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Modern observational methods in astronomy:

e Large telescopes on the ground

e Telescopes above the atmosphere
(spacecrafts)

e Large sky surveys: digital sensor
technology (CCD), information
technology (data processing and
data distribution), many objects
observed at the same time

Modern astronomical surveys detect billions of objects: huge
statistical power for studying the history and structure of the

Universe
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Why do we need another sky survey, such as LSST?
Is it worth the investment of 1,400,000,000 USD?

o1 A
NS

Slide credit: Hiro
Mi yatake

Galaxy Imaglng Surveys

LSST will be delivered by the

Vera C. Rubin Observatory
as its first, 10-year long project.

[3

LSST will not have the largest mirror but will
have by far the largest the mirror area X the
field-of-view size (etendue or throughput)

s lational 1= . .
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Science motivation for undertaking the

e Expansion and history of the Universe and the growth of structure

(dark matter, dark energy, cosmology, spatial distribution of galaxies, gravitational lensing, supernovae):
“Was Einstein right?“

e Time domain: what changes on the sky? (cosmic explosions, variable stars, unknown unknowns)
e The Solar System structure

(near-Earth hazardous asteroids, main-belt asteroids, trans-Neptunian objects, comets)

e The Milky Way structure
(stars as tracers of the structure and evolution of our Galaxy, interstellar matter, the physics of stars)

All these diverse goals addressed with essentially a single dataset!

S L i e o .
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By simultaneously measuring growth of structure
and curvature, LSST data will tell us whether the
recent acceleration is due to dark energy or
modified gravity.

Milky Way science with coadded LSST data

I I I I o I I |\I I I | I I I
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L ‘ \ -—-- Cluster 4
- —] . LSST:
0.5 i ] Turn-off stars e DES: * 100 kpc
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= 0F . g
o
[}
L s =
: : ;
-05 __ T _ 3 i
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inset: SDSS map to dimit = 10 kpc

-14 -1.2 -1 -0.8 -0.6
LSST Science Book 20201,/Vﬁgure 15.3
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SDSS-LSST comparison: LSST=d(SDSS)/dt, LSST=SuperSDSS
Basic idea behind LSST: A uniform sky survey. AR A ey e e e
* ~90% of time will be spent on a uniform survey: .

every-3-4-nights,the-whole-observable-sky-wilt-be
scanned twice per night

« after 10 years, half of the sky will be imaged about
1000 times (in 6 bandpasses, ugrizy): a digital color
movie of the sky

« ~100 PB of data: about 2.5 million 3.2 Gpix images A d e A
(visits), enabling measurements for 40 billion objects S REEMOE S
e R LSST (Subaru)

night=1500

(éeep L;ar'\sv Survey): -

_ . LSST in one sentence:
basic unit for data  Ap optical/near-IR survey of half
taking; baseline assumes a  the sky in ugrizy bands to r~27.5

total exposure time per (36 n)y) based on ~825 visits over

visit of 30 sec, split into a |0-year period: deep wide fast.
two back-to-back LSST will collect about 2.5

| HIH P el H
23 Exgal coadded depth in r (mags) 27 eXPOSUI"eS Of |5 SeC eaCh mllllon V|Slts- EaCh VISIt reSUItS n

10-year simulation of LSST survey: the number of =2 5
visits in the r band (Aitoff projection of eq. a 3.2 Gpix image of 9.6 sq.deg.

cggrdinates -
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Getting ready for ... Legacy Survey of Space and Time ++ IVEZIC et al. +191 ApJ

Increase of astronomical data volume

10,000
SKA (ﬁle telescope will produce the deepest, \
it /‘ LSST widest, image of the Universe:

100

® LHC

Eho Agf/,/
8 4////,
O
a1

+ 8.4-m mirror, the width of a singles tennis court

L5 % S + 3200 megapixel camera
" AL . Eachimage the size of 40 full moons
0.1 > . SDSS + 37 billion stars and galaxies
0.01 + 10year survey of the sky
0,001 o DPOSS « Up to 10 million alerts,

1990 2000 2010 2020 2030 « 20 Terabytes of data .. every night!

Vear K

LSST = / Observatory + Telescope + Camera + Data Management System

— Fully Reduced Data

www.lsst.or
g

LSST (images+catalogs) )) Scientific discoveries

$ head -n 3 output/galaxy_catalog.dat

galtileid, objectld, ral)2000, decl2000, redshift, u_ab, g_ab, r_ab, i_ab, z_ab,
222500350435, 222500350435, 199.56648010, -9.28911042, 0.87100780, 24.72078514,
222501392641, 222501392641, 199.57937323, -9.29996667, 0.70250392, 26.08153725,

Rubin Science Assembly  Acronyms & Glossary
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Announcements

rubinobservatory.org/news/Isst-camera-installed

ZINN TR

veusorgg ALRIER |2

7 5/ -

- The LSST Science Camera has
been installed on the telescope.

