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& Short introduction

Interests

@ Formation & Evolution of
high-redshift quasars

@ Co-Evolution of AGN and hosts

Extremely Luminous Quasar
Survey (ELQS)

@ very luminous quasars at z =3 — 5
@ charaterize their population
@ near-IR color cut

@ random forests (classification,
photo-z)

— DPLfit @ Ross+2013 @ fllELQS  © Richards + 2006
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Schindler+2017(ApJ, 851, 13), Schindler+2018a(arxiv:1806.03374),

Schindler+2018b(in prep.)
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“& Motivation - The Quasar Luminosity Function m

Type-1 QLF
@ measurements at all redshifts
(z=0.3 to ~ 6)

%|Sst2018 LSST Project and Community Workshop 2018 ¢ Tucson ¢ August 13 - 17 2/10



“& Motivation - The Quasar Luminosity Function m

Type-1 QLF
@ measurements at all redshifts
(z=0.3 to ~ 6)
@ best described by a broken
double power law

ﬁ|55t2018 LSST Project and Community Workshop 2018 « Tucson ¢ August 13 - 17 2/10



“& Motivation - The Quasar Luminosity Function m

Type-1 QLF
@ measurements at all redshifts
(z=0.3 to ~ 6)
@ best described by a broken
double power law

v, M*, «, B

ﬁlSStZO]_S LSST Project and Community Workshop 2018 « Tucson ¢ August 13 - 17 2/10



Motivation - The Quasar Luminosity Function

= " ST .
L]
Type-1 QLF bl it 1 !
B 2 ') % -8 -
@ measurements at all redshifts Sl '.L AN *
= o1 ¥
(z=0.3 to ~ 6) K = ok
. 8 -1
@ best described by a broken 8 P
1 2 3 4 5 6 ) 1 2 3 4 5 6
double power law P z
aof
v* M*, «, B 05
-1.0F L —3.0F l “
e SN :
—15F + } * ¢ ¥ +
/ + + o ‘ 4.0 °
—20f o DS —ast Q)
I T T
z z
¥ Ross+2013 Stripes2 ¢ McGreer+2018 $  Willott+2010 a= — 1.8 ¥ Jiang
4 Masters+2012 4 Yang+2016 4 Willott+2010 a= — 1.5 I

Schindler+2018, in prep.

Wit|sst2018

LSST Project and Community Workshop 2018 « Tucson ¢ August 13 - 17 2/10



Motivation - The Quasar Luminosity Function J S N
' of L
Type-1 QLF e ab ""'L-J
@ measurements at all redshifts »§,m. .H‘"-L ‘ %:Z el
(2= 0.3 to ~ 6) e, ¢ 15
@ best described by a broken R Y
double power law P oo ’
v, MY, o, B | |
BT TR
LN EN n
R A L
T M T R R R
S G PR oo Syt

#  McGreer+2018

Schindler+2018, in prep.

ﬁlsst2018 LSST Project and Community Workshop 2018 « Tucson ¢ August 13 - 17

2/10



“& Motivation - The Quasar Luminosity Function m

L] —6F

Type-I QLF % -
yp Q ) - ...-. i*d\._}. ~ 7; ¢.+ .
@ measurements at all redshifts & AN ‘4 1% Lt ¢ y
(2 = 0.3 to ~ 6) P
@ best described by a broken R Y *

double power law P
\I/*, M*, Q, /8 —05f \ 72 ) \ -

<) )
25 \ \
1 2 3 4 5 6 1 2 3 4 5 6
z z
¥ Ross2013Stripes2 4 Yang+2016 ¥ Jiang+2016 0 Kulami+2018
¢ Masters 42012 ¢ Willott+2010 a= — 1.8 4 Onoue+2017 Case2 4 ELQSDPLfit

#  McGreer+2018 4 Willott+2010 a= — 1.5

Schindler+2018, in prep.

ﬁlSStZO]_S LSST Project and Community Workshop 2018 « Tucson ¢ August 13 - 17 2/10



“& Motivation - The Quasar Luminosity Function

f “6F 8wy hem
004000 -Th
Type-1 QLF b e, b %t |
. < _o6l ..'.'- d\"}. = % -
@ measurements at all redshifts S . PO RN * v
_ = Ll ) K
(Z =0.3 to ~ 6) —10f *
. 30 -1
@ best described by a broken 8 P
1 2 3 4 5 6 i) 1 2 3 4 6
double power law P z
o
\I/*, M*, Q, /8 -05 | , \ -
. T .
= There is currently no general e * AR ‘Wl‘ t
. o < n @ - o ..n
consensus on redshift evolution. o 4.}....' 4 * . N 0+0+ }
20F ° o b -
N ) é b d)
s N T YT TG
z z
[ ] Ru“+2ul‘v!bfnpr§2 + V::ug#»?ulli L] Jmug+2.ul(i-‘ ) ° l\'u\ar‘xu+20|.5
o 4 iy b ommmose & masorie

Schindler+2018, in prep.

