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F 7 1996 yan.15 JD2450098 (hight state, 6m telescope) 1
120 2005 Jun.8 JD2453530 (low state, GHAO's 2.1m telescope) —

AGN variability:
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* moreover, AGN are variable 50000 51000 52000 53000 54000
. . . i Julian Date [2400000+]
objects in optical = everything Shapovalova+ 2008
varies:
_ . o Continuum
— line flux and continuum variations, source
line profile
— we can estimate: BLR geometry BLR
and physics, etc. --> Mg,,  seee.g. Peterson+2004, etc.
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Long-term monitoring of AGN

* Pls: Alla Shapovalova (Russia) Vahram Chavushyan (Mexico)

e constantly observing well known AGN with broad emission lines:

— NGC 5548 — 9+ years (Shapovalova+ 2004, Ili¢ 2007, Popovi¢+2008,
Bon+ 2016 accepted)

— NGC 4151 — 11+ years (Shapovalova+ 2008, 2009, 20103,
11i¢+2010, Bon+ 2012, , Raki¢+ 2016 submitted)

— 3(C390.3 — 13 years (Shapovalova+ 2001, Shapovalova+ 2010b,
Popovic¢+ 2011, Jovanovic¢+ 2010, Kovacevié¢+ 2014)

— Ark 564 — 11 years (Shapovalova+ 2011, Shapovalova+ 2012)

— Arp 102B — 12 years (Shapovalova+2013, Popovic+ 2014,
Kovacevié+ 2014, Ili¢+2015)

— E1821+643 — 25 years (Shapovalova+2016, Ilic+2016 in prep.)
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Observations

* 6m + 1m telescopes - SAO RAS (Russia) % P —

* 2.1m telescope - Guillermo Haro Observatory, Cananea,
Sonora, Mexico

* 2.1m telescope - Observatorio Astronomico Nacional, San
Pedro Martir, Baja California, Mexico

* 3.5m + 2.2m telescopes — Calar Alto Observatory, Spain
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1. case: NLSy1 Ark 564

nearby narrow-line Sy 1 galaxy:
narrow permitted lines, z=0.025
(e.g. Shemmer et al. 2001)

strong Fe Il emission: many line
transitions, blended (multiplets)

— where is the origin of Fe Il
and how lines are

produced?

Fe Il is coming from
the intermediate
line region

(see e.g. Kovacevi¢+2010)
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Correlations: continuum vs. lines

O T T = 1 - 1T T 1
- r=0.59
- Py=0.66E-09

[ r=0.76

Fellsq0-5470

Fet(5100 A)
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* HP and Fe Il follow change
of the continuum flux

* Ha and HP fluxes: low
level of correlation!
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Fe Il fittings
o | l
 Extended template for s
Fe Il fitting w 4T |
(Kovacevic+ 2010,
Shapovalova+2012) o |
2
* The new optical Fe ll
template, which enables
better fit of the iron lines &
than any other empirical é — 4P+4F+68+4G.+ H FeIIred shelf
or theoretical template I ' 2w T group /\ i
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Fe Il lines fitting - online tool: may help

Fe II (4000-5500 A) template in AGN spectra Fe II lines
Theory
spectrum (plain/text): Choose File | no file selected
Temperature (K): ' | Fit Fe II lines
Doppler width of Fe II lines (km/s):
The shift of Fe II lines (km/s):

) ) Fe II template -
Intensity of F Fe II group of lines: download

Intensity of S Fe II group of lines:

; g | e-mail to:
Intensity of G Fe II group of lines: .
Intensity of P Fe II group of lines: | ' Veljko Vuijcic

Intensity of I Zw 1 Fe II group of i
Number of iterations:

Submit

Instructions:

Upload the AGN spectrum within 4000-5500 A range, with subtracted
conftinuum. Make snectrum fto be two column ascii file (wavelenath. flux)

Serbian VO: http://servo.aob.rs/Fell AGN/
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2. case: Quasar E1821+643

45

40 I

the most luminous, radio-quiet quasars in
local universe (z=0.297, M, = -27.1)

models of strong optical/UV “blue bump”
gives SMBH mass of 3 x 10°M_ . (Kolman+
1993) -
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Mean & rms profiles of HB and Hy

Mean/RMS profiles: =i -
no change in d ] Pl
25 years! el ol
* the mean HP has a more o

extensive red wing than mean Hy st

04

* an additional emission in the far 2 .|

wing of the HP line o
* the difference has: 04|

— shift~ 7100 km/s w0 o Wave.engf.é%?m, o000 500
— FWHM ~5800 km/s 3 .
* |lic+, 2016 in prep.
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Spectro-polarimetric monitoring: Mrk 6 (2010- 2013)

g ‘Mkn6, date 2012-02—14, JD55971
* 12 epochs observed — 6m SAO telescope % f M_AA
N -
* NOTE: ISM polarization can strongly affect < 2} / \q
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Mrk 6: Polarization in broad lines

30F Degree of olorizotilpn

- continuum polarization subtracted Lk : P % 1
- different sources of polarization: 20F §
different geometries/kinematics £ 1SE B\
1Principal axis "0 3 : £
. 0.5k
: * Torus — equatorial P B -_--aigk-_-H@ --------------- :
' . . w 04F =
1 inclination, i ’ polarlzatlon £ 8:8MI\—*‘—’M
3 p e
: 40F Pol.Angle:
PO ol i * Two additional - 20t :
oo IRV / polarizations 5 ’F :
COmponentS _402_ Angle of po%:rizotion ! i
—-60F i .
proba.lbly.polar 2 5of - T
polarization . O

Equatorial scattering Rotating broad-line z 3;_ Flux broad fia FI E
region emitting disc E 5 3 ux E
> _

A: outflow, v=2000km/s, P~0.6% j oF — .
B: outflow (jet?) v=6000km/s, P>2% ) S— N T R — E
—10000 —5000 0 5000 10000

Velocity, km/s

AGN@ESO: Dragana lli¢ dilic@matf.bg.ac.rs (AfanaSIeV+2014) 13



SMBH mass by spectropolarimetry of broad Ho
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Conclusions

optical spectral variability is very useful for
investigations of the innermost regions of AGN

spectroscopy (+monitoring) is time-consuming, but the
obtained results can be fundamental for other research

high-quality polarization monitoring is the future

— gives new information about the geometry,
but also Mg,

Ad for the conference on spectral lines: Part of this FO@
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