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SUPER-MASSIVE BLACK HOLES =SMBH

SMBHs are in the center of (almost all) galaxies

- tight correlation between SMBH mass and bulge mass

- indirect & direct observations (@EHT)

- galaxy dynamics & evolution

@}3 Event Horizon Telescope
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SMBH MASS DISTRIBUTION

SMBH Mass Function

- where are the intermediate BHs?

0 T T T ' ™I T T T ~'o' ™ TrTTTTTTTTTY I V;OI' 'Sh'oé ™
- Z..; SnG, Sp12 she ] - how do we grow SMBH at z~7-82
- 2~ " ~0, Vi09 1
L —_ ;:?o PRy §~1, L;H .

-—-- 2~3 Uel4d —
z~6, Wi10

e |
% A
Q.
E' -4 . Rest-frame Wavelength (A)
N 1200 1400 1600 1800 2000 2200 2400 2600 2800
’? T T T T T T T T T ]
—~ 10 2500 2600 2700 2800 2900
= = g T T T T T
g\ :\‘.“ 08 0.3 al
S -6 i Z <
< — BH Moss Density = 06 02 b
=y i 2 6.7 >
o L g. Slv l7'B] o] 204 '_’ZIIIXI 23000 24000 2.',4;»0'
g SE_ TS ' .
L = : bl B 02
-8 :‘i 3 Z 00
" L 2 10000 12000 14000 16000 18000 20000 22000 24000
- g‘ Observed Wavelength (A)
= 0 1 2 3 4 2 6
i z
g [0 ] SIS P P UEPU T S NS NP S ST S PRSP, Quasar at z=7.642 (ang et al. 202])
6 7 8 9 10

10g Mg« [Me)]

Aversa et al. 2015

—> See talks by Luis Ho and Tao An
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| HOW TO “SEE” A BLACK HOLE? —> DURING FEEDING

Active Galactic Nuclei (AGN)

Tidal Distruption Event (TDE
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Blazar

FR-I

Lobes < jet, nucleus
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VARIABILITY: SEEN FROM THEIR DISCOVERY

1960-1961: First detection of optical variability in the “stellar object” 3C 48

3C 48
.. Optical photometry of 3C 48 continued sporadically during 1961, with the results
glven in Table 1. The most striking feature of these data is that the optical radiation : _
varies!’ e .
TABLE 1 ] :
‘ Matthews& Sandage 1963 - * &
PHOTOMETRIC DATA FOR THE THREE RADIO STARS i B
<A
Object Date 14 B-V U—-B Remarks E X ; B

Oct. 23/24,1960 1606 | 038 -0 61 g :
Nov. 19/20, 1960 16 02 48 — 61 60-inch 3
Jan 12/13,1961 16 11 42 — 6l
Jan. 13/14,1961 16 13 .39 - 61
Jan. 14/15 1961 16 02 49 - 60

3C 48 Jan. 16/17, 1961 16 13 40 - .59 i
g S .
Oct 11/12,196 16 4 - ’
Oct. 11/12, 1961 16 289 393 | = 5ssy | Taken 15 mimutes apart
Dec. 4/5, 1961 16 44 35 — 57 Obs. by Baum
Dec 5/6, 1961 16 40 42 — .64 Obs. by Baum

3C 196 . Mar. 31/1, 1962 17 79 57 —. '3 :

3C 286 . June 2/3, 1962 17 25 026 -0 91
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AGN VARIABILITY

PROPERTIES

O ubiquitous;

@)

present in every waveband;

o amplitude depends on

wavelength;

o variations are faster at higher

energies;

O in optical: typical amplitudes

~0.1-0.2 magnitudes (Vanden Berk
et al. 2004; Sanchez-Saez et al. 2018)

UVOT flux (erg s cm? A1)

This week many talks on x-ray and radio:
ia Sotnikova, Sergey Sazonov, Maxim Barkov
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| AGN VARIABILITY

