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Quick Status Update
Rubin has come a long way since the 2013 Naples meeting.

Was top-ranked large ground-based project in 2010 Decadal.

Project construction began in 2014 August.

Has survived many great challenges; e.g., COVID delays.

System first light forecasted for 2024 October.

Survey operations to begin in early 2025.

Need to get ready for the data flood and enormous work!



Talk Outline
Brief review of the LSST surveys (from an 
AGN variability perspective).

LSST AGN selection; e.g., using variability. 

AGN variability investigations.

The LSST AGN Science Collaboration.
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Main Survey Summary

8.4 m, 6.4 m effective - 9.6 deg2 - 3.2 Gpix camera

A public optical/NIR survey of ~ half the sky in 
the ugrizy bands to r ~ 27 based on ~ 820 visits 
over a 10-year period.

Wide (W)
The observable (mostly) southern sky. Each 
exposure covers 40-50 full Moons.  

Fast (F)
Rapidly scans the sky with pairs of 15 sec 
exposures, providing a color movie of 
objects that change or move.

Deep (D)
10-100 times deeper than other very 
wide-field surveys after co-adding.

See Ivezic et al. (2019) and Bianco 
et al. (2022) for many more details.



Main Survey Simulation
Example Operations Simulation of Baseline
Survey Strategy (Details Subject to Change)

W-F-D survey
optimized for
homogeneity
of depth and
number of
visits.

18000 deg2

Uses ~ 90% of
the LSST time.





20 billion galaxies
and 
17 billion stars
with 
exquisite photometry,
image quality, and
astrometry in ugrizy.

18,000 deg2 of this…

This LSST image simulation covers ~ 0.03 deg2,
so will get 600,000 images like this one.



Rubin’s LSST Deep-Drilling Fields

Part of ~ 10% on mini-surveys.

The DDFs have superb and 
rapidly growing deg2 
multiwavelength coverage.

Critical for AGN science!

Extensive AGN selection
work done.



Example: Wide Chandra Deep Field-South

Brandt et al. (2018) - arXiv:1811.06542

LSST – 10 deg2

Grayscale is
Spitzer 
DeepDrill



Panoram
ic C

D
F-S C

overag
e

Ni et al. (2021) 



Survey Strategy Optimization Process
Goal: Determine how to observe main 
survey and spend 10-20% of time on 
“mini-surveys”.

Wide-Fast-Deep survey will have half-
sky “rolling cadence” to improve 
sampling density in 3-5 day range.

5-7% of the time should be spent on the 
Deep-Drilling Fields – should allow
excellent deep and densely sampled
coverage for AGN variability studies.



Role of Alert Brokers
Alert Brokers will ingest, process, and serve alerts about variable 
Rubin sources (e.g., AGNs) to the astronomical community.

Seven brokers will have access to the full Rubin alert stream.

Brokers will be essential for enabling time-critical studies of
AGN variability events – worth learning about them. 



Selection of Tens of 
Millions of AGNs



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 visits per band over 10 yr
• Highly effective complement to color selection 
• Helps find AGNs when LAGN ~ Lhost

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



Optical Variability Selection 
of X-ray AGNs in COSMOS

Long Baselines and Many Epochs Greatly Aid AGN Selection (r band)

5-month analysis
15% completeness
27 visits

De Cicco et al. (2019, 2021, 2022)

With random-forest classifier, 
reach 344 deg-2, corresponding
to 6.2 million over 18000 deg-2

LSST will do even better with 10 yr baseline, more visits, deeper visits, and more bands.

VST

3-year analysis
59% completeness
54 visits



Power of LSST and Multiwavelength Data

ASKAP

MeerKAT

SKA

LR, q24, ar, morphology 

Chandra

XMM-Newton

eROSITA

LX, LX/LO, and GX

Euclid

Infrared-optical colors

Roman

Aim to detect 20-50+ million AGNs with LSST + multiwavelength data reaching to z ~ 9-10. 



AGN Variability
Investigations



Massive AGN Variability Studies
Millions of 10-year, well-sampled, high-SNR, multicolor AGN light curves, 
(billions of photometric measurements).

Even better sampling and SNR for ~ 60,000 AGNs in the DDFs.

Combine with DES, VST, ZTF, HSC, Pan-STARRS, SDSS for longer baselines. 