-Next steps - taking place now:

* connecting the refrigeration system
* hooking up power and data lines
*alignment

Rubin Science A bly  Acronyms & Glossary
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Data Management System Vision

Raw Data: 20TB/night Prompt Data Products

Sequential 30s images Alerts: up to 10 million per night

Results of Difference Image
Analysis (DIA): transient and
variable sources

O

Solar System Objects: ~ 6 million

J0N3I2S

Data Release Data Products

awd

Final 10yr Data Release:
eImages: 5.5 million x 3.2 Gpx
eCatalog: 15PB, 37 billion

objects

SaN\-\a

Rubin Science Platform

Access to proprie’tary Provides access to Rubin Data Products

data and the Science and services for all science users and

Platform require Rubin  °o/°°! St s
data rights ‘ Malagon +22

via nightly alert streams
] (o> mrmyense

| it oo o o
via Prompt Products
24h Database

via Data Releases

Rubin Science Platform (RSP)

|
NOTEBOOKS E

PORTAL

= 3
|-

ALERT FILTERING

SERVICE USER DATABASES

Community
Brokers

()
Yo
@@

Alert Filtering
Service

Rubin DACs
(USDF & Chile)

Independent
DACs (iDACs)

WEB APIs

@ o™

SOFTWARE TOOLS
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. French Site .
CC-IN2P3, Lyon, France
French Data Facility. -
Data Release Pioduction™
Long-te?m Storage (copy 3).

NN
; Obsér\iatory |
* Rubin Operations:
Sutes & Data FIows

. .

Rubm Observatory
Data Facility

National Center for Supercomputing
Applications (NCSA), Urbana-Champagre, IL

Processing Center
Alert Production .
Data Release Production
Calibration Products Production
* EPO Infrastructure
Lon'g-!errn Storage (copy 2)

Data Access Center
Data Access and User Services

. R \ .A -
. HQ Site
% . Tucson, AZ
Sc-ence Operanons
. Obﬁervatory Management
. Education & Public Qutreach 5

Base Site - . i N
La Serena, Chile Summit Site
Cerro Pachén, Chile -

Telescope & Camera
Data Acquisition
Crosstalk Correction. *

,Base Center
Long-!erm stovage (copy 1)

Data Access Center
Data Access & User Services

. -8
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g

A, - ; ;
encmen  This is a massive software development project

OBSERVATORY

Software underpins all DM services: from

Lines of LSST Science Pipelines code and comments

hardware management and controlling data M~
flows, through scientific pipelines and PO | e o o

w . W ~—— C++ comment
algorithms, to making data accessible to users.

200000 A

The Rubin system undertakes a uniquely
complex, systematics-limited, latency-sensitive
process, which makes the quality of our

150000 +

100000 -

software critical. 50000 -

We have over one million lines of code & E 2014 2015 2016 2017 2018 2019 2020
Comments in a miXtUI"e Of Figure courtesy Tim Jenness.
C++/Python/Java/JavaScript/Kotlin Based on the Science Pipelines codebase only.

(Jenness et al., Proc SPIE, 2018).  Malagon +22

st ol
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Variability
Tree

Time Domain:
"objects changing in time"

B s
" (e
1) positions: —y
. Z. 8 —
a) fast: asteroids, comets Com2) (o)

b) slow: stellar proper motions ‘ﬁm =

2) brightness:
cosmic explosions, variable stars
(or periodic vs. irregular, etc.) and everything else

Ever & Mowlavi 2007

i
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What is the Rubin LSST In-kind Program?

43 teams outside the US and Chile are making in-kind contributions to Rubin Observatory and LSST Science in return for LSST data rights.

P =~
P IDACs & SPCs
. ~10 international centres
YER?IE ?H?'.'f conu-lbuung
g N
{ : T
e of ke 11 programs spamlng X-ray, UV,
e.g. DRP in France and R&
UK, plus various — > OMI b '“OID e
. engineers and scientists L
- 4 . .
Rubin In-kind

" Facility enhancements: Software Development

e.g. SW dey, EPO, = P rog ram 270 FTE in committed directable,

PSF/LSST Camera I&T, non-directable and general pool
MASCARA/DREAM all sky & effort to Rubin and SCs J
camera = —y
Ve - o) '8 Telescope Time ™
Commissioning 8 countries
Contributions of effort from 5 16 1-10m telescopes
international teams. Photometry and spectroscopy
\« J - Transient capability /

t:—_g XE’S‘QRCV EEOBLQ souonsl  ENERGY, | ortceotscence Rubin Science Assembly  Acronyms & Glossary
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Proposal Title: AOB’s and UBMatF’s In-kind Contributions to the Vera C. Rubin
Observatory Legacy Survey of Space and Time

Participating Institutions: Astronomical Observatory — Belgrade (AOB) and University of Belgrade -

Proposal for Faculty of Mathematics (UBMatF)
SER-SAG in-kind Program Code: SER-SAG
LSST contribution Key Personnel:
Proposal Lead: Dr Luka C. Popovic
to provide Email: Ipopovic@aob.rs
Address: Astronomical Observatory - Belgrade, Volgina 7, Belgrade, Serbia
access to
Program Manager: Dr Dragana llic
LSST data o
Email: dilic@matf.bg.ac.rs
ri g htS Address: University of Belgrade - Faculty of Mathematics, Studentski trg 16, Belgrade, Serbia

