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Optical emission of AGNs –
different emission regions!

Radio jet  

BH
ADDisc-like  BLR

Optical jet

Torus

The structure can be more complex. 
Emission in the optical is coming from 
different AGN regions + host galaxy

Star-light, 
starbursts, etc.  

Оutflowing BLR



Optical emission of AGNs –
different emission regions!

Type 1 or Type 2 AGNs? Very 
important:

- dust => rate of accretion

- dust distribution with respect 
to an observer

(Hoenig 2019) => 

Redefining the torus 11

H2O masersCO/HCN/HCO+

sub-mm emission lines

infrared emission

near-IR continuum H2 emission line mid-IR continuum

Figure 4. Schematic view of the multi-phase dusty molecular environment of an AGN. The central picture has all empirically
identified components plotted on top of each other (see Secs. 2 & 3). The top row shows those components of the multi-phase
structure that can be detected by IR continuum observations (top left: near-IR, top right: mid-IR) and near-IR H2 emission
lines (top-middle panel). The bottom row shows the view in commonly observed sub-mm molecular lines (bottom-left) as well
as by the H2O maser emission. The arrows indicate the kinematics of the respective emission lines (without the rotational
component).



Possible sources of AGN polarization
i ~ 0°, scattering ~ 0 (E ^), view direct to accretion disc (E 
çç)  and jet (E ^) , high polarized, synhotronic blazars

Dusty torus, 
size~ 1018cm

BLR,     
size~1017cm

Accretion disk size~ 
1015cm (E||)

BH, M~108M .     
Rg~1013cm

jet (E^)

i <45°, equatorial 
scattering> 0, (E çç), Sy 1

i ~ 90, polar scattering> 0 (E^), “hidden”
BLR in polarized ligth, Sy2

Polarization in continuum 
üradiative transfer in AD
üSynchrotron radiation in jet
üscattering by gas-dust torus

Polarization in lines
üscattering by gas-dust torus
üradiative transfer in the BLR



Polarization of AGNs - a simple (UNIFIED) model
(e.g. NLS1, see Popovic et al. 2018)

Orientation is important !

Blazars, 
high pol.



Resolving the BLR of AGNs using
polarization!

§ BLR characteristics

§ measuring SMBH masses in AGNs (Afanasiev
& Popovic 2015)



Type 1 AGN: Equatorial polarization in 
broad lines (Smith et al. 2004,2005)  - BLR 
gas motion – specific PA shapes! 

Broad line shapes

Broad line P.A.
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Polarization in the broad Ha (BLR).
Equatorial scattering - idea
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V vs. tan(φ) – 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



Theory vs. observations (equatorial 
scattering)

§Model with STOKES code (Goosmann & 
Gaskell 2007, Marin et al. 2012, etc)

§Savić et al. 2018, A&A, 614, 120

BLR

Torus



Theory vs. Observations
Savić et al. 2018

Pure Keplerian motion

anticlockwise

clockwise



Theory vs. Observations
Savić et al. 2018

Pure Keplerian motion

anticlockwise

clockwise



Equatorial scattering for different BLR geometries (Bo et al. 
2021, accepted in MNRAS)

Disc - like

Otuflow

Spherical 

Blue wing Line center Red wing



Theory vs. Observations
Savić et al. 2018

Keplerian motion + outflow -2000 km/s



Theory vs. Observations
Savic et al. 2018

Fitted observations for NGC 4051



Black hole masses for 30 Type 1 AGNs

Afanasiev, Popović, Shapovalova 2019, MNRAS, 
482, 4985

Observations with 6m telescope SAO RAS

Ø6-m telescope + SCORPIO, spectral coverage 4000-8000 AA
ØDifferent type analyzer – Savart plate, Single and Double 

Wollaston prisms 
ØSpectral resolution 5-40AA,
Ø Polarization measurement accuracy ~ 0.1-0.3%





Black hole masses for 30 Type 1 AGNs
Afanasiev et al. 2019

Our measurements of BH masses as a function of host galaxy bulge
stellar velocity dispersion (taken from Onken et al. 2004). The dashed
line shows the dependence of M-σ taken from Tremaine et al (2002).



BLR inclination for 30 Type 1 AGNs
Afanasiev et al. 2019

Our measurements of SMBH masses do not depend on inclination (see
Afanasiev & Popovic 2015), Keplerian motion=>assumption that f
depends only from BLR inclinatin!
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BLR inclination for 30 Type 1 AGNs
Afanasiev et al. 2019

Our measurements of SMBH masses do not depend on inclination (see
Afanasiev & Popovic 2015), Keplerian motion=>assumption that f
depends only from BLR inclinatin!
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Dimensions of the BLR 



Dimensions of the BLR
Afanasiev et el. 2019

The maximal (Rmax) vs
photometric BLR (RBLR)
radius. The solid line
represents the best fit
RBLR = (0:31 ± 0:17)Rmax

Relation between Rsc and
RBLR
Rsc = (1.72 ± 0.48) RBLR

.



What is with other lines, as e.g. Mg II BLR –
seems to be complex (Popovic et al. 2020, 
MNRAS, 484, 3180)

Savic et al. 2020, MNRAS, 
497, 3947 – model, BLR 
with outflows/inflows



Quasar SBS 1419+538,  spectroploarometric
observations of Mg II (Savic, Popovic, 
Shablovinskaya -sent to ApJL)

SBS1419+538 was observed with 
the 6-m telescope BTA of SAO 
RAS with the focal reducer 
SCORPIO-2 (Afanasiev & 
Moiseev 2011)



Quasar SBS 1419+538,  spectroploarometric
observations of Mg II (Savic, Popovic, 
Shablovinskaya -sent to ApJL)



AGN polarization – BLR characteristics:
- - inclinations
- - BLR dimensions
- - SMBH mass 
- Equatorial scattering!
- Problem to find the distance to the scattering

region (inner radius of the torus?)

Conclusions
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