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Astronomy at University of Belgrade from 1865th  
Astronomical Observatory Belgrade (AOB) founded in 1887

2AOB, Main building Belgrade AOB 
Astronomical Station Vidojevica



• Department of Astronomy, University of Belgrade - Faculty of 
Mathematics

• Institute of Physics Belgrade, National Institute of the Republic of Serbia
• Faculty of Science, University of Kragujevac
• Mathematical Institute of the Serbian Academy of Science and Arts
• Institute "Mihajlo Pupin”  (Electrical Engineering or Computer Science)
• etc.
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• AGN core difficult to resolve with current optical telescopes (except 
w/interferometry, e.g. GRAVITY Sturm+2018, EHT Collaboration, 
2019)

we can resolve it in time-domain

• study AGN accretion disk and BLR through reverberation 
mapping:

one of the priorities of LSST AGN SC (e.g. Brandt et al. 2018)

• detect oscillation in AGN light curves, searching for periodicities
important for detection of close binary SMBHs, and possible GW 

sources (for a recent review see De Rosa et al. 2020) 7

AGN variability → hot topics 



Serbian AGN Team in LSST → SER-SAG
– members of LSST Science Collaborations: AGN, TVS, GL
Institutions: Astronomical Observatory, University of Belgrade – Faculty of Mathematics
Proposal Lead: Luka C. Popovic
Project Manager: Dragana Ilic

● we identified possible  in-kind efforts:

1. Directable software development - expertise on analysis of variability of 
celestial sources, especially AGN

2. Optical follow-up observations with AS Vidojevica

SER-SAG in-kind LSST call for 
in-kind 
proposals in 
september 
2020

1.4m Milankovic 
telescope
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Proposal for
SER-SAG in-kind 
LSST contribution

to provide 
access to 
LSST data 
rights

submitted in 
september 2020
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(2 in-kind + Kickstarter Grant + LSSTC DLE project):
Project Manager:Luka Č. Popović (AOB, UB-MATF)

Program Manager: Dragana Ilić (UB-MATF)

1.Directable software development for analysis of variability of celestial sources: Andjelka
Kovačević(lead), Viktor Radović(postdoc), Mladen Nikolić (scientific computing supervisor)

2. Optical follow-up of bright LSST transients with AS Vidojevica: Jelena Kovačević Dojčinović (lead), 
Dragana Ilić, Maša Lakićević, Sladjana Marčeta-Mandić, Ana Vudragović, Oliver Vince, Saša Simić, 
Branislav Vukotić

LSST TVS SC Kickstarter project (UK-PMF) : SašaSimic (lead) 

LSST Corp DLE project: Andjelka Kovačević(co-PI), Dragana Ilić(co-PI), Isidora Jankov (PhD student), 
Nikola Andrić Mitrović (IT student), Iva Čvorović-Hajdinjak (PhD student)

SER-SAG in-kind LSST contribution
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Dragana Ilic
Department of astronomy
University of Belgrade - Faculty of 
Mathematics

SER-SAG in-kind Project Manager
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• 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 Drilling Fields (DDFs):
– COSMOS, XMM-LSS, ECDFS, ELAIS-S1, EDFS

• AGN Variability – based on million of light 
curves with 1000 epochs over 10 years

AGN within the LSST

Learn more through AGN Science Collaboration
@https://agn.science.lsst.org
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Our contributions…
Approved by LSST Corporation
•In-kind directable software contribution, giving us access to  data amount  
with  equivalent worth 6 PIs (Data Right Holders)
•Building Deep Learning Engine (DLE) for AGN light-curves

Approved as LSST TVS SC Kickstarter project
-Data storage based on QNAP platform with 
over 250TB of available disk space 
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Project DLE: Deep Learning Engines
2021 Enabling Science Call project

”Building Deep Learning Engine (DLE) for 
AGN light-curves”

• support for student research for 10 months in 
2021-2022: we had 3 students

Visit us 
@ https://github.com/LSST-sersag/dle
@https://www.lsstcorporation.org/node/265
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https://github.com/LSST-sersag/dle


DLE task 1 (DLE1): 
Light Curve nonparametric modeling
(Conditional Neural Process) 

DLE task 2 (DLE2): 
photometric reverberation 
mapping (PhotoRM)

New tools for PhotoRM based on the formalism by 
Chelouche & Daniel (2012)
→ see Jankov et al. 2022

Learned LC will enable us to improve time-lag 
determination as a goal of PhotoRM. periodicity, etc.
→ see Cvorovic-Hajdinjak et al. 2022

LSST Enabling science: Two main DLE tasks 
published in Astronomiche Nachrichten i n 2022
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https://ui.adsabs.harvard.edu/abs/2022AN....34310090J
https://ui.adsabs.harvard.edu/abs/2022AN....34310103A/abstract