Reverberation (echo) mapping =
mapping the structure and kinematics of:

oaccretion disk

obroad line region (BLR) = can estimate SMBH
mass

RBLRFWHM2 Dibai
G method

MBH=f

e Crimean-2021 AGN Conference for excellent talks: http://lerga.crao.ru/conf /en/

AGN AT SAO, 2024 D.ILIC: OPTICAL VARIABILITY OF AGNS

Cacket et al. 2021
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Mrk 817, AGNSTORM 2,
Cacket et al. 2023
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OPTICAL PHOTOMETRIC
VARIABILITY

.ight curve analysis — structure function (or power-
;pectral density), see e.g. De Cicco et al. 2022

SEps(At) = \/ 203 — 20ﬁ — 2cov(s;, 5))

Variability properties scale with:

O SMBH mass (e.g. Macleod et al. 2010, Burke et
al. 2021, Petrecca et al. 2024)

O accretion rate (e.g. Arevalo et al. 2023)

O luminosity (e.g. Caplar et al. 2017)

Iso in X-ray variability (see talk by Sergey Sazonov)
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APPLICATIONS OF OPTICAL AGN VARIABILITY

. Reverberation Mapping of accretion disk (LSST AGN Science Collaboration priority, Brandt+18)

. constrain Radius-Luminosity (e.g., Kaspi+ 2000, Peterson+ 2004, Bentz+2009, etc) and
Mass-Luminosity relations (e.g., Bonta et al. 2020) = get mass of SMBH

. hunt periodic systems 2 candidates binary SMBHs (e.g., Graham+2017, Kovadevié¢+2018, 2019,
Popovié+2021) 2 see talk by Alexei Moiseev

AEERENREREN AR RN IRRERRRRRRN Optical AGN light curves are:
s | Noc ssas \ | - * immersed in red noise (e.g. De Vries+ 05)
o M M‘ I;J * nonlinear and stochastic
E IOTWH |“~Wn"\' "M 'W i ,ﬁW ] * maybe described by Damped Random Walk
< F , w i \W' (DRW) process (Kelly et al. 2009), but there
i Peterson+1999~ are others (DHO, Yu et al. 2022)
o | 1 ) 1 o 1 1 | * also sparse, gapped, irregular...

47500 48000 48500 49000 49500 50000 5050C n
Julian Date (2400000+) AGN AT SAO, 2024 D.ILIC: OPTICAL VARIABILITY OF AGNS



EXTREME AGN VARIABILITY

Changing obscuration Vs. Changing state AGN
(Ricci & Trakhtenbrot 2022)

Spectral classes identified in:

X-rays UV/optical
1072 ! : 3 30F
) unobsewrea | —- P
| 2 =
107 %k g r
= 20
i > :
107} § 15
; R S
o) C
107°F 8
Obscured =5 w._d
1072 . . [ 3 , , -
1 10 100 4000 5000 6000 7000
Energy (keV) Wavelength (A)

Spectral transitions usually driven by:
Changing obscuration (CO-AGN) Changing accretion state (CS-AGN)

8000 [~

‘May 21,2007 ———
Feb 06, 2014 -
7000
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% 5000
=
i)
C
© 4000
=2
®
© 3000
o
1000 + va‘.‘«.'"."V-'-""w‘\v""\',"‘\"("" "
P NGC 3516 (Shapovalova+ 201¢
4000 4500 5000 5500 6000 6500 7
Physics behind: Wavelength (4]
o change of obscuration
o intrinsic change of accretion disk /rate
o TDEs
O Microlensing
Detection:

large-amplitude photometric variability (e.g.
delta_mag>1, Macleod et al. 2016) is a good
approach, but not enough

- See talk by Wei-Jian Guo,

e also Stern et al. 2018, Graham et al. 2020, Runco et al. 2016, Yang et al. 2018,
1chez-Saez et al. 2021, Temple et al. 2023, Guo et al. 2024, and many more)

CL AGNSs from DESI & SDSS
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Popovict+ 2011
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2.5m, SDSS

