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WISE quasars

——  Toward a census of quasars

Why is this an interesting thing to do
Selection techniques

———  Extreme sources

Hot DOGs (Roberto Assef's talk)
Extremely red quasars (ERQs??)

1 Why are they extremely interesting

Quasar feedback at the peak of galaxy formation



1. Toward a complete census of quasars

——1 Demographics of quasars (obscured
vs unobscured) is still an unsolved
problem

——1 Especially at high luminosities,
especially at z=2-3

——1 Quasars, quasar obscuration played
key role in galaxy formation

——1 Especially af high luminosities,
especially at z=2-3

—— Soltan argument, X-ray background,

obscuration geometry / evolution
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Figure 1. Behavior of f; with estimated bolometric luminosity. Upper panel,
open symbols: data from Tueller et al. (2009); crosses: Hasinger (2008). Lower
panel, filled circles: De Grijp et al. (1992); open circles: Rush et al. (1993); open
squares: Lacy et al. (2007); filled triangles: Ogle et al. (2006); dashed line: Ho
et al. (1997). Error bars are 68% confidence except for the lower limit at high
X-ray luminosities, which shows a 90% confidence interval.

Lawrence & Elvis 2010
Reyes, Zakamska et al. 2008



——1 Demographics of quasars (obscured
vs unobscured) is still an unsolved
problem

——1 Especially at high luminosities,
especially at z=2-3

——1 Quasars, quasar obscuration played
key role in galaxy formation

——1 Especially af high luminosities,
especially at z=2-3

——1 Soltan argument, X-ray background,
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1. Toward a complete census of quasars

—— Demographics of quasars (obscured
vs unobscured) is still an unsolved
problem

——1 Especially at high luminosities,
especially at z=2-3

Antonucci 1993

——1 Quasars, quasar obscuration played
key role in galaxy formation

——1 Especially at high luminosities,
especially at z=2-3

——1 Soltan argument, X-ray background,
obscuration geometry / evolution

Sanders et al., Hopkins et al.



1. Toward a complete census of quasars

——1 In principle, WISE is sensitive to both T
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—— Power-laws vs " screen of cold dust’



—— In principle, WISE is sensitive fo both
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W2 colors

——1 In practice, wide range of quasar
SEDs

—— Power-laws vs " screen of cold dust’
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1. Toward a complete census of quasars

—— In principle, WISE is sensitive fo both
obscured and unobscured population

—1 AGN excess over the galaxy - red W1-
W2 colors

——1 In practice, wide range of quasar
SEDs

—— Power-laws vs " screen of cold dust’
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1. Toward a complete census of quasars

—— In principle, WISE is sensitive fo both
obscured and unobscured population

—1 AGN excess over the galaxy - red W1-
W2 colors

——1 In practice, wide range of quasar
SEDs

—— Power-laws vs " screen of cold dust’
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1. Toward a complete census of quasars

42 43 A4 45
——1 Observationally, agreement between OREREET 3 T
different selection methods at x10% ol ] L :

level E __ =+--*l;_, f
5§ sof 4H+ |1 :

——1 Something strange especially at high

Fraction

|luminosities _ -
20__ b - * n
~—{ mportont regime or quosar |
feedbuck a0 a o L[o:?[erg o 43 44
, 11 Mateos et al. 2013 (based on optically
. Conclusion: exisfing methods are selected type 2s from Reyes, Zakamska, et al.
“clean” but not complete 2008)

see also poster by Marvin Rose

— Solvable but unsolved problem



2. Extreme sources
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———{ Hot DOGs: Roberto’s talk w1422
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—1 Selected as very red in WISE colors e 1F

(Eisenhardt et al. 2012)

W0109+4917
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¥2=32.40
E(B-V)=25.12

W0755+5213
z=0.249

xe=27.71
E(B-V)=16.82

———1 Any redder and they would be Cold
DOGs... (but typical for star-forming

Vops FO2* (10719 erg s™! cm™2)

galaxies) 10°
10!
——1 Astonishing infrinsic luminosities: 10-2 Fo l
1047-10%8 erg/sec 0.1 ! 10 0.1 I 10

Rest—Frame A(um)

——— Xeray follow-up: extremely luminous, Asset et al. 2014

exiremely obscured



2. Extreme sources

- 46 O Alexalnder et al. 200l8
—— Hot DOGs: Roberto’s talk A Alexander etal. 2013
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107108 erg/sec log vL,(6um) [erg 5]

——— Xeray follow-up: extremely luminous, Stern et al. 2014

exiremely obscured



2. Extreme sources

———{ Hot DOGs: Roberto’s talk

——— Selected as very red in WISE colors
(Eisenhardt et al. 2012)

———1 Any redder and they would be Cold
DOGs... (but typical for star-forming
galaxies)

——1 Astonishing intrinsic luminosities:
10%-10% erg/sec

——— Xeray follow-up: extremely luminous,
extremely obscured
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2. Extreme sources

——— Extremely red quasars

107 & E

' Start with SDSS quasar catalog, select
objects that have high W4 /optical
ratios

108 E

vL,, x10% erg/sec

105 L

——1 Aim fo select obscured AGN (provided
they were also optically selected!)

rest A, pm

—— Bimodal redshift distribution Ross, Hamann,

Zakamska, et al. 2014

' Red type Ts, type 2s, BAL...

—— A population with bizarre opfical line
properties



2. Extreme sources
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objects that have high W4 /optical 2 Y FoIA0
ratios S 400 "5
N
——1 Aim fo select obscured AGN (provided § 200

they were also optically selected!)

