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Talk Outline
Quick LSST review.

AGN selection with LSST and multiwavelength data. 

Examples of exciting science investigations:
• Massive AGN variability studies
• Transient SMBH fueling events
• AGN investigations at high redshift

The LSST AGN Science Collaboration and 
future plans.



Quick LSST
Review



Very Brief Summary

8.4 m, 6.7 m effective - 10 deg2 - 3.2 Gpix camera

A public optical/NIR survey of ~ half the sky in the
ugrizy bands to r ~ 27.5 based on ~ 820 visits over 
a 10-year period.

Wide
The observable southern sky. Each exposure 
covers 50 full Moons.  

Deep
10-100 times deeper than other very 
wide-field surveys.

Fast
Rapidly scans the sky with 15 sec exposures, 
providing a color movie of objects that 
change or move. Whole observable sky 
scanned every 3-4 nights.

See arXiv:0805.2366 for more details.



Main Survey - Brief Details
Operations Simulation of r-Band Visits

DDFs

Galactic
Plane

South Celestial Pole

Northern Ecliptic Region (NEOs)

Main survey
optimized for
homogeneity
of depth and
number of
visits.



Other Cadence Programs
About 90% of the time will be spent on the main survey.

Remaining ~ 10% will be used for other cadence programs.

Deep-Drilling Fields
• Blank fields (e.g., E-CDF-S, XMM-LSS, COSMOS, ELAIS-S1)
• Nearby clusters of galaxies (e.g., Fornax)
• Local Group and the Galaxy (e.g., LMC, SMC, open clusters)
• Solar System (e.g., TNOs, Neptune Trojans, Jupiter Trojans) 

Blank fields aim for 5300-14000 visits per band reaching 
urgi = 28.5, z = 28.0, y = 27.0.   

Details under discussion by the Deep-Drilling Interest Group.

Other possible cadence programs include North Ecliptic Spur, South
Celestial Pole, improved Galactic plane, TOOs, etc.
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The	Four	Selected	DDFs:	Multiwavelength	Coverage

ELAIS-S1
XMM-LSS

New	Spitzer

New	XMM-Newton
ongoing

Extended	
CDF-S

COSMOS

New	Spitzer

New	Spitzer
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LSST	Deep-Drilling	Field	White	Papers

Solar	System

Galactic	and	Local	GroupDistant	Extragalactic



AGN
Selection



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 
• Still need effectiveness assessments 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



Multiwavelength AGN Selection

ASKAP

MeerKAT

SKA

Chandra

XMM-Newton

eROSITA

Euclid

WFIRST-AFTA

LR, Tb, morphology LX and GX Infrared-optical colors



Plausible AGN Yields
Will detect ~ 300+ million AGNs in 
18000 deg2 primary LSST survey 
area. 

Obscuration and host-galaxy 
dilution will hinder AGN selection.

Confidently can select 20 million.

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

Overwhelming statistics to 
investigate AGN evolution as a 
function of environment - voids to 
superclusters. 

Luo et al. (2017)

23900 deg-2

Chandra Deep Field-South Number Counts



Plausible AGN Yields
Variability Selected Quasar Predictions from Palanque-Delabrouille et al. (2013)



Example
AGN Science
Investigations

See Chapter 10 of the LSST 
Science Book for more details
and other examples.



Nightly LSST SMBH Science

Also ~ 2500 supernovae and ~ 5 “orphan” GRB afterglows.

Monitoring of ~ 3 million AGNs (~ 10+ million total).

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

Discovery of ~ 3 stellar tidal disruption events. 

Discovery of ~ 0.1 strong quasar microlensing events.

Binary SMBH inspirals and mergers?  



Massive AGN
Variability Studies



Massive AGN Variability Studies
Millions of well-sampled, accurate, multicolor AGN light curves, 
spanning minutes-to-years (billions of photometric measurements).

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

Can combine with DES, HSC, Pan-STARRS, SDSS for longer baselines. 

Can powerfully study general luminosity and 
spectral variability as a function of L, z, l, Dt, 
color, radio properties, line properties, MBH, 
L/LEdd (some require one-epoch spectra).

Rare but important events - large disk 
instabilities, strong jet flares, swan-song 
events, QPOs.

MacLeod et al. (2010)

Eddington-Ratio Dependence 
of Long-Timescale RMS Variability



Triggered Spectroscopic Follow-Up: RM
Strong Quasar Continuum Variations Can Trigger Reverberation Mapping Follow-Up

Kaspi et al. (2007)

HET RM light curves 
for luminous quasar

PG quasars
with RM

Luminous
quasars with 
RM attempted

Also photometric RM (e.g., Chelouche et al. 2012, 2014).