SPECTRAL RM CAMPAIGNS

complementarity of massive and individual follow up srve

QUANTITY

SDSS reverberation monitoring
* monitoring 849 quasars, 0.1<z<4.5 (Shen et al. 2014, 2018)

" measured for 44 quasars, z<0.3 (Grier+2017) and 144 quasars, z<1
(Li+2017)

Subaru/FMOS survey (Shultze+2018)

=234 3uasqrs, highest redshift z=4.6
based on Ha (211), HB (63) and Mg Il (4)

OzDES RM campaign (King+2015, Hoormann+2019 )
= 23 variable AGNs out of 771 monitored, 0.1<z<4.5

QUALITY

High fidelity RM (Horne+2012) to get velocity-resolved RM
(De Rosa+2018, Du+2018)

AGNSTORM campaigns (DeRosa+2018, Kara+2021)

8.2m, SUBARU  /4m, AAO. |

._‘
=
o

Rest-frame 73,4 (days)
—
(=

4 Bentz & Katz 2015
Du et al 2016

S)

Du+2018
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LONG-TERM RM CAMPAIGN
(from 19905s)

%

(

Alla I. Shapovalova

Typical Seyfert 1s:

NGC 5548 — 9+ years (Shapovalova+ 2004, Ilic 2007, Popovi¢+2008, Bon+2016)
NGC 4151 = 11+ years (Shapovalova+ 2008, 2010q, 1li¢+2010, Bon+ 2012)
NGC 7469 — 20 years (Shapovalova+2017)

NGC 3516 — 22 years (Shapovalova+2019, Ilic+2020, Popovic+2023, Ilic+2023)

Narrow Line Seyfert 1:
Ark 564 — 11 years (Shapovalova+ 2011, Shapovalova+ 2012)

Double Peaked Line AGNs (DPLs):

3C 390.3 = 13 years (Shapovalova+ 2001, 2010b, Popovi¢+2011, Jovanovi¢+ 2010,
Kovacevié+ 2014);

Arp 102B — 12 years (Shapovalova+13, Popovié+ 14, Kovaéevié+ 14, llic+15, Raki¢+ 17)

Quasar, a binary black hole candidate:
E1821+643 — 25 years (Shapovalova+201 6, Kovacevi¢+2017, Kovacevi¢c+201 8)

*long=decades

AGN AT SAO, 2024 D.ILIC: OPTICAL VARIABILITY OF AGNS
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| SUMMARY OF THE CAMPAIGN X

Flux (HB)

0.6
0.4

Flux (HB)

determined the BLR size and the SMBH mass of 8 AGN ZE

Flux (HB)

periodicities for 2 candidates of SMBH binaries

o
(re)discovery of changing-look AGN NGC 3516 g o8 ;giﬁf Wt
- NGC 5548 | E g:i: 0y 1‘:} T
o2 NGC7g60 "% ., . .
@ 0.213:
developed spectral fitting 5 08
tools, light-curve analysis, 5 s 02 Necossas e Te
and physical models g “§ @ osl
- novel hybrid method to search = LI Bt
for periodic oscillatory behavior .. oz MBEATL TR T
(Kovacevict+ 2018, 2019) g o0gr \5. é{f\
- model of SMBH binary 3 04y ‘ii.‘!-: \\./
(Popovic & Simic, 2019, T Periods Fenisioo 0 NGO Y
Popovic+ 2021 ) 2D correlation maps of periodicities in 2 o8 !b"‘iﬂﬂi
Hb and continuum of NGC 5548 Ell lié4£2017