Improving statistical
models for variability
(with parameters) 

CARMA (DRW, DHO)
CARIMA
CARFIMA
Multi-process

Improving physical
disk/AGN models
(with parameters)

Mass
Accretion rate
Spin
Magnetic field
Critical radii

e.g., Burke et al. (2021)

e.g., CHAR (Sun et al. 2020)



Reverberation



Continuum Reverberation of “Disks”
Continuum Reverberation Lags from Swift

Free Fit
Fit with a = 4/3

Edelson et al. (2019)

LSST can perform quality continuum RM for ~ 1100 AGNs per DDF.

t (l) matches disk 
prediction, but
lags ~ 2 times
too large

Significant contribution from diffuse BLR emission?

Kovacevic et al. (2022)

Rubin Forecasting BH Masses from Continuum RM? 

Wang et al. (2023)

Also ”long lags” from 
inward-moving accretion 
(e.g., Yao et al. 2022)



LSST Reverberation of BLR

e.g., Czerny et al. (2023)

Simulated Spectrum 
(z = 2.7) with LSST Filters

Adopted vs. Recovered 
Time Delays

DDF – 10 yr
L3000 = 1045.7 erg s-1

rms

Time delays of emission lines vs. continuum can be measured, in some 
cases, from LSST photometric data alone.

The approach is best applied on average for large statistical samples, 
and numerical simulations can correct for systematic offsets.



LSST + Spectroscopic Reverberation of BLR 

SDSS-V Black Hole Mapper is Reverberation 
Mapping AGN BLRs in 3 LSST DDFs: 2020-2027

4MOST TiDES Component
in LSST DDFs: 2025-2030

Guiglion et al. (2019)

LSST will provide ~ 900 epochs of outstanding grizy 
photometry (also u) to aid BLR reverberation mapping. 

(or more)



300 MBH from SDSS-RM 

Shen et al. (2016, 2023); Grier et al. (2017, 2019); Homayouni et al. (2020)

85% of cosmic time!

All mass measurements are
from reverberation mapping



LSST + Infrared Reverberation of Torus
Torus Size vs. Luminosity

Yang et al. (2020) Lyu et al. (2019, 2021)

Facilities for Torus Reverberation

Roman

Tens of thousands of AGNs will have sufficient optical and infrared data for 
torus RM from LSST, SPHEREx, NEO Surveyor, Roman, and earlier facilities.

Can look for additional RTorus dependences – e.g., Eddington ratio. 

In high-SNR cases, can look for multiple lags (e.g., graphite vs. silicate
sublimation), receding torus effects, and secular torus evolution.

(Delayed)



LSST + X-ray/UV from STAR-X

STAR-X would add daily X-ray/UV monitoring of the prime areas of 
the Deep-Drilling Fields for 2+ years - see talk by Roberto Gilli.



Remarkable Variability Modes 
with

Good Source Statistics



Tidal Disruption Events
Rossi et al. (2021)

106 M☉

Now being found in wide-field optical/UV and 
X-ray surveys.

LSST forecasted to discover 10-20 per night, 
though will need to avoid SNe confusion.

Will provide sufficient source statistics to fill
the (apparently large) TDE parameter space.

Rates as functions of galaxy type and redshift. 

Understand diversity of these events (LBol, kT, 
jet power). 

Find remarkable events - e.g., white-dwarf 
disruptions by IMBH, giant-planet disruptions, 
gas-cloud captures.

Simulated LSST Light Curves

Bricman & Gomboc (2020)



Microlensing of Accretion Disks

Rubin will monitor ~ 3000 AGNs macro-lensed into ~ 7500 images.

About one high-magnification (Dmag > 1) microlensing event expected daily – effective
nas resolution imaging of accretion disk for size and emission profile constraints.

Typical event durations of 10-100 days. 

For good light curve coverage, will often need additional monitoring observations.

Magnification
pattern

Anguita et al. (2019)
Neira et al. (2020)

Oguri & Marshall (2010)

Gravitational Microlensing Geometry
Expected Macro-Lensed AGNs



Changing Obscuration and State
Rubin anomaly monitoring can trigger rapid spectroscopic 
and multiwavelength follow-up studies.

Goodrich (1995)

Filiz Ak et al. (2012)

BAL Changes

M
acLeod

 et al. (2016)

Reddening Changes?

Zeltyn et al. (2022) 

State Change? Reddening Change?

State C
hang

es 



Blazar Variability Monitoring
LSST will monitor ~ 60,000 blazars in the 
main survey and ~ 150 in the DDFs.

Will allow follow-up of strong nonthermal 
flares, jet QPOs from kink instabilities, etc.