DLE task 2 (DLE2): Photometric reverberation mapping (PhotoRM)

1. New python module (pyZDCF) that emulates ZDCF - available on PyPI from October 15th!
2. New tutorial on Astro Data Lab (available soon) 

● Simple to use
● Familiar interface
● PhotoRM use case available 

in Astro Data Lab tutorial

At this moment, pyZDCF is available on Test PyPI: https://test.pypi.org/project/pyzdcf/



• deep learning of light curves originating close to SMBH, which is completely 
data driven. Our algorithm is based on PyTorch and currently trained on 150 
000 light curves of AGN from already existed databases

• extraction of  time signal delay from  light curves originating in the vicinity of 
billions of  SMBHs using machine learning techniques

• oscillatory signal mining in time domain (requires powerful GPU resources) 
from billions of stars and SMBH. The latter is related to GW nGHz candidates

• provide follow-up observations with 1.4m optical telescope

our main tasks

18



SER-SAG-1
Science Pipeline Development for analysis of variability of celestial sources 
in the LSST AGN and TVS Science Collaboration 
Contribution lead: Andjelka Kovacevic

SER-SAG-2
Optical follow-up of bright LSST transients with Milankovic 1.4 Telescope
Contribution lead: Jelena Kovacevic Dojcinovic

SER-SAG in-kind projects
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Andjelka Kovacevic
Department of astronomy
University of Belgrade - Faculty of 
Mathematics

SER-SAG1 Contribution Lead
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Rubin In-Kind half year update on 
development of time domain pipeline for  
periodicity searching

A. Kovačević1,   D. Ilić 1, V. Radović1, R. Street2 ,   L. Č. Popović1,3,  M. 
Pavlovic1,4,  M. Nikolić1, N. Andrić Mitrović1, I. Čvorović-Hajdinjak1   
1Department of Astronomy, University of Blegrade, Serbia
2Las Cumbres Observatory, Goleta, CA , USA
3Astronomical Observatory Belgrade, Serbia
4 Mathematical Institute SASA, Serbia
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LSST Community Engagement
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Andjelka B Kovačević, Dragana Ilić, Luka Č Popović, Viktor Radović, Isidora Jankov, Ilsang Yoon, Neven 
Caplar, Iva Čvorović-Hajdinjak, Saša Simić, On possible proxies of AGN light-curves cadence selection in 
future time domain surveys, Monthly Notices of the Royal Astronomical Society, Volume 505, Issue 4, August 
2021, Pages 5012–5028, https://doi.org/10.1093/mnras/stab1595

Kovacevic, Andjelka, Ilic, Dragana, Jankov, Isidora, Popovic, Luka C., Yoon, Ilsang, Radovic, Viktor, Caplar, Neven, and 
Cvorovic-Hajdinjak, Iva: LSST AGN SC Cadence Note: Two metrics on AGN variability
observable,https://docushare.lsst.org/docushare/dsweb/Get/Document-37645/Cadence_Notes-AGN_var.pdf

SER-SAG 
contribution to 
OpSim evaluations

https://doi.org/10.1093/mnras/stab1595
https://docushare.lsst.org/docushare/dsweb/Get/Document-37645/Cadence_Notes-AGN_var.pdf


????
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SER-SAG contribution 
to OpSim evaluations
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SER-SAG contributions to LINCC White Paper: From Data to Software to 
Science with the Rubin Observatory LSST: Deep Learning of LSST Light 
curves



SER-SAG contributions to LINCC White Paper: From Data to Software 
to Science with the Rubin Observatory  LSST: Deep Learning for AGN 
selection
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SER-SAG contributions to 
LSST AGN SC Data Challenge
in prep
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LSST Inkind contribution -
synergy AGN SC +TVS SC
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LSST SER-SAG-1 TEAM
(In-kind+LSSTC DLE project):
Project Manager: Luka  Č. Popović (AOB, UB-MATF)
Program Manager: Dragana Ilić (UB-MATF)
SER-SAG-1: In-kind directable software contribution (UB-MATF): Anđelka 
Kovačević (lead), Viktor Radović (postdoc), Marina Pavlovic (soon postdoc),Rachel 
Street (scientific supervisor), Sheyuan He ,Miljan Knezevic (statistical supervisors), 
Mladen Nikolić (scientific computing supervisor)

LSST Corp DLE project: Anđelka Kovačević (co-PI), Dragana Ilić(co-PI), Isidora 
Jankov (PhD student), Nikola Andrić Mitrović (IT student), Iva Čvorović-Hajdinjak 
(PhD student)
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2) SER-SAG-1 Directable Software Team
S1.4.2 Deliverables: One Sentence Summary

SER-SAG staff aims to provide skilled software development effort, using already-secured funding, at the level of 0.9 FTE during
the first two years followed by 0.6 FTE per year for next 3 years, starting in FY22.  