02  ArkS64 ¢
46000 48000 50000 52000 54%)0 56000 5i
Julian Date [2400000+]
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|CHANGING LOOK AGN: NGC 3516

collected 22 years of data

Relative flux

captured a disappearance of broad lines in 2014

o --

1 in2017: still in low state,
10F ] .
> ‘ but broad lines start fo appear
s 8
s ; | 4500 5000 5500 6000 6500
: ~‘ \ Wavelength [A]
e L e Shapovalova et al. 2019, MNRAS
A, A, v A L]J \M ~t ] 2000 2004 2008 2012 2016 2020
5500 6000 6500 7000 13.0 - B (Shap 2019)
Wavelength, A ® S:SS:: g%a)
. 135 |y UVW2 (Swif) ¥
. . o o Y d i . i 4 ,
Recent (end 2019) observations, indicate that NGC3516 is llic et al. 2020, A&A JRRTCY A SN S Daelana¥.
maybe awakening (increase of coronal emission lines) ) P obevedspecnn —— | B O] s e man
o AGN = 150 138 fi A & 5','
. . . . . . .4 " o ' VW Vam 4
Probably due to change in intrinsic properties of accretion ot & i 4nsz 168 1o ;
(POpOViC ef GI. 2023) ‘g 169 58600 ‘58700 58800
E . XRT (Swift)
° ° ° ° ° ° g -10.2 »
2> important to continue monitoring of AGN in multi- B %
g t
wavelength 10 4
A, 114 5
4000 4500 5000 5500 6000 6500 7000 51000 52000 53000 54000 55000 56000 57000 58000 5900C
Wavelength [A] JD-2400000
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LONG-TERM MONITORING

OF NGC 3516

LoTerm AGN campaign

sustained campaigns to continually collect
spectroscopic data of known AGNs over
extended timescales

broad Ha line period 2020-2023 - remained
active but no change in the profile

I physics

hg-Term Optical Monitoring of Broad-Line AGNs
yTerm AGN): Case Study of NGC 3516

ana Ili¢ 1*©, Luka C. Popovié 2@, Alexander Burenkov 3©, Elena Shablovinskaya 3, Eugene Malygin 3®,
P y g

an Uklein 3, Alexei V. Moiseev 3, Dmitry Oparin 3, Victor M. Patifio Alvarez 450,
ry Up

am Chavushyan 46, Paola Marziani 7¥, Mauro D’Onofrio 78, Alberto Floris ®, Andjelka B. Kovagevié¢ 1@,

1a Jovidié¢ 1, Djordje Mikovié !, Nemanja Rakié °(), Saga Simié¢ 1°0, Sladjana Mar¢eta Mandié¢ 2,
o Ciroi 80, Amelia Vietri 8, Luca Crepaldi 8 and Ascensién del Olmo 1

2024, 6, 31-45. https:/ /doi.org/10.3390/physics6010003

https:/ /www.mdpi.com/journal/physics
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TIDAL BREAK UP OF A STAR —> TDEs

Rees 1988 - TDE flares: reveal also
non-active BH

~1/2 gaseous stellar debris remains
gravitationally bound = Accretion disk is
formed =2 should peak in X-ray

favoured for lower mass SMBH

TDE luminosity is expected to follow the
fallback rate ~ t5/3

See also https://www.youtube.com/watch2v=grBZVgmNGk8
> See talk by Georgii Khorunzhev simulation of a tidal disruption event by Taj Jankovi¢ & Andreja

AGN AT SAO, 2024 D.ILIC: OPTICAL VARIABILITY OF AGNS



TDEs

nuclear transients, rate ~ 104 galaxy™' yr!

* Limited samples: about 100 TDE candidates (review: van
Velzen+ 2020, Hammersteint+ 2023; only few in AGNs)

Detection:
o Rise ~month, decay t-5/3
O blue colours

O constant blue colours

Spectroscopic follow-up crutial
for confirmation and
characterisation

AGN AT SAO, 2024 D.ILIC: OPTICAL VARIABILITY OF AGNS
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WHAT ABOUT ANT;s?

