naaBor Kpuna
LITO YKa3yje Ha eMUcujy mnalosa nbayeHe matepumje!

outflow bump

blue wings red wings




* [lonapu3auuja — pasnnKa nasmehy KOMNOHEHTU, KomnoHeHTa D
Kao la MeHa Nofapum3aLmMoHe napameTpe
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