S1.4.3 Deliverables: Timeline

FY22: Dr. Andjelka Kovacevic (senior dedicated to software code development, 0.5 FTE), Viktor Radovic (postdoc 0.3 FTE), Dr.
Mladen Nikolic (software engineer, 0.1 FTE),

FY23: Dr. Andjelka Kovacevic (senior dedicated to software code development 0.5 FTE), Viktor Radovic (postdoc 0.3 FTE), Dr.
Mladen Nikolic (software engineer, 0.1 FTE),

FY24: Dr. Viktor Radovic (postdoc, 0.5 FTE), Dr. Mladen Nikolic (software engineer, 0.1 FTE)

FY25: Dr. Viktor Radovic(postdoc, 0.5 FTE), Dr. Mladen Nikolic (software engineer, 0.1 FTE),

FY26: New hire postdoc (0.5 FTE), Dr. Mladen Nikolic (software engineer, 0.1 FTE)

FY27-FY35: potential continued contribution of development effort.

Dr. Andjelka Kovacevic will act as a single point of contact with the recipients for this programme, but the other team members
will also be embedded within the recipient teams. From FY24, Dr Viktor Radovic will become a single point of contact.

Contribution Lead and Point of Contact: Andjelka Kovacevic: andjelka@math.rs
Program Manager:                                                Dragana Ilic: dilic@math.rs
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1) Motivation-Draft Rubin Timeseries 
Features
FEATURES ARE SPLIT IN 4 CATEGORIES:

- summary  statistic, 
- periodicity,
- stochastic variability,
- transient 

characterisation E. Belim @ LSST PCW 2021

https://project.lsst.org/meetings/rubin2021/content/timeseries-variability-features 31

https://docs.google.com/spreadsheets/d/1wnt0Xxi9gMnZ4fleCbbNd29MZfhHJ0uTyfg_cnSipnA/edit?usp=sharing


1) Motivation-Draft Rubin Timeseries Features

G. Richards, M. Graham @ LSST PCW 2021

G. Richards, W. Yu @ LSST PCW 2021

https://project.lsst.org/meetings/rubin2021/content/timeseries-variability-features 32

https://docs.google.com/spreadsheets/d/1wnt0Xxi9gMnZ4fleCbbNd29MZfhHJ0uTyfg_cnSipnA/edit?usp=sharing


1) Motivation- tie to AGN SC roadmap
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1) Motivation-TVS Software proposals

SER-SAG  contribution is embedded in TVS SC

SER-SAG Contribution Team presented  Contribution 
@TVS Software Workshops:
28 & 29, October 2021;  May 4 & 5, 2022

Lovro Palaversa
Light curve metrics and 
period search

Although not explicitly mention, most of the DDF and Intrinsic 
Galactic and Local Universe science cases relevant to TVS 
imply that software needed to compute basic metrics and 
determine the periods of the sources will be required.

TVS comment on necessity of efforts on periodicity detection:
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map integration along any period 
axis

Under the hood period detection unit: 2D Hybrid method
Under the hood periodicity 
detection-
Sci case  (data) supplied by CPG  Inkind 
Team

● preprocessing with DGP, 
ANN+DGP

● period detection with  
WWZmatrix coefficients
(inhomogenous cadence) +  error 

and significance estimate
● period detection with SUPERLET 

matrix coefficients (homogenous 
cadenced LC) +  error and 
significance estimate

Frequency

Co
rr

el
at

io
n 

pe
ak

2D map

correlation 
clustermain diagonal

off-diagonal 
corr.cluster

Kovačević @ al 2018, 2019, l 2020, 2021

Step 0: Gaussian Process/CNP or original LC
Step1: Calculation of c wavelet mztrices and

their envelopes
Step2: Spearman correlation of wavelets envelopes

https://ui.adsabs.harvard.edu/abs/2018MNRAS.475.2051K/abstract
https://ui.adsabs.harvard.edu/abs/2019ApJ...871...32K/abstract
https://ui.adsabs.harvard.edu/abs/2020MNRAS.494.4069K/abstract
https://ui.adsabs.harvard.edu/abs/2021MNRAS.505.5012K/abstract
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3) Current status
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Initial run on LSST AGN Data Challenge  second 
version  on 1000 lc having >100 points

Andjelka to ADD
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CNP examples

41

Cvorovic-Hajdinjak et al 2021

FWD BACK

Čvorović-Hajdinjak @al 2021, 2022

https://ui.adsabs.harvard.edu/abs/2022AN....34310103A/abstract
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Mock Light curve designed by  POL-NCB-
S6 Inkind team, 
Panda & Czerny 2022

4) Initial user case for pipeline: 



Luka Popovic
Astronomical Observatory Belgrade

SER-SAG Project Lead
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Some future work: Model of Super Massive Binary 
Black Holes (SMBBHs)

Schematic presentation of SMBBH 
system

Temperature profile of the disk, 
for aphelion and perihelion phase

Popović, L. Č.; Simić, 
S.; Kovačević, A.; Ilić, D.
2021, MNRAS, 505, 51
.