Ambiguous Nuclear Transients (ANTSs)

o AT2021Iwx - most luminous transients ever
discovered
o powered by massive accretion on SMBH > 108 M

O no evidence of AGN activity, but X-rays points to a
hot corona or jet

O TDE of a massive star is unlikely due to the small
chance of observing such an event

Wiseman et al. 2023
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Figure 1. (Upper) Light curve of AT20211wx. Epochs of our multiwavelength follow-up observations are marked with dashed lines. (Lower left) Pan-STARRS
upper limits up to 750 d (rest frame) before the first detection of AT20211wx. (Lower right) Comparison to similar transients: NLSy1 accretion events AT2019fdr
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2000-DAYS FOLLOW-UP OF PS16DTM
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llic+ 2023, ApJS

FANTASY TOOL

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

atonomous & flexible

variety of data-produces «

open-source: github = pip install fantasy_agn ,

features: F A N T A S Y

= Different reading classes Fully Automated pythoN Tool for AGN Spectra analYsis

* Preparation of spectra (e.g. reddening, redshift, NaN values
| preparation of spectra (e.g. reddening, redsh b Raki¢ 2022, Ilic+20
Host galaxy removal — using eigenvectors

- Fell lines model Example usage in e.g.

| | of the
ROYAL ASTRONOMICAL SOCIETY

MNRAS 532, 424-437 (2024) https://doi.org/10.1093
Advance Access publication 2024 June 18

[O 1] emission in z & 2 quasars with and without broad absorptio!

Matthew J. Temple “,"** Amy L. Rankine “,> Manda Banerji “,* Joseph F. Hennawi “,>¢ Paul

AGN AT SAO, 2024 D.ILIC: OPTICAL VARIABILITY OF AGNS
C. Hewett “,” James H. Matthews “,® Riccardo Nanni,>® Claudio Ricci “?° and Gordon T. Ric



Fe I MODELL FOR AGN (NOT TEMPLATE)

u(D,F,P)
* Model of Fell emission (3,700-11,000A) using atomic data =B / ro %
(based on Popovic et al. 2002, Kovacevic et al. 2010) 1 L

a?D, y’G = —— afs — b*G z*D e*D

b*P b*F —— a%G b2H — 2P 2'E .

a*H —! x*D y4P b*D e®D

4000 AAJOOCJ) ALK 6600 7000 8000 9000 10000 11000 Atomic Term
Rest Wavelength [A]
3,700-11,000A lli¢, Raki¢, Popovi¢ 2023, ApJS
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LTF = IWICKY TRANSIENT FACILITY

oextremely wide-field of view camera, ZTF scans the
entire Northern sky every two days

ogenerating alert streams in real time

oFor AGNs, particularly interesting are nuclear transients:
otidal disruption events (TDEs);

0AGN with changing-state events (CSAGNS, also known as changing-
look AGN:s, see Ricci & Trakhtenbrot 2023);

0AGNs with anomalous flaring activity (e.g. Trakhtenbrot et al.
2019q; Frederick et al. 2021);

oambiguous nuclear transients (ANTs; e.g. Hinkle et al. 2022).

AGN AT SAO, 2024 D.ILIC: OPTICAL VARIABILITY OF AGNS

PTF/iPTF, 7.3 deg?®

LSST, 9.6 deg?

ZTF, 47 deg?
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SOME RECENT ZTF DISCOVERIES

\wakening a Supermassive Black Hole: ZTF20aaglfpy (Arevalo et al. 2024): from 2M sources, founs
36 candidates for turn-on AGNs

8 ZTF20aaglf|
he . 2=0.1245
>DSS1335+0728: The awakening of a | |

7 7 8 ; i
6 §ar s s y
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GAIA

Unlike other missions that target specific objects, ESA's Gaia is a survey mission. This means that while surveying
entire sky multiple times, it is bound to see objects outside the Milky Way as well, such as quasars and other gald
Gaia's data release 3 provides astronomers with details on a few million extragalactic objects.
Astrometry mission for
Milky Way stars, but

also extragalactic

Supermassive black holes accreting matter Brightness | Colour

Redshift | Brightness | Colour Star formation history | Shape
Host galaxy detected for 60 thousand quasars