Raiteri et al. (2022)

Simulated LSST Blazar Sampling

BZCAT5 Blazars and Other Blazar Candidates

DDFs
WFD



Small-Separation Binary SMBH
To move from pc to 10-3 pc separations, 
likely need accretion to remove L=mvr.

Accretion rate onto both SMBHs varies on 
timescales of the binary period, and also 
have Doppler boosting. 

Month-to-year timescales at ~ 10-2 pc, 
well-suited to LSST monitoring.

About 250 candidates put forward already 
(includes many false positives).

LSST forecasts span few hundred to tens of 
thousands, including valuable short-period 
systems (e.g., Witt et al. 2022).

e.g., Cuadra et al. (2009)

Chen et al. (2022)

Also OJ287, PG 1302-102, PKS 2131-021, “Tick Tock”, etc. 



More Science Examples
About 20 Hours of Science Talks on YouTube 
from 2020, 2021, and 2022 Summer Meetings

(See Chapter 10)

agn.science.lsst.org



The LSST 
AGN Science 
Collaboration 



The AGN Science Collaboration (SC)
Presently 181 members - largest national memberships: 

Country Number of Members

USA 82

Brazil 17

Italy 17

UK 14

Chile 12

Serbia 9

Australia 5

Germany 5

Argentina 4

Poland 4

New members are welcome!

But note that AGN SC membership does not give data rights.



Overall SC Organization

Also:

• In-kind coordinators – Hoenig & Coppi

• SCOC liaison for AGN SC – Bauer

• Users committee – Ni & Villar 

Organization Chart with Leader/Coordinator Names Listed



2017 January - Grapevine, Texas



2022 Summer Meeting - 1

Full recording is on YouTube



2022 Summer Meeting - 2

Full recording is on YouTube



2023 July Meeting – In-Person

Your attendance 
is welcomed!



LSST AGN Cadence Notes

Available at https://www.lsst.org/content/survey-cadence-notes-2021



The AGN SC Roadmap

Defines and prioritizes AGN SC activities needed to prepare for Rubin operations.

Work ongoing to address many Roadmap goals.



Spitzer DeepDrill Survey of LSST DDFs

E-CDF-S



XMM-SERVS: XMM-Newton Coverage of LSST DDFs

At 50 ks XMM-Newton depth, detect 10,200 AGNs and many X-ray groups/clusters.

Ground-truth AGN sample for calibrating LSST AGN selection in DDFs and main survey.

XMM-SERVS vs. XMM-COSMOS
Sky Coverage

5242 sources
Chen et al. (2018)

4053 sources
Ni et al. (2021)

2630 sources
Ni et al. (2021)

p
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SED and Radio AGN Selection

Zou et al. (2022)

Galaxy

AGN

Burst/Quench Gal

2.8 Million X-ray-to-FIR
SED Fits with CIGALE

• Morphology
• Spectral index
• Radio excess

Galaxies
10 x Galaxies

Zhu et al. (2023)

Radio AGN Selection from
ATLAS, VLA, and MIGHTEE

1815 radio AGNs selected

91% not X-ray/MIR



Other Key Activities of the AGN SC

Data challenge events with monetary prizes.

AGN SC members are involved in Data Previews.

Assessing operations simulations to ensure 
excellent AGN science.

Coordinate with other AGN projects; e.g., 
reverberation-mapping experiments and 
spectroscopic surveys.



Other Key Activities of the AGN SC
Advocate for AGN science to the broader 
photometric-redshift working group.

Support the Contributions Evaluation Committee, 
which assesses which international partners earn 
data rights.

AGN SC has several members on the Rubin-
Euclid Derived Data Products Working Group.

Outreach activities at multiple levels.



AGN SC Web Site
agn.science.lsst.org



The End



Extra Slides



Power of LSST and Multiwavelength Data



Optical Variability Selection 
of X-ray AGNs in COSMOS

Long Baselines and Many Epochs Greatly Aid AGN Selection (r band)

5-month analysis
15% completeness
27 visits

3-year analysis
59% completeness
54 visits

De Cicco et al. (2019, 2021, 2022)

With random-forest classifier, 
reach 344 deg-2, corresponding
to 6.2 million over 18000 deg-2

LSST will do even better with 10 yr baseline, more visits, deeper visits, and more bands.

VST



Plausible AGN Yields
LSST will detect ~ 300+ million AGNs in 
18000 deg2 main-survey area. 

Obscuration and host-galaxy 
dilution will hinder AGN selection.

Confidently can select 20 million (7%).

Hope to select 50+ million, especially 
using multiwavelength data.

Chandra Deep Field-South Number Counts