Super Massive Binary Black Hole Model
SED fit in case of 3C273 
galaxy

Example of spectra close to the Hbeta 
line and OIII doublet for aphelion position

Mean profile of Hbeta line during the four 
full rotation of the system and respectfull 

rms.



Super Massive Binary Black Hole Model

Lilghtcurves for 4 full orbits of the SMBBH system. Blue line 70% 
and red line 30% contribution of cBLR, black line designate 
continuum variability.



Super Massive Binary Black Hole Model

Spectra of UGRIZY filters

SMBBH spectra z=0

SMBBH spectra z=0.2



Jelena Kovačević 
Dojčinović

Astronomical Observatory Belgrade

SER-SAG2 Contribution Lead
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LSST TELESCOPE IN-KIND CONTRIBUTION 
(SER-SAG-S2)

- LSST is expected to  produce several million alerts per night. 

- In order to characterize and supplement the LSST discoveries, follow-up observations of many 
telescopes around the world are required.

- LSST follow-up observations would be coordinated through the Astronomical Event 
Observatory Network (AEON) – the network  of telescopes ranging from 0.4m to 8m in 
aperture, distributed across the world. 

- our in-kind proposal to LSST for follow-up photometric observations with Milankovic 1.4m 
telescope at Astronomical Station Vidojevica (ASV) is accepted (SER-SAG-S2). 
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SER-SAG-S2 Team : Jelena Kovačević Dojčinović (lead), Dragana Ilić, Maša Lakićević, Sladjana 
Marčeta-Mandić, Ana Vudragović, Oliver Vince, Saša Simić, Branislav Vukotić.

SER-SAG-S2 team tasks:

- securing observing nights within the Astronomical Station Vidojevica Time-Allocation Committee.

- observations will be fully supported by SER-SEG-S2 team

- data will be reduced and available for download in 72h, and kept on the SER-SAG cloud.

SER-SAG-S2
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Observations at ASV: characteristics of the Milankovic 1.4 m telescope

- About 1/3 of observational nights at ASV are with very 
good weather for observations. Months with best weather 
for observations are August and September.

- Average seeing is 1’’-1.5’’ (best seeing ~ 0.7'').

- Milankovic 1.4 m telescope: mechanics and optics are of 
excellent quality. (Mechanics: Astrosysteme Austria 
(ASA), IkonL CCD camera.)

Milankovic 1.4 m telescope
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Observations at ASV: characteristics of the Milankovic 1.4 m telescope
- Milankovic 1.4 m telescope we can well observe objects with  <19 mag.

- With special technique of observation (L-band, large dithering and large exposure time of few hours), 
some structures in nearby galaxies can be seen with surface brightness limit of 28.4 ± 0.04 mag/arcsec2 
(Vudragovic et al. 2021, Muller et al. 2019).

Duc et al. 2015

- E.g. for exposure time of one hour 
and a half, the depth of the SDSS 
observations could been reached 
with Milankovic telescope in all the 
filters.

NGC 474
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What we did up to now...
- applied for and secured 18 observing nights with Milankovic 1.4 m telescope at Astronomical 

Station Vidojevica (ASV);

- performed photometric observations within allocated nights. Out of 18 allocated, 8 nights were 
successful, other had poor weather conditions; During these 8 nights, we made 48 observations of 
31 different object.

- explored Tom Toolkit possibilities, focusing on the access to alerts. Within the allocated nights, 
we observed several alerts from different brokers (e.g., Alerce), which were accessed directly 
through Tom Toolkit;

- developed a customized pipeline in python for data reduction and standard aperture photometry, 
to assure that the reduced data will be available in 72h after observation;

- made web-page for SER-SAG-S2 at http://astro-cloud.pmf.kg.ac.rs/asv.html 
- obtained the grant from LSST for SER-SAG cloud storage.
- submitted the FY22 Annual Evaluation Form for SER-SAG-S2.
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Future plans:

1. to further develop data reduction pipeline and explore Tom 
Toolkit possibilities;

1. to train the observers and develop the skills needed for 
integration of Milankovic 1.4 m telescope in AEON;

1. to accept observing proposals from AEON network.
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Summary

Two in-kind contributions:
1. In-kind directable software contribution 

2. Telescope in-kind contribution

We are open for regional collaboration
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Thank you for your attention!