AGN AT SAO, 2024 D.ILIC: OPTICAL VARIABILITY OF AGNS 3



EXTRAGALACTIC SCIENCE WITH GAIA DR3

Gaia Coll., Bailer-Jones 2023

> two “main” DR3 extragal. tables: gso_candidates & =
. ® 140F° | oe ‘
galaxy_candidates ™ AR
o 145F e ® wte & 2
S :. YN
> 6.6M & 4.8M sources, respectively; flags available i T S
5 15.5F 2
> light curves available nf
W 12F
E 13F
Q, .
Examples from Carnerero+ 2023: = e . 2%
s 15 vo ae
. ga' 16 ;°<> 3 ¥ ;AZ i
Up: Type 1 Seyfert galaxy i 22 2
PG 0921+525 7.0 ‘
& : 0s? g %
Mid: blazar CTA 102 during E 1751 o Ak 8
2016-2017 outburst 8 fF 3 "%
s 180 *e. 48
. o f v B
Down: quasar B2 0945+22 5 . f A Carnerero+'
AGN AT SAO, 2024 D.ILIC: OPTICAL VARIABILITY OF AGNS Slides cddpfed from lectures by Lovro Palaversa 1600 BJD zig)ogCB —222(21055193%50%



https://ui.adsabs.harvard.edu/abs/2022arXiv220706849C/abstract

Flux density + scaling

radio-quiet quasar

COMPOSITE QUASAR SPECTRA FBQS J163709.3+41403(

Carnerero+23

2014.5 20150 20155 20160 2016

43k BP/RP spectra with spectroscopical redshifts from Flesch+21 128
@ 16.0[
of C
£ L
111.5k BP/RP with QSOC redshifts = 162 e it
o c»\ ¢ o> X R S 316-4:‘ S .. T ETY
Fy L o8 :: :::.: Teee :::
100 | Composite quasar spectra 0%52) é § 2 (1)8 - Q‘?‘ 16.6 ::: e . §
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Gaia Coll., Bailer-Jones 23
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https://ui.adsabs.harvard.edu/abs/2022arXiv220605681G/abstract
https://ui.adsabs.harvard.edu/abs/2022arXiv220706849C/abstract

Getting ready for e 1

Legacy Survey of Space and Time LSST +{:

VERA C.RL
Vera C. Rubin Observatory S — OBSERVAT

10-year Legacy Survey of Space and
Time (LSST)

8.4m telescope, largest ever CCD

500 petabyte set of images and data
products

£nm

Massive time domain astronomy
LSST start in 2025
Big data, movie of the sky

0 —

https://www.lsst.org/about/timeline Rubin Observatory /NSF/AURA /A. Pizarro [
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4. Exploring objects that change
position or brightness over time, callé

A "transients"
+o* \
VERA C.RUBIN
OBSERVATORY




AGNs WITHIN THE LSST

discovery about 10 million quasars
“based on colors, variability, lack of proper motion
" detection of ~10,000 quasars at 6<z<7.5

5 Deep Dirilling Fields (DDFs):
- COSMOS, XMM-LSS, ECDFS, ELAIS-S1, EDFS

AGN Variability — based on million of light
curves with TO00 epochs over 10 years

AGN AT SAO, 2024 D.ILIC: OPTICAL VARIABILITY OF AGNS

At,, =360 doys tolol
12 Epochs

l_.L_.l._.L l L l l?l l 1 m‘
0 0.2 04 0.6 08 1
Detection Prob.

T . - TFEASHITE
Top: absolute magnitude vs.

redshift diagram for quasars

Learn more through AGN Science Collaborc
@https:/ /agn.science.lsst.org
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LN
LSST AGN DATA CHALLENGE — ++5 = [SS7

VERA C.RUBIN AGN Science Collaboration
OBSERVATORY

AGN Science Collaboration:
https: / /agn.science.lsst.org

° [ XMM-LSS e SDSS Stripe 82
Dq'l'q Chq“enge N 202 ] C273 Extended Stripe 82
= Data sets available
https: / /github.com /RichardsGroup /AGN DataCh
allenge

partial prototype of the expected LSST
data on AGNs

= SDSS Stripe 82

* XMM-Newton Large Scale Structure
Survey

* Multi-wavelength data set + time- " Coadd r-band Magnitude
domain data from SDSS