Contribution Lead: Dr Masa Lakicevic
su b m Itted | N Email: mlakicevic@aob.rs

Address: Astronomical Observatory - Belgrade, Volgina 7, 11000 Belgrade, Serbia
september 2020 voRee & &
Contribution Lead: Dr Andjelka Kovacevic

elka@matf be ac.rs
wajeika@matr.pg.ac.rs

4= VERA C.RUBIN US. National e ' .
¥ 0BSERVATORY @“ ENERG‘I' orssee Address: University of Belgrade - Faculty of Mathematic&"StUgERtERT thg 16: Belgrade:Ser IJia 15

(o8



https://www.lsst.org/scientists/glossary-acronyms

Letter of Interests

CEC/Rubi
LOI Code Contribution Title / .. Contribution Feedback
n Priority
SER-SAG- Software for analysis of (2) The CEC recommends you develop and include this contribution
950 N. Cherry Avenue, 1 variability of celestial Medium in yogr pr.oposal, if your funding constraints require |f(. The
sources contribution would fall under the category of “non-directable”

Tucson, AZ 85719.
www.Isst.org

effort since the software is offered “as is” incorporating methods
developed by the proposing team. We strongly suggest to
develop the proposed contribution together with the targeted
Serbia SAGNT Proposal Team. Science Collaboration to receive endorsement of the final
Program Code: SER-SAG proposal. Based on feedback from the AGN SC, while some of the
features of the packages may be of broader interest, a full
proposal should be developed under close guidance of the SC,
particularly with respect to the methodology, software design,
Feedback on your Rubin LSST in-kind contribution ideas and output. The recipient group expected for this contribution is
the LSST AGN Science Collaboration, please do work with them as

Luka Popovic,

Friday July 31, 2020

Dear Luka,

you develop your proposal.
The Rubin Legacy Survey of Space and Time (LSST) International In-kind Contribution SER-SAG- Optical follow-up of bright (2) The CEC recommends you develop and include this contribution
Evaluation Committee (CEC) has completed its evaluation of your Letter of Intent (LOI), and 2 LSST transients Medium in your proposal, if your funding constraints require it. Though
has prepared some brief feedback for you to help you prepare a full proposal for LSST data these facilities offer limited visibility of LSST sources, their

potential could be enhanced by exploring networking options via
AEON. Indeed, Rubin expects all observing time at facilities with
apertures less than 4-m to be contributed to the AEON network.
The recipient group expected for this contribution is the NOIRLab
Observatories and the AEON network, please do work with them

o ENERGY, | orscoorsserse Rubin Science Assembly  Acronyms & Glossary
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Taxonomy of AGN

Radio-Loud Broad Line

Blazar Quasar Radio Galaxy

Narrow Line

Jet \\ L l /Radio Galaxy

Narrow line

region o
&° X
2 RS
Broad line £ o
region A
Black
hole h Seyfert 2

Accretion
disc

Dusty
torus

\ Seyfert 1

Not to scale! Radio-Quiet Quasar

Various classes of AGN

The difference between the “Broad line (or “Seyfert

type 17) and “Narrow line” (“Seyfert type 2” AGN can
be explained by the orientation of the system to our
line of sight

When observed perpendicular to the axis of
symmetry - the broad line emission is absorbed by
the dusty torus surrounding the nucleus

Cygnus A
(3C 405)

HST closeup

Optical image of M87 revealing its jet

Some, but not AGN show powerful radio emission
often in a form of relativistic jet

TORY S Foundaiin ENERGY. | orieserscerce

Y §
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Optical spectra of active galactic nuclei

T e Seyfert 1
NGC 4151

o

BL Lac object
0814+425

e Mostif not all AGN show
prominent emission lines
Seyfert 2 i i i
oy : S allowmgthe determmapon
e AV | of redshift and thus their
Mean quasar A . distance
e Theluminosity of the
1 compact nucleus can be
M oy & . e greater than the host galaxy,
' often reaching 10* erg/s in
M oo F NLRG

o Arl|AA"w,mrk|,g'-.m;:1pff ; Cygnus A the OptiC al / UV
LN ormal galaxy
f"~'r"\rar'i||| l NGC 3368

(RS

l\‘h"'LNL_/' Nin / 1\J‘I

Intensity

> @

LINER J
NGC 4579 |

Intensity
S O N e 23
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Line of evidence for a black hole in AGN

Velocity Profiles
in the M87 Core

Model: central mass 3.2x10° solar masses

0.0
Position, arcseconds

‘Wavelength ——= 3720

Hubble Space Telescope data Event Horizon Telescope data: “shadow of the black hole”

Positionally-resolved optical spectroscopy, and radio imaging of circum-nuclear gas around the nucleus of M87:
e Requires compact and massive (~3 x 10° Solar masses) central object

Rubin Science Assembly  Acronyms & Glossary
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AGN within the LSST

* discovery about 10 million quasars Mi|

— based on colors, variability, lack of proper motion -l
— detection of ~10,000 quasars at 6<z<7.5 r
e 5 Deep Drilling Fields (DDFs): _323'
— COSMOS, XMM-LSS, ECDFS, ELAIS-S1, EDFS |
* AGN Variability — based on million of light N / e

"/
A
o

g “Teds!