—— Bimodal redshift distribution

o

2, redshift

' Red type 1s, type 2s, BAL... Ross, Hamann,
Zakamska, et al. 2014

—— A population with bizarre opfical line
properties
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3. Why are these extreme sources relevant?

—— Have a suspicion that they may be Miiasa s aanaanas e aate

sites of “quasar feedback at peak
galaxy formafion” R =2 = ey
—— 7=2-3 is peak of galaxy formation, B
quasar activity H
j n
——1 Likely when black hole / bulge & 10

correlations were established

—— Quasar feedback limited the maximal

mass of galaxies

——— Major theoretical, observational

effort in extragalactic astronomy, Boyle & Terlevich 1998
cosmology Hopkins et al. 2008



3. Why are these extreme sources relevant?

——1 What are observational signs of
quasar feedback?

—— Feedback: strong effect of the quasar

on the surrounding galaxy-wide,
extragalactic environment

——1 Until recently unclear. But now
several different methods: molecular
outflows, neutral outflows, absorption
line outflows, emission line outflows

——— Both radio-loud and radio-guiet

quasars are capable

Artist: L. Cook / Gemini Observatory



3. Intro to quasar feedback

log density log temperature

——1 For example, radio-quiet quasars (no P i€
jets) e c
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3. Intro to quasar feedback

——1 For example, radio-quiet quasars (no

jets) I
0.2 | ; 3

——1 (lose to the black hole: radiatively

driven winds (“line-driving”) : . §
: g ‘1
——1 upto>10% of ¢! 9 N
——1 =107 year homb in a gas-rich '
medium S T
—— Density distribution, clumping of the Wagner et al. 2013
ISM crucial Spherically symmetric models: King, Faucher-Giguere & Quataert:

typical velocities at large scales of 1000 km/sec.



3. Observations of feedback in low redshift quasars

—— We should see photo-ionized, shock-

ionized gas in the outflow on galaxy

scales
to— . —é > ‘::~ """"" et

observer
—— Look at emission lines

uiation i

——1 Spherically symmetric outflow: high ;
physical velocity = high line-of-sight v
velocity dispersion

Approximately:

——| Obscuration in the outflow or host vo=FWHM/1.4

galaxy=blueshifted asymmetries



3. Observations of feedback in low redshift quasars

——1 We see this at low redshifis! e O e u
—— IFU ohservations revolutionizing this ’,‘ ﬁ :Z A _.;:. " u
aren » - ;
—— Line-ofsight velocity dispersion = o & o o
! ! 'l'-‘; _l_i;' ﬁ ;zzo 0.15

typical outflow velocity=800 km/sec P o

10 kpe @] EX 600 :Zj

SDSS J0841+2042 SDSS J0841+2042 730 SDSS J0841+2042

—— Blue-shifted asymmetries = classical

outflow signatures f; - 'ﬁ : | *.‘ 2
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Liu, Zakamska, et al. 2013ab, 2014




3. Observations of feedback in RQ quasars

— Now seen by several groups in type 1 U g
und lI.ype 2 quusurs (e.g.’ Hurrison et — SDSS J0321+0016 O Z::i) SDSS J0321+0016 0 SDSS J0321+0016
al., Rupke & Veilleux, Husemann et - = :f
al., Villar-Martin et al., Hainline et ’ ol 0
al., Alexander et al., Cano-Diaz et al., o ol :Z
e“c ) SDSS J075%1339 ig iiﬁ SDSS J0759+1339
—1 IFU and longslit spectroscopy = | .
10 kpe O [ "
4|: HOW 1.0 conver‘l' 1.0 musses, energies? SDSS J0841+2042 q-):o SDSS J0841+2042 :z:: SDSS J0841+2042
S ®f o

Liu, Zukumsku et al. 20]30b 2014
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xtreme WISE quasars and quasar fee

Raw results alert

Consuming raw or undercooked data
may increase risk of confusion



3. Extreme WISE quasars and quasar feedback

——1 VLT NIR spectra, rest-frame optical

—— With Fred Hamann, Isabelle Paris

erg/sec/cm?/A

——1 Extreme [OIIl] widths, extreme blue
asymmetries

flux density, 10-17

——1 Physical velocities >3000 km/sec
—— Unprecedented at low redshift

——1 Possibly the “smoking gun” of
powerful feedback?




3. Extreme WISE quasars and quasar feedback

——1 VLT NIR spectra, rest-frame optical E “

—— With Fred Hamann, Isabelle Paris

——1 Extreme [OIl] widths, extreme blue N
asymmetries W A J k V

——1 Physical velocities >3000 km/sec T L1 TS
4800 4900 5000 5100

—— Unprecedented at low redshift
lowz

rest wavelength
Comparison with “typica

——1 Possibly the “smoking gun” of type 2 quasar, FWHM=700 km/sec

powerful feedback?

flux density

|II



3. Extreme WISE quasars and quasar feedback

——1 VLT NIR spectra, rest-frame optical

—— With Fred Hamann, Isabelle Paris

——1 Extreme [OIIl] widths, extreme blue
asymmetries

——1 Physical velocities >3000 km/sec
—— Unprecedented at low redshift

——1 Possibly the “smoking gun” of
powerful feedback?
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Summary

Demographics of quasars remains an
unsolved problem

IR surveys can potentially solve this
problem, especially supported by multi-
wavelength observations, better models

WISE: combination of sensitivity, wavelength
coverage, sky coverage

WISE discovery: extremely luminous
obscured quasars at peak galaxy formation

Possibly “smoking gun” of quasar feedback

flux density

L !

i

|

I 1

4900 5000
rest wavelength

9100