Wit|sst2018

LSST Project and Community Workshop 2018 « Tucson ¢ August 13 - 17

2/10



“& Motivation - The AGN Luminosity Function (type-1) 557

~30.0 1 +
~27.5 @, 0 % b4
(0]
~25.0 e0®®  Pla
o
o 2254 °
3
< ® =
e
= 2004 _ee=mTT
r"’
~175 1 o7
e
‘s === LSST i — band single—epoch
~15.0 1 —— LSST i — band full depth
6  Kulkarni+2018 Mj,s0
—12.5 ¢ ELQS My
QLF coverage
~10.0 T T T T T T
0 1 2 3 1 5 6 7

ﬁlsst2018 LSST Project and Community Workshop 2018 ¢ Tucson ¢ August 13 - 17 3/10



Motivation - The AGN Luminosity Function (type-1) 557

3001 . 4 Potential for LSST

Y @, e % .
o504 0e®o ® 0% @ Exquisit deep photometry
: =]
o
. o)
% —22.5 N e
= w04 a0

—17.5 4 L
— =+ LSST i — band single—epoch

~15.0 —— LSST i — band full depth
6 Kulkarni+2018 Mj,50
—12.5 ¢ ELQS My
QLF coverage
-10.0 T T T T T T
0 1 2 3 1 5 6 7 y

%|Sst2018 LSST Project and Community Workshop 2018 ¢ Tucson ¢ August 13 - 17 3/10



L[SS5T

[~ —~4

“& Motivation - The AGN Luminosity Function (type-l)

-

~ == LSST i - band single—epoch
—— LSST i — band full depth
6 Kulkarni+2018 Mj,s0
¢ ELQS My
QLF coverage

1 2 3 4 5 6

Potential for LSST
@ Exquisit deep photometry

= Faint-end ALF

Wit|sst2018

LSST Project and Community Workshop 2018 « Tucson ¢ August 13 - 17

3/10




“& Motivation - The AGN Luminosity Function (type-|) =it

~30.0 1 4
~27.5 @ o % °
®
(0]
~25.0 1 e0®®  Pla
o
o —2254 ¢
2
< o  mm=——
S et -
= 004 _eemmTT
,,,,
~175 1 -
e
== LSST i band single—epoch
—15.0 —— LSST i — band full depth
¢ Kulkarni+2018 Mi,s5¢
—12.5 ¢ ELQS Mis
QLF coverage
~100 : , : :
0 1 2 4 5 6

Potential for LSST
@ Exquisit deep photometry

= Faint-end ALF

@ Homogeneous, large-area coverage

Wit|sst2018

LSST Project and Community Workshop 2018 « Tucson ¢ August 13 - 17

3/10




“& Motivation - The AGN Luminosity Function (type-1) LSBT

-

~ == LSST i - band single—epoch
—— LSST i — band full depth
6 Kulkarni+2018 Mj,s0
¢ ELQS My
QLF coverage

4 5 6

Potential for LSST

@ Exquisit deep photometry

= Faint-end ALF

@ Homogeneous, large-area coverage
= Bright-end ALF

Wit|sst2018

LSST Project and Community Workshop 2018 « Tucson ¢ August 13 - 17

3/10




L[SS5T

e —~4

“& Motivation - The AGN Luminosity Function (type-l)

~30.0
—27.5
—25.0 00®0
o
o —225 9
2
< (0]
3
= 200
~17.5 1 -

-

~ == LSST i - band single—epoch
—— LSST i — band full depth
6 Kulkarni+2018 Mj,s0

—12.5 ¢ ELQS My
QLF coverage
~10.0 T T T T T
0 1 2 3 1 5 6
z

Potential for LSST

@ Exquisit deep photometry

= Faint-end ALF

@ Homogeneous, large-area coverage
= Bright-end ALF

= LSST allows us to determine the
ALF and its evolution over the full
luminosity range!
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Is the source an AGN?