Redshift, z

curves with 1000 epochs over 10 years _
Top: absolute magnitude vs
redshift diagram for quasars

Learn more through AGN Science Collaboration
@https://a.gn.sqience.|§§t.or

ubin Science A y Acfonyms & Glossary
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The Legacy Survey of Space and Time (LSST)

Observing Strategy Simulation v4.2

LSST will contribute to AGN
studies primarily by its:
1. Large volume

2. Fast cadence multi-band time series
events

Rolling cadence and target-of-opportunity
(ToO) observations will be adopted, with
details to be determined (ls.st/pstn-056)

80 160 240 320 400 480 560 640 720 8(l)08é0

Number of observations at 10 years in all filters ugrizy

Y

=% VERA C.RUBIN G Nl NN s survey-strategy.Isst.io Metric Evaluation Outputs Rublnc IR R e e i 2

,.
!
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Variability Studies

Lag Residuals

629115200005576
18.0
185 \
19.0 \ ’

magnitude

~N -
o b
o w
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b -
-
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MJD

59000
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3
£ 19.0
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20.0

20.5

634110400007229 827113200013781
|
g 155 k
Lol
3160
| ' ‘ r< \: .
. | K gls.s \
“ b 17.0 B .“
58500 59000 58500 59000
MJD MJD

Sanchez-Saez et al. 2021

Anomalous variability events.

¢ SDSS | I g—b?lmd
40 @ Bok ]
= L CFHT : of
2 c}oiﬁﬁ’ 4)5@% °:E‘0" o8 o
A I ] N i@ B
S 30 - B ‘?QQ %.,oﬁﬂ O‘? :m _
8 i-band
500 4 ok ]
E mog 1 A% é:: + §o a
= % gl L e e o
L: 45_ %Q H E Cfﬁ#‘o& %?gp ! () ]
700 750 800 850
M.JD-56000

Accretion disk reverberation mapping.
(Homayouni et al. 2019)

5[ Tobs - Tss7s < 1o = 36.0%
Wt avg(Tons/Tss3) = 0.6

.0 | median(7y,s/Tgs73) = 2.09

=10 -5 0
Tobs - Tss73 (days)

+== VERA C.RUBIN . National P
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Periodic variability?

Rapid formation of supermassive black holes at high redshifts is a
mystery!
e hard to grow a black hole rapidly

One viable scenario is a growth of black holes in the early Universe
via mergers

Before a merger, a binary black hole should reveal
nearly-strictly-periodic variability of flux (ending in a “chirp”)

Long time series obtained with Rubin could be able to discover such
periodic emission from binary black holes

-
<

Flux(0.3 — 2keV)[10~tergcm=2571]
En v o~

N
o

Frulmjy]

-
7}

[
o N O

2005

Te1,. 112006 112007 112008 112009 112010 112011 112012 112013 112014 112015 112016 112017 112018 112019 112020 1121 112022 112p23 [

N
=)

o o

Radio [15 GHz]

L e & .
] J. | ] | t,"\ * ’:\
] \ Y B Y
Wl sl
. Optlcaliter] | : ’s \i | .
LA VLN Y, wﬁ, BahsE g
' [)

54000 58000

Multi-band light curve of a possibly periodic AGN -
PG 1553, Abdollahi et al., arXiv:2501.08015

»

i ENERGY | orrceoscre
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Multi-wavelength variability

[erg/cm®/s]  [ph/cm?/s]

PD [%]

EVPA [degree]

7]

“Radio-quiet” AGN show emission in optical, UV, and X-rays 4 Panagiotou et l.
“Radio-loud” AGN, in addition, radiate in radio, X-ray, and gamma-ray bands SFT T T T T T T
. ope . . « 4 [ % o ]
Flux variability in all bands is a common characteristic of AGN i é’fw VR 1
|
4+ FaNy “_,4 W e -
0l 10) f“ 4 E>200 MeV (Fermi-LAT) 2? } } } "T‘ } } } } I } I -
T s F NN ,M%,,.‘ww.,,w, RRTON ;:
161 107 ) f ‘ X-ray [i 10 keV] , ';2 5
Ty AR e G § 15
_ e ?‘r «.\ 2 band E:)" 1'_
:; N ‘* "-‘)S s " i W2 band :
Bt o s Fr o g ¥
sofd N M
:: #J(V " . + Polarization degree , E= 12
. s R t F Wil
f ,,,,,, 4.-/:;‘:‘, ',’j t,.,,, - f‘ﬂﬂ:i;f‘j“:: ongle T Mt ‘ f'M Nt ]
o ' MR T
T Wlwe Tt | L L L B A B B )
wff When a quasar is gravitationally lensed resulting in P e T T ]
WY e s &imamaeg ST 4 Multiple images, the time-delay of multiple light curves can ] Y T Y 2
b e . 2.1 constrain the Hubble constant (Melissa’s Assembly of i Pl A
[MID — 54000] March 27) - ﬂ‘,a'm\w gt P i
Multi-band light curve of a jet-dominated, R ‘_67‘50 e
“radio-loud” AGN 3C279 (Hayashida et al., . . fme(HID-2450000)
arXiv:1502.04699 Multi-band opt/UV light curve of a radio-quiet AGN NGC

5548 (Panagiotou et al. arXiv:2009.09693

ENERGY | oresatscerce Rubin Science Assembly ~ Acronyms & Glossary
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SER-SAG In-kind contribution to the LSST

