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((.) Trenutna istrazivanja i planovi nase grupe
oY

analiza profila emisionih linija sa ciljem odredivanja BLR osobina

* pracenje kratkoroc¢nih i dugorocnih promena u liniji i kontinumu sa ciljem merenja
dimenzija BLR, kao i detekciji periodicnih promena (dvojne crne rupe)

e ucesce u Large Synoptic Survey Telescope — LSST (in-kind contribution) >

-2 ispitivanje oscilacija krivih sjaja
-2 ispitivanje varijabilnosti i kasnjenja

- dodatna spgktroskopska posmatranja iz nase kampanje

Sa Seminara
Feb 2020.

Large Synoptic Survey Telescope
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Galakticka Gt R .
Jezgra . 00
(AGJ)=kvazari

*vaZno: centar i dalje ISR, -
teSko moze direktno da  [ENSHESREEEEEEEEEEE 8
se posmatra! . L o
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o theraic AKTIVNA GALAKTICKA JEZGRA (AG)J)

@

* posmatrane karakteristike AGJ :
— kompaktna veliCina

— ogroman sjaj: do 10*° puta luminoznost Sunca

— zrace na svim talasnim duzinama

— intenzivne Siroke i uske emisione linije
— promenjivost fluksa (~1 dan!)
— najjaci radio-izvori

— polarizovano zraCenje

Seminar Katedre za astronomiju, Mart 2022
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/nacaj AGlJ/kvazara
& j AGJ/

 Formiranje i evolucija galaksija
— aktivnost u galaksijama — verovatno prisutna u svakoj galaksiji u nekoj fazi evolucije

— sve (velike)galaksije imaju u svom jezgru supermasivnu crnu rupu

* kak ju? kak ? uticaj kol laksiju?
ako nastaju? kako rastur uticaj na okolnu galaksiju M87, EHT CoIIaboration, 2019
*  “multimessenger” astronomija: gravitacioni talasi

— potraga za dvojnim supermasivnim crnim rupama

* tesko ih je naéi na malim skalama (e.g. Popovié¢+12, Komossa+03, Ge+12, Benitez+18) #ﬁ\
* vaznost spektroskopije (Bon+12,16, Liu+16) i analize periodi¢nosti u
fotometrijskim krivama sjaja (Graham+09,17, Kovacevi¢+2019) % 3 S

T

}~—‘—,‘

e osnovni cilj astronomije = nove metode za merenje
rastojanja koristecCi kvazare

— npr. koristeci UV i opticke Siroke emisione linije (e.g. Watson+11, Marziani+20)

Seminar Katedre za astronomiju, Mart 2022 7
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sk Sta mozemo da posmatramo?
& P

: 100pm 1pm 100A  4keV 400keV
* spektar na svim 'BE 1
talasnim duzinama
4 —= Accretion disc
E i ——  Soft X-ray excess
. B Al —— Coronal power-law
* sve tehnike = ~— AGN intrinsic
.. = —-=  Reflection
— fotometrija 3 2| -~ Dusty torus
.\ [N Y AR Y | 77727 A AR \ | Elliptical galaxy
spektroskopija | | Total SED
— polarimetrija / \

13 11 15 16 17 18 10 20
log(v) (Hz)
Collinson et al. 2016
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& Opticka spektroskopija AGJ

Siroke emisione linije (3irina i preko 10,000 km/s) Sve se menja!

- Razliciti stepeni jonizacije fluks kontinuuma i u linijama

- Kompleksni profili profili linija

- Mocan alat za dijagnostiku fizickih i kinematickih uslova ponekad ekstremna promenjivost

Ly o
’ SDSS mean quasar 1 Shapovalova+ 2008
| Vanden Berk+ 01 , ; , . , . , . ,
e Sae cv n .
2 w0f . 1 G NGC 4151
g K il 0.8 L :’:‘:’; s o HB kriva Sjaja
2 BF SR Mgll H a N % bk =
< ’ | 0.6 | iy
- S o ] 7
T T 0.4 > =X
2 a, = - \\\\ “ v ?
N e 0.2 FNGC 4151 -~ C
................. a, 1.58 X ] \ ] ! ] 1 ] ]
T AT y 50000 51000 52000 53000 54000
| iy Wy Julian Date [2400000+]
e 000 2000 4000 6000 8000

Rest Wavelength, A (&)
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Emisioni gas u AGJ