Classification of AGNs based on ML, Savic et al., 2023

AGN AT SAO, 2024 D.ILIC: OPTICAL VARIABILITY OF AGNS 3


https://github.com/RichardsGroup/AGN_DataChallenge
https://github.com/RichardsGroup/AGN_DataChallenge

Lasalk

G/ -

AANTARES USA

ALERT BROKERS

Letting the community knows what has changed on the sky

OPrompt Data Product — Public Data

oDifference Image Analysis

OAlerts in LSST: up to 10 million per night

https://alerce.science/

PittGoogle .,
Babamul

ALeRCE

Automatic Learning for the
Rapid Classification of Events 28




Variability
Tree
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WHAT IS THE OBJECT BEHIND A SPECTRUM?

Observed Wavelength(A)
4320 4860 5400 5940 6480 7020 7560 8100

My

Spectra
3780
2.0 ik
15
1.0
0.5
3500

AGN AT SAO, 2024

4000 4500 5000 5500 6000 6500 7000 7500
Rest Wavelength (A)

SN 201 6ezh

Classified as:
Type: SN I

Redshift: 0.08
(Padova-Asiago Supernova Group)

https: / /www.wis-tns.org /object /201 6ezh

https:/ /ui.adsabs.harvard.edu/abs/2016ATel.9417

D.ILIC: OPTICAL VARIABILITY OF AGNS
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WHAT IS THE OBJECT BEHIND A SPECTRUM?

2016ezh
6dtm

per strong
emission

AGN AT SAO, 2024

Scaled Flux + Constant
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Degenracy is present.

Blanchard et al. 2017
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WHEN SPECTRA WERE TAKEN?

——

‘ % I 200 days evolution of PS16dtm
’ A g y Il

/ €S5100217 +20

| ’l I b o
o N AW RS
! M‘N K)\/V\) \ Vol '\\v/ i ( V‘v&\'w’ _,_/\/4)‘/ H‘\r.»«,./' “\-‘r—v“’\,ﬂv +84

| - transient event in an AGN
(not just any but in a Narrow-line

9 Seyfert 1
L 5 ytert 1)

m - most argue it is a TDE...

Scaled Flux + Constant

+189

b

3900 2000 5000 6000 7000 8000 3000

Rest Wavelength (A)
Blanchard et al. 2017
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]. detection
classification

2.
3. characterization
4. follow-up




alert stream - 50 magnitude limits from
and r difference images in the previous &

days, where the target associated with th
] D ET E CT I 0 N alert was not detected

Surveys & Brokers are doing an amzingly great work

—> they say that they can do better
- missing CL AGN

Example: improve detection of turning-on CL AGN with ML on multi-wavelength
variability data (optical, mid-infrared, X-ray)

glo—lz cL 77 i 3 - +ype'21
% ?? g o AGN LCC
e

7. 1 BER

- 7 BE

S 103 // / 1%

210 g? g of

g-r_méan_corr W2-w3

Lopez-Navas et al. 2023
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Surveys & Brokers are doing an amzingly
great work

27 CLASSIFICATION > they say that they can do better

—-\\

?
L«"'" ALeRCE
Automatic \ Alert
Real - O Idenhfy new TrC“nlng HasClas:ification? 11699 —
A ¥ v

| fe d TU res (Has Fade and Colour Change?] (5819

Transient ~—— ) = Periodic — '

y [Has Lightcurve Parameters?]

Stochastic O increase training sets :

[Has PS1-detected host?]