University Belgrade - Faculty of Mathematics and Astronomical > 3=
observatory Belgrade, Data Rights for 6 Pls .4{ ‘%‘ .« o N
- g

Project Managers: Luka PopoviC, Dragana lli¢

ey 0

-

ok
L)
wop

T Y T
eyl w SEX sl Wit NX
bhidele (02000

4PI1-SER-SAG1: directable software contribution o e

eural process modeling o
(MATF): quasar gj
Andelka KovacCevic¢ (lead), Sasa Simi¢, Mladen Nikoli¢

SER-SAG2: Telescope follow-up (AOB): MaSa LakiCeviC (lead)

e oo
Pl Milankovic 1.4 m

o AT - telescope
Fine m‘ Universit Of Belgrade Rubin Sciencel( ......... B R s xocca— i’ |

Faculty of Mathematics

25


https://www.lsst.org/scientists/glossary-acronyms

INTERNATIONAL CONTRIBUTIONS AND DATA RIGHTS AGREEMENT
FOR
VERA C. RUBIN OBSERVATORY

(HEREINAFTER “ICDR AGREEMENT,” “IDRA,” or “Agreement”) NO. R0013

BY AND AMONG

ASSOCIATION OF UNIVERSITIES FOR RESEARCH IN ASTRONOMY, INC.

(HEREINAFTER “AURA”)

AND

ASTRONOMICAL OBSERVATORY,
UNIVERSITY OF BELGRADE, FACULTY OF MATHEMATICS (DEPARTMENT OF ASTRONOMY)

(HEREINAFTER “PARTICIPANT”)

J an 2025 AURA AND PARTICIPANT COLLECTIVELY REFERRED TO

AS THE “PARTIES” AND SEPARATELY AS A “PARTY”

+== VERA C.RUBIN el MATOD
¥ ::§: T University of Belgrade
P o > Facultyof’MaLhemach
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Bob Blum, Director for Rubin Operations

“Participation of our outstanding Serbian colleagues in
Rubin’s LSST is crucial to maximizing the impact of
science we can do with the US led Legacy Survey of
Space and Time.

Their contributions to analysis code and additional  [3F5
telescope resources will greatly enhance the tools and " "'I.BbeUm
capabilities available to our community.”

September 2023

*Agreement with AURA has been finalized! AU RA

27
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Neural Process Probabilistic Modeling +
Nonlinear Analysis of Periodic Quasar Light Curves

54434
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Project description

QhX: Quasar harmonics eXplorer

) Python CI Workflow 9] ) pages-build-deployment /B

Framework for 2D Hybrid Method.

QhX 0.2.0

pip install Qhx @

‘ v Latest version

Released: Nov 17,2024

JOSS Submitted

Project description
Conditional neural process

QNPy Documentation

Project description

QNPy_Latte Attentive Lattent NP

Latent ATTEntive Neural Processes for Quasar Light Curves with parametric recovery

By Aman Nadimpalli Raju, Andjelka Kovacevic, Marina Pavlovic, Dragana llic, Iva Cvorovic-|

Hajdinjak (SER-SAG-S1 team)

‘ v Latest version

Released: Mar 25, 2024

‘ v Latest version

Released: Oct 24, 2024
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e Developing deep learning engines (DLEs)
for non-parametric modeling and
extracting of information from AGN

light-curves m

CORPORATION

INVESTING IN DISCOVERY

* support for student research for 10
months in 2021-2022

e Publicly available Jupyther notebooks as
final products
* https://github.com/LSST-sersag/dle

Beograd, Oct 2023 [li¢, KovaCevi¢: AGN in LSST

Building Deep Learning Engine for AGN Light-
Curves (2021-11)

User Login

2021 Enabling
Science Call for
Proposals

The LSSTC Enabling
Science Program 2021
Award Recipients.

The LSSTC Enabling
Science program has
awarded funding to 38
out of over 57 requests
submitted in response
to its 2021 call for
proposals.

See the
Awardees

LSSTC's

wiSER-SAG-S1 DLEs: Deep Learning Engines Ma@

“The LSST Exploring transient optical sky-science o
No. 14 focuses on LSST light curves (LC) of active galactic nuclei
(AGN) for photometric reverberation mapping (PhotoRM). We are

building a deep learnir
modeling and
to the LSST operations, be adaptable to non-AGN LC. and be
tested on LSST Data Previews.

ng engine (DLE) for AGN-LC nonparametric
he PhotoRM procedure to respond
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Two projects --> papers

It

@ DLE subtask 1 (DLE1): LC nonparametric

modeling (Conditional Neural Process)

15 1

70 1

6.5 1

6.0 1

Flux

2.9 1

5.0 1

® context
45 4 = pediction

56800 57000

57200 57400 57600 57800
Julian date (|D-2400000)

58000

Learned LC will enable us to improve time-lag

determination as a goal of PhotoRM.