@

BLR gas: T.~ 10% K
N. ~ 103-10%cm?3

* tip 1 AGJ —sa Sirokim emisionim linijama
—> Sirokolinijska oblast (Broad Line Region - BLR) ~ NarrowLine Region (NLR)
& Im o wnl] =&
 kako znamo da postoji BLR? NE ZNAMO! et W g
Broad BLR
- imaging: VLT- GRAVITY - 10 pas Hpeledon s ticn
(GRAVITY Collaboration 18, 20, 21), bududi ELTs disk o
L L. . : ] | @Claudio Ricci
—> spektroskopija i dalje jako vazna Fowparsess 0100
 BLR fizika i geometrija i dalje nisu u potpunosti posorell
istrazene s
- koja je temperatura gasa i gustine? (llic+12) i 3 o
—> dali je BLR gravitaciono vezana za crnu rupu? (Popovié¢+2019) 2 o
—> kakva su kretanja gasa, rotacija ili izbacivanje? (e.g. Wang+17) 2o\ e
—> koji je nagib ovog regiona prema posmatracu? (e.g. Afanasiev+18) 1 ¢
Seminar Katedre za astronomiju, Mart 2022 o5 600 2000 4000 6000 . 10
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 thereis a time-delay btwn. continuum and line flux
Lyutyi & Cherepashchuk, 1972;

loud ,
clouds / o;bserver Blandford & McKee, 1982;

Gaskell & Sparke, 1986

Line

R
/ time-delay T = size R
—Q—

accretion disk

* only for ~100s AGN: direct measure of Rgr

* once we have the radius 2 can get SMBH mass from
single epoch observation (e.g. Dibai 1977, Kaspi+ 2000,

continuum

Peterson+ 2004, Bentz+2009) R FWHM?
BLR

MBH=f G

* empirical Radius-Luminosity (R-L) relation Dibai method

Seminar Katedre za astronomiju, Mart 2022

Uniersty of pelyrece Reverberation Ma PP N g ( RM )

14

Shapovalova+ 2008

12
10

NGC 4151

HB BLR Size (light days)

st light curves

6

al

2+

0 f f f
10 R

o — time-lags from CCF |
2 |

al

2L

0 50600 5]600 52600 53600 54600

Modified JD

LLRRL |

T e b B ) T

o
o

@)

Bentz+ 2009

T LB R |

AL, (5100 R)

104 104e
12



ML .
Photometric RM = PhotoRM
®

« employs a broad band to measure AGN continuum
variations and a suitable narrow band to trace the
echo of an emission line in the BLR (Haas et al. 2011)

. PhotoRM:

— efficiently measuring hundreds of BLR sizes and host-
subtracted AGN

— suitable for upcoming large surveys like the LSST

o
w

Filter response
o
N

0.1

\

2000 4000 6000 8000 10000

Wavelength (A)
Jankov et al. 2022

A

2000 4000 6000 8000 10000
Wavelength (A) 13

* line emission hidden in the broadband light curve

0.4

 time lag from cross (CCF) and auto-correlation
functions (ACF)

CCF(T) ~ CCny(T) — ACFx(T)

0.31

0.2 1

Filter response

(Chelouche & Daniel 2012, Edri et al. 2012) o3

0.0
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& AGN variability hot topics
AGN structure can be resolved in time-domain

1. map accretion disk and BLR through reverberation mapping:

- map the BLR and measure SMBH mass (see review Popovic¢ 20)
- among priorities of LSST AGN Science Collaboration (e.g. Brandt+18)

2. detect oscillation in AGN light curves, searching
for periodicities
— detection of close binary SMBHs, possible GW sources
(for a review see Popovic¢ 12, and recent works Kovacevié+ 19, 20)

3. long-term trends in AGN optical variability
— extreme cases of variability, e.g. changing-look AGN (MacLeod+16)

Seminar Katedre za astronomiju, Mart 2022
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Getting ready for

Legacy Survey of Space and Time

* Vera C. Rubin Observatory aims to

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

* 500 petabyte set of images and data
products

* Time domain astronomy is coming
* Planned start in 2023, 8m telescope, Chile
* Big data, movie of the sky

Seminar Katedre za astronomiju, Mart 2022
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VERA C.RUBIN
OBSERVATORY
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LSST: a digital color movie of the Universe...
. e

An optical/near-IR survey offalf the sky More information at
www.lsst.org

in ugrizy bands to r~27.5 based on and arXiv:0805.2366
~1000 visits over a 10-year period: |

From Zeljko lvezic slides
A catalog of 20 billion stars and 20 billion galaxies with Rubin Observatory Director

exquisite photometry, astrometry and image quality!