Shen et al. (2015)

Multi-Object AGN Reverberation Mapping with SDSS 



Triggered Spectroscopic Follow-Up: BALs

Also other absorption changes; e.g., variable dust reddening.

Hall et al. (2011)

Color Changes Will Trigger Spectroscopic Follow-Up of Strong BAL Variations

Grier et al. (2015)



Microlensing of Accretion Disks

LSST will find and monitor ~ 4000 AGNs lensed into multiple images.

LSST cadence well-suited to rapid identification of microlensing events
by stars in lensing galaxy - these give effective µas resolution.

Can trigger dense targeted multicolor and UV/X-ray monitoring, aiming
to constrain the accretion-disk temperature profile. 

With a large sample, can examine L, L/LEdd, MBH, z effects.

Hainline et al. (2012)
Q0957+561



Small-Separation Binary SMBH
For SMBHs to move from pc to 10-3 pc 
separations, likely need gas accretion to 
remove binary angular momentum.

Accretion rate onto both SMBHs may vary
on timescales of the binary period. 

Month-to-year timescales at ~ 10-2 pc, 
well-suited to LSST monitoring and hard 
to find in other ways. 

Massive LSST variability survey can find or 
usefully constrain the uncertain frequency 
of 10-2 pc binary SMBHs. 

Already some candidates being found, 
but detailed interpretation still unclear. 

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

PG 1302-102
Graham et al. (2015)

Also OJ287, PSO J334.2028+01.4075



Transient SMBH
Fueling Events



Transient Fueling of Dormant SMBH
A dormant SMBH can
flare to AGN luminosities
for months-years via tidal 
disruption and partial 
accretion of stars, planets, 
or gas clouds.

De Colle et al. (2012)

Gezari et al. (2012)

Originally found in the X-ray band with ROSAT 
with sparsely sampled light curves.

Now possible to identify in wide-field optical/UV 
(GALEX, SDSS, PTF, Pan-STARRS) and X-ray (Swift) 
monitoring surveys.

Expect to detect several thousand events per 
year with LSST, but will likely need to enforce 
selection cuts for unambiguous detections 
(confusion with SNe, AGNs).



LSST and Transient SMBH Fueling

Measure outburst rates as a function of galaxy type, redshift, 
and level of nuclear activity. 

Assess the contribution of tidal disruptions to the AGN 
luminosity function (e.g., Milosavljevic et al. 2006). 

Determine fraction with jets via radio follow-up and 
comparison with radio transient surveys (e.g., VAST, 
ThunderKAT, LOFAR transients). 

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.



AGN Investigations 
at High Redshifts



High-Redshift AGN Selection

LSST alone will provide significant numbers of AGNs to z ~ 7.5 down to moderate 
luminosities (LOpt ~ 1044 erg s-1).

Also enables effective follow-up of blank-field X-ray and radio AGN candidates.

Colors of High-Redshift Quasars 

Jiang et al.

Many L, T, Y dwarfs can be
removed via proper motion
and variability

Expected Numbers of z > 6 Quasars 

20000 deg-2



High-Redshift Quasars from 
Euclid, WFIRST, and LSST

Combination of Euclid, WFIRST, 
and LSST will be very powerful 
for finding the first quasars.

Euclid should deliver ~ 1360
luminous quasars at z > 7, and 
24 at z > 10. 

WFIRST+LSST will push 
considerably deeper than 
Euclid over ~ 15% of the area.

Expect ~ 29 quasars at z > 10
(~ 1490 at z > 7).

Spergel et al. (2013)

WFIRST
2000 deg2

Euclid
15000 deg2

LSST



Luminosity vs. Redshift for Future
High-Redshift AGN Samples

Adapted from 
Barret et al. (2013)

Euclid

WFIRST+LSST
at z > 8

Lots of great
high-z targets for 
multiwavelength
follow-up studies.



Spectral Evolution at High Redshift

Generally, multiwavelength 
follow-up studies of the 
highest redshift quasars 
have shown little spectral 
evolution.

But there are notable 
exceptions, such as 
apparently dust-free 
quasars. Jiang et al. (2010)

Shemmer et al. (2006)



The LSST AGN 
Science Collaboration 

and 
Future Plans



The LSST AGN Science Collaboration

The LSST AGN Science Collaboration currently 
has 38 members. 

Presently working as a loose confederation, but 
hope to become a hard-core collaboration in 
the future as LSST construction proceeds.

Basic plan is to bootstrap our way along: e.g., 
Deep Fields and Stripe 82 - DES - Pan-STARRS -
SUMIRE – LSST.

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

Feedback welcome at lsst-agn@lsstcorp.org

LSST AGN SC Members 



The LSST AGN Science Collaboration





The End