Beograd, Oct 2023

[li¢, KovaCevi¢: AGN in LSST

DLE subtask 2 (DLE2): photometric reverberation
“Ket

Filter response

mapping (PhotoRM)

044

o
w

o
()

0.1

0.0

2000 4000 6000 8000 10000
Wavelength (A)

New tools for PhotoRM based on the formalism by
Chelouche & Daniel (2Q12).

cience Assembly  Acronyms & Glossary
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SER-SAG-S1 Publications

OPSIM EVALUATION

Andjelka B Kovaéevi¢, Dragana Ili¢, Luka C Popovi¢, Viktor Radovi¢, Isidora Jankoyv, llsang Yoon, Neven Caplar, lva Cvorovié-Hajdinjak, Sasa Simi¢, 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, llic, Dragana, Jankov, Isidora, Popovic, Luka C., Yoon, lIsang, Radovic, Viktor, Caplar, Neven, and Cvorovic-Hajdinjak, Iva:
ttps://docushare.lsst.org/docushare/dsweb/Get/Document-37645/Cadence Notes-AGN var.pdf

LSST AGN SC Cadence Note: Two metrics on AGN variability observable,h

Kovacevic A.~B., Radovic V,, Ilic D., Popovic L. C., Assef R.~J., Sanchez-Saez P, Nikutta R,, et al. The LSST Era of Supermassive Black Hole Accretion Disk Reverberation

Mapping, ApJS, 2022, 262,49

LINCC White Paper: From Data to Software to Science with the Rubin Observatory LSST: Deep Learning of LSST Light curves:

SER-SAG’; Conditional Neural Processes for learning AGN light curves

SER-SAG: Developing machine learning methods for AGN selection and calculating photometric redshift

LSST AGN SC Data Cha”enge The LSST AGN Data Challenge: Selection methods

¥ WeIxian Yu
,® RapuaeL Suriey @2
312 Luka C. Porovic @,
GorpoN T. RICHARDS

Poroe V.Savic ©,1? Isinora Jankov
QunGLING Ni
DraGANA ILI6

,* Vincenzo Petrecca ©,%® Martuew J. TEMPLE
311 Muapex Nikowic © 2
14

* Avp ALzxsANDRA CIPRIANOVIG

*Institut d’Astrophysique et de Gophysique, Université de Litge
Allde du 6 Aoat 19c, 4000 Lidge, Belgium
2 Astronomical Observatory, Volgina 7, 11000 Belgrade, Serbia
3 University of Belgrade - Faculty of Mathematics, Department of astronomy, Studentski trg 16 Belgrade, Serbia
Drezel University, Department of Physics, 32 S. 32nd Street, Philadelphia, PA 19104, USA
5 Department of Physics, University of Napoli “Federico II", via Cinthia 9, 80126 Napoli, Italy
SINAF - Osservatorio Astronomico di Capodimonte, via Moiaricllo 16, 80131 Napoli, Italy

"Niicleo de Astronomia de la Facultad de Ingenicria, Universidad Dicgo Portales, Av. Ejército Libertador 441, Santiago 22, Ch

SInstitute for Astronomy, University of Edinburgh, Royal Observatory, Edinburgh EH9 3HJ, United Kingdom
9 Astronomy Centre, Department of Physics and Astronomy, University of Southampton, Southampton SO17 181, UK
20 Institute of Astronomy, University of Cambridge, Madingley Roud, Cambridge CB3 0HA, UK

LLPIFI Research Fellow, Key Laboratory for Particle Astrophysics, Institute of High Energy Physics, Chinese Academy of Science:

Yuguan Road, 100049 Beijing, China
2 fumboldt Research Fellow, Hamburger Sternuarte, Universitit Hambury, Gojenbergsweg 112, 21029 Hamburg, Germany
13 Laboratdrio Nacional de Astroftsica - MCTIC, R. dos Estados Unidos, 154 - Nagdes, ajubd - MG, $7504-364, Brazil
14 Center for Theoretical Physics, Polish Academy of Sciences, AL Lotnikw 32/46, 02-668 Warsaw, Poland
15 Fermi National Accelerator Laboratory, P.O. Bor 500, Batavia, IL 60510, USA

ABSTRACT

The Rubin Observatory Legacy Survey of Space and Time (LSST) development comprises a series of
Data Challenges (DC) arranged by various LSST Scientific Collaborations (SC) that take place during
the project’s preoperational phase. The AGN Science Collaboration Data Challenge (AGNSC-DC)
is a partial prototype of the expected LSST AGN data, aimed to validate various machine learning
approaches for AGN selection and characterization in large surveys. AGNSC-DC took part in 2021
focusing on accuracy, robustness and scalability. The training datasets were constructed to mimic the
future LSST release catalogs using the publicly available data from the Sloan Digital Sky Survey Stripe
82 region and the XMM-Newton Large Scale Structure Survey region, with data features divided into
astrometry, photometry, color, morphology, redshift, variability and class label.

e
QSO sample selection
10°
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Figure 7. Standard deviation of the light curves vs. g —r
band correlation for a random sample of sources. Points
are color-coded according to the g-band average magnitude.
The black dashed lines define the wedge where QSOs (green
points) tend to group.
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Figure 9. Confusion matrices for each method normalized by purity for tabular data. From left to right: ANN, SVM, XGB
RF. Upper panels were computed on a test set, while lower panels were computed for a blinded set. True labels are placed o1
vertical axis, while the predicted labels are on the horizontal axis.
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https://doi.org/10.1093/mnras/stab1595
https://docushare.lsst.org/docushare/dsweb/Get/Document-37645/Cadence_Notes-AGN_var.pdf
https://ui.adsabs.harvard.edu/#abs/2022ApJS..262...49K/abstract
https://ui.adsabs.harvard.edu/#abs/2022ApJS..262...49K/abstract

Cadence Metrics

=%
‘ THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 262:49 (37pp), 2022 October https://doi.org/10.3847 /1538-4365 /ac88ce

© 2022. The Author(s). Published by the American Astronomical Society.