Nova / ¢

¥

(
[
\ o /’ P . . [Has WISE-detected host?] [3398
— O include pre-alert light ¢ -
la /
(
(

[Final Nuclear ML SampIeJ

(brokers to have access to

/ ' | Cataciyemic curves [Has SNCosmo parameters?]
({@u variable
N
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Figure 2. Taxonomy tree used in the current version of the ALe
ZTF, Stein et al. 2023
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3. CHARACTERISATION

|dentify light curve features

O e.g. detect periodic oscilations in quasar light
curves 2 Quasar harmonic explorer — QhX

O e.g. photometric RM = PyZDCF = Python module
of a Fortran program ZDCF (Z-transformed Discrete
Correlation Function, Alexander 1997)

ohttps: / /pyzdcf.readthedocs.io /en/latest /index.html

“Photometric reverberation mapping of AGNs”  .".-
—> Notebook on NOIRLab Astro Datalab
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Example usage:

LSST AGN DC (Richards & You 2021)
Applied on 40,000 quasars to find periodic
variability

cluster
E" ‘0 .................
M diaéonal
3 latidn cluste
:

Kovacevic et al. 202:
Kovacevic et al. 201¢

CCF and ACF using pyZDCF

1.0 —==| ACF
-=- CCF

- 08 !
=
c #
> ‘.
o 06 /
o -
© 4
— o4 . .
s / :
E l..
g o2
(=}
o

0.0

-0.2

-100 -75 -50 -25 0 25 50 75 100

Time (days)

Junkov, I., Kovacevi¢ A. B., Ilic, D., et al. 2022, AN,4§43, eZ1(


https://pyzdcf.readthedocs.io/en/latest/index.html

o
9
| C®
\ ; Las Cumbres

Observatory

TOI!

4. FOLLOW-UP

Absolutly necessary for the characterisation and understanding TOM TOOLKT iz

A

O multi-epoch spectroscopy

O multi-epoch photometry

@spss
fossio B

o multi-wavelength

Lo-Term AGN campaign
(llic et al. 2024)

PESSTE
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ASTRONOMICAL STATION VIDOJEVICA (ASV)

Observation site established by Astronomical Observatory of Belgrade.

ASV located on Mt. Vidpjevica - small light pollution, and good seeing conditions.

* About 40% of observational nights at ASV are
with very good weather for observations.

* Average seeing is 1”- 2” (best seeing ~ 0.7").
* Largest facility is 1.4m Milankovic telescope

* Possibility of fast response
(moving speed is 4-6 degree/sec)
*  Currently only photometry

* Plan: upgrade to a multi-purpose
instrument with spectroscopy
and polarimetry

Milank
Of light pollution from https://www.lightpollutionmap.info N tel




1.4M TELESCOPE MILANKOVIC

Port 1 @ telescope Milankovié
Equipped with focal reducer 0.65, focal length 7132 mm (11200 mm).

*Andor iKon-L 936:

Active pixels 2048 x 2048

Sensor size 27.6 x 27.6 mm

Pixel size (W x H) 13.5 pm x 13.5 pm
Maximum readout rate 5 MHz

Read noise 2.9 e-

Maximum cooling -100°C

*Scale 0.39 arcsec/pixel, FoV 13.3 x 13.3 arcmin
*Available filters: B, V, R, |, L, Ha, Ha_cont, SlI

Calls for proposals twice per year, https://vidojevica.aob.rs/
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Era of massive time-domain
observations of AGNs

- transient detection (CL AGNs, TDEs)
- dassification & characterization
- follow-up

Thank you. Questions?




THANK YOU! S

SAQ, September 2014
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ERASMUS MUNDUS MASTER - MASS

Erasmus Mundus Joint Master Degree (EMJMD) program in

Astrophysics and Space Science m
EACEA

Master in Astrophysics and Space Science (MASS)

Education, Audiovisual and Culture E|

2 year master studies, 120

Partner Universities:
—  University of Rome Tor Vergata, Rome Italy
—  University of Belgrade, Belgrade, Serbia
—  University of Bremen, Bremen, Germany
—  University of Céte d’Azur, Nice, France

Soon Call for 4™ Edition starting in 2025 — Deadline Feb 15, 2025

MASTER_IN ASTROPHYSI
SPACE SCIENCE

Important: student scholarships available + dedicated scholarships
for students from underrepresented regions
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