17



Basic idea behind LSST: a uniform sky survey
® 90% of time will be spent on a uniform survey: every 3-4 nights,

the whole observable sky will 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

® ~|00 PB of data: about a billion 16 Mpix images, enabling
measurements for 40 billion objects!

LSST in one sentence:
An optical/near-IR survey of half the

gg’iﬁ-m—-—-nﬂh-n samamwmd SKy in ugrizy bands to r~27.5 (36
S

| | “{“!*e '====...‘- 13 w",;ﬁ n]y) based on 825 visits over a |0-
\i“ SREEF ﬁ?yl year period: deep wide fast.

SN\ £
) a |0-year simulation of LSST survey:

[T | the number of visits in the r band (Aitoff

C 80 100 150 200
acquired number of visits: r

From Zeljko lvezic slides
projection of eq. coordinates) Rubin Observatory Director




SDSS vs. LSST comparison: LSST=d(SDSS)/dt, LSST=SuperSDSS

3X3 arcmin, 8” . 20x20 arcsec; lensed SDSS quasar

3 arcmin ‘ (SDSS J1332+0347, Morokuma et al. 2007)
is1/10 : e
St 20x20 arcsec
Moon’s
diameter
L
SDSS
_ SDSS, seeing .5 arcsec
e el i S e LSST
. N ‘ . .
- " 1 '.' ; !‘_
' -~
W
almost SR
Ifke LSS')I' LR P v, - e e R From Zeljko Ivezic slides
' 33 1% : . ubaru, seeing V.o arcsec Rubin Observatory Director
depth (but . _Deepilens Survey (r~26) s
tiny area) : ot X gl A e s s

19
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SDSS ' .

gri
3.5x3.%’ . *
r~22.5

From Zeljko lvezic slides
Rubin Observatory Director




HSC
gri
3.5'x3.5
=21

Like LSST,
but tiny

area: LSST

will deliver
5 million
such
images

From Zeljko lvezic slides
Rubin Observatory Director
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The field-of-view comparison: Gemini vs. LSST

Primary Mirror Field of
Diameter View

.

‘ 1 0.2 c]eérees

Gemini South | _[gml_ /3\

Telescope

.5 degrees

&

84mpr—

Q (Fullmoon is 0.5 degrees)

From Zeljko lvezic slides
Rubin Observatory Director
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Optical Design for LSST

M2 3.4m /1.05 | Flat 3.5 deg. FOV
0.64m dia. @ f/1.23

| L10.70m
) Filter 0.76m

=201 13 1.55m

B M3 5.0m £/1.19)

»

M18.4m f/1.14

Three-mirror design (Paul-Baker system)
enables large field of view with excellent image quality:
delivered image quality is dominated by atmospheric seeing

From Zeljko lvezic slides
Rubin Observatory Director
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From Zeljko lvezic slides
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LSST camera

Utility Trunk — houses
support electronics and
utilities

Focal plane

Cryostat—contains
focal plane &
electronics

3

e
R
=/ /&)

| Filters in stored
1.65m ‘ L3 Lens positions
(5’-5") 4 Filter

From Zeljko lvezic slides
Rubin Observatory Director

The largest astronomical camera: 2800 kg, 3.2 Gpix 25



LSST Science Themes

® Dark matter, dark energy, cosmology
(spatial distribution of galaxies, gravitational
lensing, supernovae, quasars)

® TJime domain
(cosmic explosions, variable stars)

® The Solar System structure (asteroids)

o The Milky Way structure (stars) LSS?['

; ‘\\L mum(m >§<)>< >]

LSST Science Book: arXiv:0912.0201

Summarizes LSST hardware, software, and observing l o
plans, science enabled by LSST, and educational and :
outreach opportunities _l

245 aUthOI‘S, 15 Chapters, 600 pages Large Synoptic Survey Telesc_“pe
cccccc - 2

From Zeljko lvezic slides
Rubin Observatory Director




Extragalactic astronomy: quasars
|0 million quasars

WFD+GP+NES+SCP
100

Quasar|Counts in 10-years
in the main + mini surveys
(Assef et al. 2021)

80 1

Absalute Magnitude, M

60 1

40 1

1.2 1.3 1.4 1.5 1.6 1.7
Nqso expected in i-band le7

Number of OpSim Runs

Atm-ﬁ doys tolol
12 Epochs

LxJ_L'lnlnlx—nzlnm
0 0.2 04 0.6 08 1
Detection Prob.

| R.edsr'ift‘.z l rEdSIiIIE
Top: absolute magnitude vs.
redshift diagram for quasars

From Zeljko lvezic slides

Today: ~3 quasars with 6<z<7.5 ST £ [T 4 T[« [T=X38  Rubin Observatory Director
LSST will detect ~10,000 quasars with 6<z<7.5! -



Summary
e Rapid tour of LSST

- multi-color time-resolved faint sky map
- 20 billion stars and 20 billion galaxies

There is a lot of work to be done to turn LSST Data Release
data products into papers!

e Data analysis challenges ahead of us

- large data sets
- complex analysis
- aiming for small systematics

Time-domain data enables and motivates new methods:
- better sample of periodic variables by combining bands
- seeing invisible by combining data and theory From Zeljko Ivezic slides
- sample selection competitive with spectroscopy Rubin Observatory Director
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& LSST is on the way! First light in 2023

[B-iun N ' “I‘; o il
: o - CONSTRUCTION START aramme any | Office of
\ © ENERGY

Science
S Focal Plane Light up [E——— ‘ EPO Start of Onerations - System First Light
Rough site ]El\llﬂ complete NSF MREFC funding beging SLACIRT facility ready ~ Grid Received  LSST network rocessng system avalble Tlstope & St sustantl compltion Full science operaions
Approval of Criical Decision0: Approval of Critical Decision-1: Approval o Critcal Decision-2: Approval of Critical Decision-3: Callfo White Ppars on Camera L Survey Strategy Committee Camera at SLAC | Engineering frst ight .
Science overview paper 12 Statement of Mission Need, feleutianmmnmtnma{ive Strategy NSF FOR review Approval of the Baseline Plan Authority to Begin Fabrication 1851 Cadenes Optmization assembly complete (860C) created ready to ship with ComCam SU[VEV HEU"]S
Cnder Ve~ Q011 2012 201 2014 20 2016 2 2018 2019 202 2021 2022 Pil2) 202 0%

Efﬂs::;[nﬂmg umnwrul::revru‘:’v:; Smenca[ﬂn;:;\?w ;:f;n:?:’T;{fu[:m Suiencaﬂg{&i‘ﬁhﬂ‘ﬁ%’l& ComCam arivedin Chile~~ Base faclity complete Final SLITVEYSUHIEUVIS chosen

LSST Project became an Primary mirror complets e First production e L3ST renamed to Data Access Serviegs  Contaninsalld o tlscope Science verification complete

AURA operating center ‘ science raft complete Vera C. Rubin Obiservatory avalale at US DAC (DPO)

AURA Q

/:_\ \
5

L VERA C.RUBIN
OBSERVATORY

https://www.lsst.org/about/timeline

Seminar Katedre za astronomiju, Mart 2022
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LSST: how to get involved
& g

e https://www.lsst.org/participate

e Attend Project& Community Workshop (PCW)
e Join different science collaboration, e.g. AGN

VERA C. RUBIN
OBSERVATORY

* Follow activities of LSST Corporation

— e.g. Enabling science call for proposals

* Participate in Data Challenges

— E.g. AGN Data Challenge in summer 2021
https://github.com/RichardsGroup/AGN_DataChallenge

Seminar Katedre za astronomiju, Mart 2022

INVESTING IN DISCOVERY
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& LSST Science Collaborations
o

Dark Energy Science Collaboration

@ Transients and Variable Stars Science Collaboration

@ Strong Lensing Science Collaboration

@ Active Galactic Nuclei Science Collaboration
i) Galaxies Science Collaboration
Q Stars, Milky Way, and Local Volume Science Collaboration
@ Solar System Science Collaboration

@ Informatics and Statistics Science Collaboration

Seminar Katedre za astronomiju, Mart 2022
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Serbian Participation in LSST
©]
o
« We got involved fairly-early - interest in 2009/2010
* Signed MOA's for 4 Pl in 2013 (France + Serbia first to join)
 standard contribution (20kS/year —increase from 2017) + in-kind

* Pl: Darko Jevremovic¢: DESC and Transients and Varaible stars
Pl: Luka Popovic: Active galactic nuclei
+ Junior associates

* Background: stellar atmospheres,
stellar flares, use of HPC in astronomy
+ VO and astroinformatics; AGN and
gravitational lenses

* Development of AlertSim (as in-kind)

Seminar Katedre za astronomiju, Mart 2022 Tucson, AZ August 14-19, 2016 32
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ertSim Demo
©)
o ) lertsim VOEvent Generator | Serbian Virtual Obsenvatory - Mozilla Firefo: A elko@senvo2:..spacefvoevent-test

ip [ javal {/Time>
[ javal {Position2D>
R <) | [javal CValue2>
e | sedl [ javal <C1>1.290246</C1> <!-- RA -->
= [ javal <C2>-0.132507</C2> <1-- Dec -->
[ javal {/Value2>
[ javal {Error2Radius>0.010000</Error2Radius>
[ javal {/Position2D>
[ javal {/fstroCoords>
. o . . EMIT VOEVENT STREAM FROM ALERTSIM [ javal {/ObservationLocation>
From Nov 2016 AlertSim is included in | EMIT VOEVENT STREAN FROM ALERTSIM el bsDotalocation
[ javal <{/Mherekhen>
. : [ javal {Citations>
th e LSST SI m U I atl O n CO d e b a Se OpSim table: [ javal {EventIVORN cite="followup"”>ivo:1sst.org/resource#89474</EventIYORN)
[ javal <EventIVORN cite="followup">ivo:lsst.org/resource#89475</EventIVORN>
1 [ javal {/Citations>
output_op5|m3_61 [ javal {Description>{/Description>
[javal </voe:V¥0Event>
1 1 1 1 [ javal
Basic idea is to provi de brokers Catsim table: Cjaval 10:40:20,770 INFO. [¥OEventListener] Lyrae!
Antares etc.) heads up playground =
. p p yg All stars " z ! feht=10
I
19
. . Opsim constraint: ! !
Mainly for stellar science . ub (] sios
Ira between 1.3 and 1.5 and fielddec between -0.32 and -0 i M b ! }' ! L
= /‘\ i ! [ [ | 32 and
! ’ I |
Catsim constraint: L. [ f f f
I I | | ‘
) ! I I I
rmag between 10 and 30 and varParamStr not like ‘None' " ' “ ‘1 \ 1
Contacts: darko@aob.rs
Radius: @
L5 @
4
Maintained by Darko Jevremovic. Questions or Comments?
Click here to send an email. : m
— 00 Hsn'mlulls H2I0l lzs ‘30 Ias “4‘0‘ ‘45 I;O‘ Sls HGIOl l65 ‘7'0H ‘7‘5 “8‘0 sls‘
@ou % B §Ak @ Emacs X XTerm | KCalc @ Firefox [g) libreoffice-impress &y Variable Objects & us * g| F » 10:39AM

Seminar Katedre za astronomiju, Mart 2022



MAT® . L
International in-kind
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 New Call for proposal, September 2020
— In-kind Proposal Handbook at http://Is.st/RD0O-031

* Full proposal to make specific in-kind contributions of labor,
computing resources, equipment, telescope time or synergistic
datasets, to the Rubin Observatory or the Rubin Observatory LSST
science program, in return for the same LSST data rights and
access as enjoyed by US and Chilean scientists.

* Review, feedback, update, approval, approvals: July 2021
— In-kind Program Manual at http://ls.st/RDO-041

Seminar Katedre za astronomiju, Mart 2022
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@ SER-SAG in-kind LSST contribution
’ e Serbian AGN Team in LSST = SER-SAG

— members of AGN and TVS Science Collaboration

There was a call
for in-kind
proposals 1in

« Institutions: Astronomical Observatory, Department of Astronomy september 2020

*  Proposal Lead: Luka C. Popovi¢
Project Manager: Dragana lli¢
Contribution Leads: Andelka Kovacevic¢, Masa Lakicevic

Vidojevica

two in-kind efforts: Dec 2020

1. Directable software development for analysis of
variability of celestial sources (Lead: A. Kovacevic)

2. Optical follow-up of bright LSST transients with

AS Vidojevica, join via AEON (Lead: M. Lakicevic)

Seminar Katedre za astronomiju, Mart 2022 R u bi n O bs raory 35



MATO

University of Belgrade

©

LSST operation strategies

baseline_nexp2_v1.7.1_10yrs all bands: NVisits

Main survey — Wide Fast Deep

(WFD)

— currently in decision: cadence
optimization

Mini surveys — e.g. Deep Drilling

Fields (overlap with other

missions, e.g. Euclid) s

NVisits

Micro Surveys

Seminar Katedre za astronomiju, Mart 2022 36
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LSST call for cadence notes
Q)

° Community IS asked to comment the baseline_nexp2_v1.7.1_10yrs all bands: NVisits
LSST Operation Simulation (OpSim,
Jones et al.)

 Important to test different proposed
cadence (e.g. rolling cadences) for all

proposed science cases

— E.g. For our case to test if with the proposed I

cadence we could extrat accurate time-lag or e e e e e e g e e e
periodicity from light curves NVisits

Seminar Katedre za astronomiju, Mart 2022 37
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((.) In-kind software contribution
)
o

e Directable Software in-kind contribution

@_ https://qithub.com/LSST-sersag/maf metrics

— Contribution Lead: Andelka Kovacevic
— Members: Viktor Radovi¢, Mladen Nikolic¢

* Tasks and activities
— developed metric for AGN RM time lag measurement r

— pipeline for periodicity detection (under-construction) L
— Project “Deep Learning Engines”

2D Cadence metrics for time-lags and periodicity
detection in AGN light curves
» probe the accuracy of time-lag/periodicity estimates

* AGN structure function metrics
* based on real AGN light curves & simulated data (e.g. LSST OpSim) Kovacevic, llic, Popovic, MNRAS, 2021

Seminar Katedre za astronomiju, Mart 2022 38
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In-kind software contribution

@

 A. Kovacevic, R. Viktor: developed metric to assess
LSST obs. strategies for AGN continuum-
continuum time lags estimates

* relies on Nyquist sampling criterion = atlas of
LSST sky regions good for continuum time-lags

— the best strategies in DDFs with the best sampling
(< 5 days)

— even with inferior sampling quality, time lags
could be determined with accuracy of ~ 10%.

e LSST continuum RM can apply deep learning
techniques to improve the time-lag measurement

(Kovacevic et al., 2022, ready for submission to AplJS special issue
dedicated to LSST operation strategies)

Seminar Katedre za astronomiju, Mart 2022

Tobs
(14 z)Ate

> 2.2

Kovacevic et al., 2022, in prep.

incorporated in LSST
Metrics Analysis Framework
(MAF)
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@ In-kind software contribution
o
 Development of the periodicty-search .
pipeline for TVS and AGN SC discard

* jointly w/Rachel Street (co-chair of TVS SC)

NN modeling LC INPUT

YES/NO AGNLC
* nonparametric and parametric light curve LIRS
modelling
— different time-domain period-detection 7
algorithms | T
— machine learning of light curves ‘ Statistical statistical
= :ft'i“l'g:“"'T—’ Lge:;;:: ieity
— estimates of significance of potential periods (HeEES) (Fiter L4)
ow
significance < 4

candidate

Seminar Katedre za astronomiju, Mart 2022
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 Developing deep learning engines (DLEs) for /g\ﬁf

CORPORATION

non-parametric modeling and extracting of
information from AGN light-curves =

Uy ot e DLEs: Deep Learning Engines

m Bulldmg Deep Learnlng Englne for AGN Light-

CORPORATION Curves (2021-11)

INVESTING IN DISCOVERY

. . ] User Login
* Pls: Andjelka Kovacevic, Dragana llic
: . . S Call sor
e Co-ls: Luka C. Popovic, Paula Sanchez Saez, Broposis
. The LSSTC Enabling
Robert Nikutta s

Award Recipients.
The LSSTC Enabling
Science program has
awarded funding to 38

 support for student research for 10 months in Spisbiele e

to its 2021 call for

2021-2022 e

See the

https://github.com/LSST-sersag/dle Awardees

Seminar Katedre za astronomiju, Mart 2022

"“The LSST Exploring transient optical sky-science opportunity

No. 14 focuses on LSST light curves (LC) of active galactic nuclei
(AGN) for photometric reverberation mapping (PhotoRM). We are
building a deep learning engine (DLE) for AGN-LC nonparametric
modeling and implementing the PhotoRM procedure to respond
to the LSST operations, be adaptable to non-AGN LC, and be
tested on LSST Data Previews”"
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@ Two main projects

DLE subtask 1 (DLE1): Light Curve nonparametric DLE subtask 2 (DLE2): photometric
modeling (Conditional Neural Process) reverberation mapping (PhotoRM)
1.5 1 —— lsst-u
70 4 0.4 4
— lsst-y
6.5 1 o 0al— z=0.001
% 601 55}
5.5 1 % 02
5.0 1
® ontext .
45 4 =+ prediction ﬁ
56800 57000 57200 57400 57600 57800 58000 00 . . . . .
]J'laﬂ date 002400000] 2000 4000 6000 8000 10000
Wavelength (A)
Learned LC will enable us to improve time-lag New tools for PhotoRM based on the formalism by
determination as a goal of PhotoRM. Chelouche & Daniel (2012)

Seminar Katedre za astronomiju, Mart 2022 44



MATD . . . [SST
whanisic Non-parametric modeling of AGN light curve
©]
o
* used Conditional Neural Process (Garnelo et al. 2018) for nonparametric modeling
of AGN light curves

 tested on a sample of ~¥150 AGNs light curves from ASAS-SN (Holoien et al. 2017)
with different structures (strong gradients, gaps, etc.) — difficult to model

331 | —— prediction ) —— prediction
3C382 |  context 151 Fairwell 9 | context
5.0 1
14 A
4.5
= =
E E 13
< 4.0 A ;
= 2
u o
3.5 12 A
3.0 114
2.5 10

56600 56800 57000 57200 57400 57600 57800 56é00 57600 57éoo 57:100 57600 57é00 58600
Julian date (JD-2400000) Julian date (JD-2400000)

see for details Cvorovié-Hajdinjak et al. 2022
45
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& upgra de for large number of LCs
©)

 Conditional Neural Processes trained on ~39,000 light curves for ~30h on 2,560 CUDA cores

 ZTF quasar light curves from Sanchez-Saez, P, et al. (2021)
by Andri¢ Mitrovic¢ et al. 2022

rs «— prediction
e target
* context

« prediction
* target
e context

Train 0 0-
.
- prediction .
* target b4
* context
- . -2
-2 0 2
2 = _ .
. i «— prediction +— prediction »
. 3 b * farget * farget ", -~
¥ ¥ S . « context « context N o
» pan»
"

Test 0-

~+ prediction e ’
-

* target L
* context p ®
’
...2 - T T
-2 0 2
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((.) Photometric reverberation mapping
oY
o

* the line emission hidden in the broadband light curve

o
w

 formalizm developed by Chelouche & Daniel (2012)

Filter response
o
o

 time lag from cross (CCF) and auto-correlation functions (ACF)

CCF(7r) ~ CCFxy(r) — ACFx(7)

o
-

0.0
2000 4000 6000 8000 10000

Wavelength (A)

e Used artificial light curves based on DRW (Kovacevic¢ et al. 2021) with different cadences

Truelag °
36.9 days: S N S =
< - < S P
S S o 5
fé g o1 m %
8 S oo - 8
1]
—— LOWESS fit :
0.2{ —— CCF - ACF i T = 38.6 days -0.2 T = 39.3 days T = 41.7 days
20 -10 0 e 0 10 Z?F 3(Od ‘;0 50 80 20 -10 0 o 70 3 4 S0 e 70 80
. | y ime (days Time (days) .
ideal (1-day) LSST-like

with gaps

Seminar Katedre za astronomiju, Mart 2022 see for details Jankov et al. 2022 47
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S AGN Data Challenge 2021
& g

 Aims: developing the data driven machine learning methods for studying AGN with the LSST

e dataset mimic the future LSST data release catalogs as much as possible (column names and follow
that listed in the LSST Data Products documents (LSE-163)

. Dataset info:

5 1 XMM-LSS SDSS Stripe 82
v I [ Extended Stripe 82
—  ~440,000 objects g — | —
3 [ —
— drawn from two main survey fields, 8 5L O
an extended Stripe 82 area and the XMM-LSS regio  t. . . — —— —— —— . . . . . |
60 40 20 0 -20 -40 —-60
— stars, quasars/AGNs and galaxies RA [degree]

— tabular data (flux, astrometry, etc.), images and light curves

e all contributions treated the main problem of AGN selection
* methods: simple statistics, supervised SVM, RF and XGB, deep convolutional artificial neural networks
* very high baseline classifying accuracy (>98%) - when adequate light curve features added in model

https://github.com/RichardsGroup/AGN_DataChallenge

Seminar Katedre za astronomiju, Mart 2022 48
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@ AGN Data Challenge 2021

Iteration 0 Iteration 50

we {2
Aesam.

* QOur contribution: Djordje Savic et al. |
 Classifier: Artificial Neural Network F{

* also tested: random forest, support vector machine, XGBoost | v
« Reached >98% accuracy Loz Twas™

o 20 Hangiste

* Blind sample tests 94-96%
e Total number test objects: ~15,000

Normalized by true labels (recall)

Normalized by predicted labels (purity)

O=star
1=gal
Star 0.024 0.018 0.8 Star 0.0036  0.0044 0.8 2=agn
F 0.6 F 0.6
f Gal SRLE! 0.98 0.014 ‘7: Gal 0.98
2 0.4 2 0.4
LR 0.0079  0.023 0.2 Qso/Agn 0.014 ! 0.2

Star Gal Qso/Agn
Predicted label

Star Gal Qso/Agn
Predicted label

Seminar Katedre za astronomiju, Mart 2022 t-Distributed Stochastic Neighbor Embedding (t-SNE) ;g



M-all .
TVS Kickstarter Grant

Preparlng for Astrophysms W|th LSST

: Trans:ents & Vanable S_taljs .. Stars Mllky Way & Local Volume o d Solar System Sc:ence Collal!)ratlons
. . Bty v > - . el : . # . 4 R 4 : ‘ . é . ' N . '
Community awards managed by [_C 2 With support from N Ig(l)ibs[\t BET-I% KIONS

e 2021: Preparing for Astrophysics with LSST for 3 Rubin Science Collaborations:

Transients and Variable Stars (TVS)
Stars, Milky Way and Local Volume (SMWLYV)
Solar System Science Collaboration (SSSC)

 PI:S. Simic (Uni.Kragujevac) “Regional Storage Support for LSST Related Science”

— partnerships: i) Faculty of Sciences, University of Kragujevac; ii) Astronomical Observatory Belgrade; iii) Faculty of
Mathematics, University of Belgrade; iv) Department of Physics, University of Rijeka; v) Ruder Boskovié Institute,
Zagreb, and vi) Hvar Observatory of the University of Zagreb’s Faculty of Geodesy
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g In-kind telescope time

(Lead: M.Lakicevic)

 Astronomical Station Vidojevica, Serbia
— Average seeing ~1.5”
e 1.4m telescope

— possibility of fast response (telescope moving speed
is 4-6 degree/sec)

. Photometer:

— Andor iKon-L, pixel scale 0.244 arcsec/pixel, Field of
view 8.3x8.3 arcmin

—  Filters: BVRI broad bands (+L very broad filter) +
Halpha, Sll, red continuum narrow bands

 b6-year long experience in the Gaia-FUN-TO
* In process of joining AEON

e Members: J. Kovacevic-Dojcinovic, S.Marceta-
Mandic, O.Vince

possible upgrade
to spectropgraph?

Seminar Katedre za astronomiju, Mart 2022
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Slides from Roman Uklein DN
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Upgrade for 1.4m Milankovic
& P8

e to the universal (multi-mode) focal reducer of
high efficiency

* Optical scheme of 1.4m Milankovic telescope,
with the UPDATED multi-mode instrument (red
box) installed on its left port

3 main observing modes:

— Photometer (large field of view, better transparency of

the instrument, 2 filter wheels with 18 positions (14

positions are available for filters)
— Long-slit spectrograph (high-efficiency long-slit, grism)

— Polarimeter (Wollaston prism)

Seminar Katedre za astronomiju, Mart 2022
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®

* LSST, will be the largest 10-year long movie of the sky!

Summary

Operation starts April 2023 -

k{mm\‘
@kiiErey o2

Focal Plane
SLACIET faciltyready  Grid Rceived

ST nebwor

- Opens the new parameter space for AGN research

- Photo Reverberation mapping

- Search for period signals and possible supermassive BH binaries

- SER-SAG: ongoing efforts in developing tools and techniques
for future large and time-domain surveys

Seminar Katedre za astronomiju, Mart 2022
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Erasmus Mundus Master
@

 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 Executive Agency

A%S

MASTER IN ASTROPHYSICS AND
SPACE SCIENCE

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 Cote d’Azur, Nice, France

e Just approved for 6 years: 2021-2027
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