CrossMark
The LSST Era of Supermassive Black Hole Accretion Disk Reverberation Mapping

Andjelka B. Kovadevié'? , Viktor Radovi¢! , Dragana ni¢"? , Luka C. Popoviél’4 , Roberto J. Assef’ i
Paula Sénchez-Sdez®’ , Robert Nikutta® , Claudia M. Raiteri’ , lIsang Yoon'’ , Yasaman Homayounill , Yan-Rong 1% 5
Neven Caplar13 , Bozena Czemy14 , Swayamtrupta Panda'*!>-1¢ , Claudio Ricci'”!® , Isidora Jankovl, Hermine Landtlg,
Christian Wolf?*->! , Jelena Kova(‘.evu’f-Doﬁfmovu’f4 Ma§a Lakicevi¢* , Porde V. Sav1é4 22 , Oliver Vince4, Sa¥a Simi¢** A
Iva Cvorovié- Hajdmjak and Sladjana Maréeta-Mandlé

LSST AGN Classification Data Challenge DL-winner D. Savic

THE ASTROPHYSICAL JOURNAL, 953:138 (15pp), 2023 August 20 https: / /doi.org/10.3847 /1538-4357 /ace31a
© 2023. The Author(s). Published by the American Astronomical Society.

OPEN ACCESS

CrossMark

The LSST AGN Data Challenge: Selection Methods

Porde V. Savi¢"? @, Isidora Jankov® We1x1an§ u*®, Vincenzo Petrecca™®©®, Matthew J. Temple:7’16 , Qinglin Ni*®,
11,1

Raphael Shirley”"'” , Andjelka B. Kovatevi¢ - 7@, Mladen Nikoli¢® @, Dragana Tli¢>'*'®© Luka C. Popovié™ @,
Maurizio Paolillo>® ©, Swayamtrupta Panda'*'*°® | Aleksandra Ciprijanovi¢'” @, and Gordon T. Richards®

Beograd, Oct 2023 [li¢, KovaCevi¢: AGN in LSST
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Time Evolution of Mgu in SDSS J2320+0024: Implications for a
Subparsec Binary Supermassive Black Hole System

2,3

Marta Fatovié!

Popovié* 68

Accepted in A&A, follow-up caseFagtudy for LSST

**, Dragana i¢*s Andjelka B. Kovadevié*® () Lovro Palaversa® "', Saga Simi¢” **', Luka C.
, Karun Thanjavur9 , Oleksandra Razim? ", Zeljko Ivezi¢!0 ) Minghao Yue!l:12 12 and Xiaohui

QNPy Raju et al. submitted . QhX: A Python package for periodicity detection in red
. noise JOSS submitted

- v . s * . e v. 1% -
. Andjelka B. Kovacevi¢ ©! 1 Dragana lli¢ ©*, Momcdilo Tosi¢!”, Marina
« Pavlovi¢ ©2, Aman Raju®?!, Mladen Nikoli¢ ©!, Sasa Simi¢ ® 3, lva Cvorovi¢
< Hajdinjak @1, and Luka C. Popovi¢ ©*

¢ 1 University of Belgrade-Faculty of Mathematics, Studentski trg 16, Belgrade, Serbia 2 Mathematical
1 Institute of Serbian Academy of Science and Arts, Serbia 3 University of Kragujevac-Faculty of Natural
s Sciences, Serbia 4 Astronomical Observatory, Belgrade, Serbia § Corresponding author * These authors
s contributed equally.




Discovery Allia... v @ 1t agnsc-followup-binaries

= e e @ Messages (9 Addcanvas  +

# agnsc Wednesday, April 16th ~
# agnsc_meeting_2023 ﬁ Dragana llic 1522

4t agnsc-alerts k you all f

# agnsc-class
nent/d/1shzDOMsC3lo5rt06hEzywPmsnoSziVLzOpiRbSPQ1wc/ed
pated for Monday May 12th, 16:00 CEST

1t agnsc-followup-binaries

1t agnsc-followup-blazars

1t agnsc-o psims

# agnsc-photoz - A - e Ort
- — . _in foll p lead
' ‘ M Dragana llic Friday at oMY

We suggest to include some best

1t noirlab-gemini-prop-25a short-period close-binary
@Suhail Dhawan created this channel on February 4th. supermassive black holes

This is the very beginning of the # noirlab-gemini-prop- candidates discovered in the 1st

25a channel. Discussions for NOIRLab Survey Proposals year (see e.g., example study that

and Gemini Large/Long Program proposals beginning in
2025.

used Gemini data,
https://ui.adsabs.harvard.edu/abs/a
rXiv:2501.16877)




Rubin (LSSTCam) First Photon- April 15th 2025, THE LSST CONTROL ROOM

Marina Pavlovic,
former SER-SAG-S1
member, now LSST
Commissioning
scientist

across the focal plane, a median
image quality of about 1.8 arcsec
FWHM, before any detailed tuning
with the active optics system (AOS).
The Data Management system
successfully transported and
processed the 3-gigapixel images at
the US Data Facility within about a
minute of acquisition.







Rubin Observatory Construction
director Zeljko lvezic, visited
Department of astronomy in
January 2024

CPG in-kind lead manager Lovro
Palaversa, visited Department of
astronomy in January 2024




Outreach and Community Engagement

Y'\Z eneMeHTGpMJyM i Y CPEMIL HAYYHE BECTU  YLEHTPY  ECEIM {TEPBJY  ENIEMEHTU  BUWIEC
February 2024: Two articles in the wirepely _ ayiay cpbvin
journal of the Ministry of Science - CpncKyY HayUYHULIM Ha NPOJeKTy oTKpuBarma KocMoca
Elementarium:
[ ] LSST Ze|J kO |Vezic inte rview' McTpaxusaum ca Matematuukor hakynreta n ACTDOHOMCKe
! . s . i h '
https://elementarium.cpn.rs/intervju/po a0 2 semAtoM ayapoROM MPGIoRTY LEST, Ko
pu la rizacClja-nau ke'Je'Vaza n'deo_prOJEkta 6v Tpebasio fa pelun MUCTEPU]y TaMHE MaTepuje 1 TaMHe

eHepruje
® SER-SAG contribution, Luka Popovic,
Dragana llic and Andjelka Kovacevic:
https://elementarium.cpn.rs/intervju/sr
pski-naucnici-na-projektu-otkrivanja-kos
mosa/

Organizing LSST@Europe
conference series (2016 Belgrade,
2022 Rome, 2023 Porec, 2024 La
Palma)




MILESTONES: CRO-CPG+SER-SAG-S1




MILESTONES: CRO-CPG+SLO+SER-SAG

Registration « Venue & accomodation Speakers Programme Observatories workshop SOC/LOC Abstracts Registration & support Location

Social events For speakers and posters For chairs Code of Conduct Travel info

LSST@Europes

Towards LSST sciencé, together!

orec, Croatia | September 25-29 2023

- wo e




ssr.ooperation with LFG 1n-Kind
team

VESTING IN DISCOVERY

SPECIFICATION OF COMPUTE SERVICE:

e Temporary Data storage based on QNAP platform with over 250TB of
available disk space. Realized as LSST TVS SC Kickstarter Heising Simons
Foundation project of SER-SAG&CPG

Legacy Survey of Space and Time

VERA C. RUBIN OBSERVATORY

CPG -« | SER-SAG .
CROATIA | » SERBIA Kickstarter Leads:
SER-SAG: Sasa Simic, Luka Popovic, CPG: Lovro Palavesra, Tomislav Jurkic
CLOUD DATA
R L CPG team M. Fatovic, L. Palaversa et al 2022 submitted
e investigation of short period (<300 days) binary QSO candidate;
Light curved with sinusoid Folded light curve e example how 2D Hybrid method complement standard Fourier
i 209 periodicity mining
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~~~~~~~~~~~

D. llic, A. Kovacevic full members of AGN SC
D. llic member of AGN SC membership committee

A. Kovacevic member of AGN SC Ethics committee,
designer and analyst of AGN SC census



LSST AGN Science Collaboration

557

AGN Science Collaboration

Subgroups:

AGN selection/classification
Photo-Z/Redshift estimates
AGN variability science
Follow-up

How to join:

https://agn.science.lsst.org/apply

Co-chairs:

W. Niel Brandt, Penn State

Matthew Temple, Durham University

h

Rubin Science A ly

Acronyms & Glossary

44


https://www.lsst.org/scientists/glossary-acronyms
https://agn.science.lsst.org/apply

Early Science Timeline (RTN-011, Fig 1)

LSSTCam
First Photon

System
First Light

l On-sky Engineering; l
System Integration
and Test

ComCam on-sky
late 2024.

System
Optimization

Data Preview 1
Subset of DRP processed visit images
From ComCam or LSSTCam early data
to familiarize community with a small
amount of on-sky data

16 weeks +
contingency

Wide-Fast-Deep + Deep Drilling Fields
+ ToOs + mini-surveys

Start LSST
Year 1

Start LSST
Year 2

l Incremental Template Generation l

DP2 Processing + Science Validation LSST DR1 processing + Science Validation

Science
Validation
Surveys

6 months 6 months

! Continuous release of Prompt Processed Visit Images

& catalois I

aam PPDB available for query, PP DIA catalogs/postage stamps, Solar System catalogs

Once approvex{ Nightly Survey Prompt

Processed VisNmages & catalogs

Higher latency alerts Increasing Live Alert S

Community Alert
Broker Integration

A Data Preview 2
- DRP coadd images, objects,
DIA catalogs, forced sources;
Commissioning science validation data
Science Performance Construction
Papers Complete

LSSTDR1

>
2
from first 6 months of LSST

Data Release Processing

All current-draft construction
tech notes on science
performance available

Figure 1: Detailed schedule of commissioning and early science activities relative to System
First Light, as of January 2025 .

+=5. VERA C.RUBIN .S, National prr—
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MATCD

We are grateful to the Rubin
Observatory and LSST for the
opportunity to be part of Rubin, the
ground-breaking observatory.

Thank you for your attention!