@ Photometry - Mean Colors, Morphology,
Variability

@ Astrometry

@ X-ray + Radio detections
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Is the source an AGN?

@ Photometry - Mean Colors, Morphology,

Variability
@ Astrometry

@ X-ray + Radio detections

Survey synergies
@ Astrometry: GAIA
@ Near-IR: VHS, EUCLID, WFIRST
@ Radio: MIGHTEE, ASKAP, SKA

@ X-ray detections: eROSITA,
XMM-SERVS, Archival data

Methods
@ ‘“cuts” on various features
e SED fitting

@ mean color fitting

@ machine learning methods (supervised/
unsupervised)

Challenge:
How complete (type/ redshift) are we?
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Luminous heavily reddened type | AGN
(Banerji+-2013/+2015, Glikman+2018)

@ Reddened type-l AGNs dominate
infrared luminosity output at higher
redshifts

* SDSS DR7+DR10
48[ | o Red Quasars

= WISE HyLIRGs
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Luminous heavily reddened type | AGN
(Banerji+2013/+2015, Glikman+2018)

@ Reddened type-l AGNs dominate
infrared luminosity output at higher
redshifts

@ Fraction of reddened type-l increase
with increasing luminosity.
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Luminous heavily reddened type | AGN
(Banerji+2013/+2015, Glikman+2018)
@ Reddened type-l AGNs dominate
infrared luminosity output at higher
redshifts
@ Fraction of reddened type-l increase
with increasing luminosity.

@ Could this be a “blowout” phase?
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What is the redshift of the AGN
candidate?

@ Photometry - Mean Colors
@ Astrometry - DCR
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What is the redshift of the AGN
candidate?
@ Photometry - Mean Colors

@ Astrometry - DCR

Survey Synergies
@ Near-IR: VHS, EUCLID, WFIRST

Methods
e SED fitting
@ mean color fitting

@ machine learning methods (supervised/
unsupervised)
= Should we combine selection and
photo-z estimation or treat them
differently?
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Methods
e SED fitting

@ mean color fitting

What is the redshift of the AGN
candidate?
@ Photometry - Mean Colors

@ Astrometry - DCR

@ machine learning methods (supervised/
unsupervised)

= Should we combine selection and

‘ photo-z estimation or treat them
Survey Synergies differently?
@ Near-IR: VHS, EUCLID, WFIRST
< Challenge:

Is the photo-z precision good enough?
Can we avoid catastrophic failures?
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L
100 A
‘?E Photo-z for high-z AGN
50 1
- o High-redshift quasars and
g 20 FeLOBALs are both rare
T 10 @ Their spectral features can be
E 0] extremely similar
<

@ Photo-z regression fails for
the FeLOBAL
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T T
5500 6000 6500 7000 7500 8000 8500 9000

Wavelength[A]
Wenzl, JTS + in prep.
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LLAGN - The ultimate challenge [SST

Classification

ol 4 o Galaxy vs. Seyfert
a5 e e = Deblending the data?
ol ggeess e — Blending models?
g:z: e @ How do we get rid of normal galaxies?
o T (sersic index, etc.?)

——- LSST i — band single—epoch .

—— LSST i — band full depth = X- ray deteCtlonS ?
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QLF coverage
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Classification
o Galaxy vs. Seyfert
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& Summary

Opportunities

o Probe full dynamic range of AGN
luminosities

o Astrometry (Gaia, LSST) for AGN
classification

e Variability for AGN classification

@ Differential chromatic refraction for
better photo-z's
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Summary

L[S557T

Opportunities

@ Probe full dynamic range of AGN
luminosities

o Astrometry (Gaia, LSST) for AGN
classification

@ Variability for AGN classification

@ Differential chromatic refraction for
better photo-z's

Challenges

@ Biases and accuracy in classification
and photo-z

= Representative Training and “Truth”
data sets (number, luminosity,
features)

= Spectroscopic redshift survey (in
DDFs?)

@ Obscured AGN
= Multi-wavelength data synergies
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Flexible/Modular AGN selection J
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& Suggestions LSBT

Flexible/Modular AGN selection

Design of a multiple selections based on available features.

Training/Validation sets

Construction of both simulated and empirical data sets for training and validation

Spectroscopic redshift survey

A spectroscopic redshift survey is the only way to quantify biases and fidelity of our AGN
selection securely.

Experimenting with LLAGN

We need a small test set (photometry + imaging) to play with methods on how to
distinguish galaxies from LLAGN
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