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Complex AGN Broad Emission Lines

 type 1 AGN - broad emission lines = Broad Line Region
- not specially resolved (except GRAVITY)
- important to understand the power of AGN and measure BH mass

- we still need spectroscopy Shapovalova+ 2019
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Examples of fitting tools specialized for AGN

 Quasar Spectral Fitting package
(QSFIT; Calderone et al. 2017)

* Python QSO fitting code
(PyQSOFit; Guo et al. 2018, 2019)
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827 Fe Il energy levels and Lya transitions
out of 23,000 (Sigut & Pradhan 2003)

Richness of AGN Emission lines

Excitation Energy

Napoli, June 2023
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f, (arbitrary)

Broad Lines — H, Hel, Hell, CIV, Mgll, etc.
Narrow lines— Olll, NlIlI, SlI, Ol, etc.

Coronal lines

Fe ll lines

Great need for Fell templates (latest review in
Park et al. 2022)
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Richness of AGN Emission lines

827 Fe ll energy levels and Lya transitions
out of 23,000 (Sigut & Pradhan 2003)
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f, (arbitrary)

Broad Lines — H, Hel, Hell, CIV, Mgll, etc.

Narrow lines— Olll, NlIlI, SlI, Ol, etc.
Coronal lines
Fe ll lines

Great need for Fell templates (latest review in

Park et al. 2022)
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Fell line model
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A‘Do A‘Fo G‘S s‘Fo G‘PO ] Fe II (4000-5500 A) template in AGN spectra Fe II lines

Theory

_ e optical Fe Il semi-analytical model - gives
one of the best fit of the Fe Il lines ey S
(Kovacevi¢+ 2010, Shapovalova+2012) e

* Does not extend to red part, near Ha line S——
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Fell modell for AGN (not template)

* Model of Fell emission (3,700-11,000A) using atomic data -
(based on Popovic et al. 2002, Kovacevic et al. 2010)

10

AL :

— a%D, ——I1y%G — afs — b*G z*D — e*D
— Db*P ——I b%F — a%*G b2H — Z4p — Z*F
a*H —! x%D y*P b*D —— €D

Excitation Energy (eV)

6000 7000 8000 9000 10000 11000

Rest Wavelength [A] Atomic Term

3,700-11,000A Ili¢, Raki¢, Popovi¢ 2023, ApJS, in
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FANTASY tool

* Fully Automated pythoN Tool for AGN Spectra analYsis = FANTASY
 optimized for AGN optical &NIR spectra (3000-11,000A), but also UV

e atonomous & flexible

e variety of data-produces

 open-source: github

e features:

Napoli, June 2023

Different reading classes
Preparation of spectra (e.g. reddening, redshift, NaN values)

Host galaxy removal — using eigenvector

Libraries of significant emission lines
Fell lines model F A N T A S Y

Fully Automated pythoN Tool for AGN Spectra analYsis

Fitting uncertainties (Monte Carlo bootstrap method)

Ili¢ et al: FANTASY Raki¢ 2022, llic+2023



Example of SDSS spectra
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Example of GAMA spectra

Predifined line lists:
- Broad H

- Narrow — standard

- Narrow — extended

- Fell

- Coronal lines

- Customized lists

Different Line Models:

- Easy to add model
components

- Setinitial parameters, but
code can also try to guess

Napoli, June 2023 lli¢ et al

: FANTASY
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Fell in the vicinity of Ha

* tested on ~650 SDSS spectra w S/N>30
e fitted with FANTASY using a single model

 when Fell emission seen near Hb line, always
present near Ha (but weaker), especially in NLSy1

blue
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SDSS-RM (Shen et al. 2015) — monitoring of ~850 objects
We selected only spectra with S/N>20, z<0.5 = 8 objects

Intrinsic Baldwin effect +=-

SDSS RM 272, z=0.2628
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Intrinsic Baldwin effect seen in all objects

Why: presence of non-ionizing optical continuum (also in
Rakic et al. 2017)
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FANTASY for extreme TDE

The rise and fall of the iron-strong nuclear

transient PS16dtm

— TDE PS16dtm in Narrow-line Seyfert 1 galaxy
— Strong increase of broad emission lines, especially Fell

— PS16dtm is blocking the pre-existing X-rays from the
AGN host (Blanchard+ 2017)

— Our study - 2000 days of photometric and
spectroscopic monitoring

(Petrushevska, Leloudas, Ili¢ et al. 2023, A&A, 669, A140)

Scaled Flux + Constant

— See poster no 20. by Tanja Petrushevska
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PS16dtm spectra - strongest iron emission in a
nuclear transient
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® Hydrogen Balmer lines (narrow,
intermediate and broad components)

® broad Fe Il emission is transient: not
present in the pre-outburst spectrum
and completely disappeared in our last
spectrum at +1868 days

® super-Eddington accretion
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PS16dtm spectra - strongest iron emission in a
nuclear transient
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® Hydrogen Balmer lines (narrow,
intermediate and broad components)

® broad Fe Il emission is transient: not
present in the pre-outburst spectrum
and completely disappeared in our last
spectrum at +1868 days

® super-Eddington accretion
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Fantasy: Open Source

*  https://fantasy-agn.readthedocs.io/en/latest/

e pip install fantasy_agn
e Tutorials available

 Plan for online workshop
(dragana.ilic@matf.bg.ac.rs)

...and growing......

Napoli, June 2023 lli¢ et al: FANTASY

go to code

@ / FANTASY - Fully Automated pythoN tool for AGN Spectra analYsis ©) Edit on GitHub

FANTASY

antasy_agn package
E Fully Automated pythoN Tool for AGN Spectra

Read the Docs for Business:
Automated docs deployment of private
& bli epo e 3 eg {oda

Nemanja Raki¢, Dragana lli¢ and Luka C. Popovi¢

Raki¢ 2022, MNRAS, 516, 1624R
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https://fantasy-agn.readthedocs.io/en/latest/

pyZDCF — ZDCF in python LSI

CORPORATION

part of SER-SAG-S1 In-kind contribution to the LSST
https://github.com/LSST-sersag/dle

AGN Science Collaboration

 Python module of a Fortran program ZDCF |
(Z-transformed Discrete Correlation Function, Alexander 1997 .. - =

-=- CCF

08

— pyZDCF is based on the original Fortran code fully developed by
Prof. Tal Alexander from Weizmann Institute of Science, Israel

0.6

— Jankoy, I., Kovacevi¢ A. B., Ili¢, D., et al. 2022, AN, 343, 210090 : . £ ;
— https://pyzdcf.readthedocs.io/en/latest/index.html . \/"/
» -100 =75 -50 -ZSTime (()days) 25 50 75 100
 “Photometric reverberation mapping of AGNs
- Notebook on NOIRLab Astro Datalab
ASTRO . ,
DATALAR https://datalab.noirlab.edu
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