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Plausible evolution for quasarsin massive high-z galaxies

(c) Interaction/“Merger”

- now within one halo, galaxies interact &
ose angular momentum
- SFR starts 1o increase
- stellar winds domirate feedback
rarely exote QSOs (only specal orbits)

Merger/ triggering
event

(d) Coalescence/(U)LIRG

- galucies coalesce: viokent relaxation in core
- gas inflows 1o center

starburst & buried (X.ray) AGN
starburst dominates luminosity/feedback,
but, toral stellar mass formed is small

Starburst ULIRG
/ SMG

(e) “Blowout”

- BH grows rapidly: briefly
dominates luminosity/feedback

« remainng dust/gas expelled

« pet reddened (but not Type i) QSO
recent/ongong SF in host

Transition object
blowout

Signatures of young quasars:

Sanders+88, Hopkins+08

(f) Quasar

- dust removed: now a “tradtional” QSO

» host morphology difficult to observe
tical features fade rapidly

« characteristically blue/young spheroid

Visible Quasar

? Higher accretionrates? More common or more powerful outflows?
Higher star formation rates? Recent merger/interaction? Disturbed ISM/CO kinematics?




Extremely Red Quasars (ERQs)
from 2 surveys:

— SDSS-DR12
SDSS-DR10
—— SDSS-DR7

SDSS-111/BOSS:
Sloan Digital Sky Survey-1ll / Baryon acoustic
Oscillation Spectroscopic Survey
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DR12 (fall 2014):
Fainter & redderthan SDSS-1/11 (DR7)
Spectra of 297,301 quasars at 3600A — 1um
Quasar catalog (Paris+14,16)
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Number of quasars (x109)

WISE: Redshift
Wide-field Infrared Survey Explorer
AlIWISE data release (Nov. 2013):
W1, W2, W3, W4 at3.4,4.6,12,and 22 um
96,000 detected in W3 at SNR>3




Extremely Red Quasars (ERQs
Ross+15

r—W4 > 7.4 (AB)
like Dust Obscured Galaxies (Dey+08)

At z > 2, particular odd line properties:
1) Very large emission-line REWs
2) Unusual “wingless” line profiles

3) Unusual line ratios

Hamann+16 (submitted):

Fit CIV, NV emission lines in BOSS quasars

Redshifts: 2.0 to 3.4
Trends vs color (and L) across all of BOSS

Find larger, more uniform ERQ samples
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REW(CIV) depends
strongly on i — W3 color

W
o
T

N
ul
T

N
o
T

Log Number of Quasars

=
Ul
T

=
o
!
|
o
($)]

Log % Quasars with REW(CIV) > 150A

o
U
I
=
o

©
o

3 4
i- W3

0.2—-3.5um (rest)

Normal blue quasars:
<<1% have REW(CIV) > 150A

Extremely red quasars:
~50% have REW(CIV) > 150A
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ERQs are unique with:
Large REWs
Wingless profiles
Exotic line ratios

(Outflow signatures)

Flux Ratio NV/CIV

Redefine “ERQs” usingi— W3 > 4.6
(0.2 =3.5 um rest)

Also “core” ERQs: REW(CIV)> 100A

— A distinct population
with unique exotic physical conditions




Median Spectra
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ERQs strongly favor large REWSs,
wingless profiles, odd flux ratios

Strong relationship to i—W3 color
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v ~ 8700km/s
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Outflow Evidence 1.:

J123241.73+091209.3*

30-65% have BAL OUtﬂOW lines ) sci: : ' NIV]: Sil civ HeII:OIII]—
v ~ 6400Km/s

2-5x greater than other BOSS quasars ