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AGN variability

• Long and short term 
variability

• Continuum vs. broad 
line variability

(long-term variability of 
five AGNs, see e.g. Ilić et 
al. 2015, 2017)



AGN variability

• Photometry in reverberation  (yesterday we 
discussed about it, especially reverberation in 
polarization)

• Large Synoptic Space Telescope (LSST) is planned 
to start in 2023 (2021 first light)

• What we can expect to have from LSST in AGN 
investigation, in more details see 
http://astro.umbc.edu/MARLAM2019/presentati
ons//Brandt_William.pdf (Niel’s presentation)

http://astro.umbc.edu/MARLAM2019/presentations/Brandt_William.pdf


AGN variability

What is expected progress with LSST 
observations:

- In 18000  sq.deg. expected to detect 300+ 
million AGNs

- Observation sampling for exploring AGN 
variability



LSST (wavelength coverage)

ugriz+y



Photometric redshift
Low and high redshifted AGN (low and high luminosity)



AGN with LSST

• A huge amount of work is needed including: 
basic AGN selection, analysis of LSST 
simulations, detailed science planning, and 
pooling of observational resources. 

• LSST AGN Science Collaboration (LSST AGN SC)

Overall Organization and Roadmap

Presently working as a loose confederation, but hope to 

become a hard-core collaboration as LSST construction 

proceeds. Re-organization recently completed.

A huge amount of work is needed including on basic AGN 

selection, analysis of LSST simulations, detailed science 

planning, and pooling of observational resources.

agn.science.lsst.org



Cadence requirements
(see  Brantd et al. 2018,  arXiv: 1811. 06542)

LSST AGN White Papers
Footprints

Cadence requirements

Total-depth requirements

arXiv:1811.06542

Desired Visits and Expected Depths

(Each “visit” is 30 seconds)

Explores effects of 

main-survey cadence

on AGN selection and 

characterization.



LSST AGN Selection 

Multicolor selection in ugrizy from z = 0-7.5 
• Ultraviolet excess below z ~ 2. 5 
• Lyman-a forest at high redshifts 
• Works best when LAGN > LHost

Variability 
• 55-185 samplings per band over 10 yr
• Highly effective complement to color selection 
• Need effectiveness assessments for LAGN ~ Lhost

Astrometry - Lack of proper motion and differential chromatic refraction 
• Will reach~1mas yr-1 at r~24 
• Minimizes confusion with stars 



Comparing with other MW missions (credit W. Brandt)

Complementary Multiwavelength Data 

Brandt & Vito (2017)

(Only funded 

projects shown)

SuMIRe

And SPHEREx in ~ 2023

4MOST



Complementary Radio Surveys 

Complementary Radio Surveys

ASKAP EMU Survey MeerKA

Comparing with other MW missions (credit W. Brandt)



Nightly LSST SMBH Science 
– what we expect (AGN part) 

• Monitoring of ~ 75 million AGNs (5+ million 
selected)

• Discovery of ~ 50 large AGN flares 
(e.g., blazars and accretion-disk instabilities)

• Binary super-massive black hole – violent 
interaction (flare – like  events)



AGN variability- nature

SMBH and accretion disc

- Variability in the accretion disc => variability in 
the broad line region

- Depends on the type of AGN (Type 1?), but 
there are CL AGNs

- Variability in the different spectral band –
structure of the accretion disc

- Variability of high redshifted AGNs



Short vs. long term variability 
with LSST

• Millions of well-sampled, accurate, multicolor 
AGN light curves, spanning minutes-to-years 
(billions of photometric measurements, in a 
period 10+ years). 

• Even better sampling and depth for ~ 105+ AGNs 
in the DDFs.

• Combination of LSST photometric data with other 
observations (can be combined with DES, HSC, 
Pan-STARRS, SDSS for longer baselines)



Continuum Reverberation Mapping of AGN 
Accretion Disks (Fausnaugh et al. 2017)

LSST, z=0



Continuum Reverberation Mapping of AGN 
Accretion Disks (Fausnaugh et al. 2017)

LSST, z=3



Reverberation mapping

• LSST will provide ~ 900 epochs of outstanding 
photometry for reverberation mapping. 

• Conclude about the disc structure using 
different spectral bands (also combination 
with other observed data). Low vs. high 
luminosity AGNs

• Intrinsic variability, but also in the case of 
lensed quasars



Microlensing and disc structure

• LSST will monitor ~ 3000 AGNs lensed into multiple 
images for microlensing - nas resolution (disc 
dimension measurements see e.g Fian et al. 2018). 

Accretion-Disk Structure with LSST
Accretion-Disk Continuum Reverberation Lags from Swift

Free Fit

Fit with a = 4/3
Edelson et al. (2019)

LSST will perform quality accretion-disk RM for ~ 3000 AGNs in the DDFs.

t (l) matches disk 

prediction, but
lags ~ 2 times
too large

Microlensing of Accretion Disks

LSST will monitor ~ 3000 AGNs lensed into multiple images for microlensing - nas resolution.

Magnification

pattern
Anguita et al. (2019)

Oguri & Marshall (2010)



Super-massive binary black holes 
(SMBBHs)

• Our group is working on it since 2000 – broad line 
shapes (see Popovic et al. 2000, and Popovic 
2012 for a review)

• A model for SMBBHs, see  Simic & Popovic 2014, 
Kovacevic et al. 2019, Popovic & Simic in 
preparation) – considering also the continuum 
emission

• What is expected in the SMBBH variability?



Supermassive binary BH – lines, but also 
continuum

NGC 4151 – Bon et al. 2012, ApJ, 759, 118

Popović, 2012, NewAR, 
56, 74

22nd ICSLS 2014, Dragana Ilić



SMBBH model –
emission broad lines + 

continuum
• Periodicity; LSST target 

sub-pc SMBBHs



Application of the model, 

Kovačević et al. 2019, ApJ,871,32

• Model explained a perturbation in PG1302-102



The AGN Science Collaboration (SC) 

• Currently has 46 members: 

The AGN Science Collaboration (SC)

Currently has 46 members: 

Country Number of Members

USA 28

Chile 5

United Kingdom 4

Australia 3

Poland 2

Canada 1

Germany 1

Italy 1

Serbia 1

New members are welcome, especially from 

LSST consortium countries.

New members are welcome, especially from LSST consortium countries 
(seehttp://astro.umbc.edu/MARLAM2019/presentations//Brandt_William.pdf )
. 

http://astro.umbc.edu/MARLAM2019/presentations/Brandt_William.pdf


Now one from Serbia, but

• We are going to have more members, at the 
moment several people works in the field 
SMBBHs and AGN variability (Dragana, Sasa, 
Andjelka, Djordje, Edi, …)

• What AGN Serbian team can offer as in-kind 
contribution to LSST?



Possible AGN Serbian team in-kind 
contribution to LSSTC

• Making and developing a software for 
detection of SMBBH candidates using 
periodicity in LSST light curves (different 
filters) – based on the method given in 
Kovacevic et al. 2018 (tested on the model 
given by Popovic & Simic)



SMBBHs and (hidden) periodicity

red noise +5*sin(2pit/1880)
white noise+ 5*+sin(2pit/1880)

red noise +0.1*sin(2pit/1880)
white noise + 0.1*+sin(2pit/1880)



Possible AGN Serbian team in-kind 
contribution to LSSTC

• Observations with 1.4 m Milankovich telescop
(at M. Vidojevica in Serbia) – as follow up and 
with the data observed at the telescope 
(hope to have in two years polarization and 
spectroscopy of high quality)



Possible AGN Serbian team in-kind 
contribution to LSSTC

• Contributing as members of the team for long 
term AGN monitoring, with collecting data 
from different observatories with telescopes 
from 1 to  2.5m



Conclusion

• LSST – we expect a revolution in AGN 
variability investigation

• Short and long term variability

• Serbian AGN team contribution: 
– SMBBH candidates marks – developing a software

– using observations data from 1.4 m Milankovich
telescope

– from the program of long-term monitoring of AGN 
variability


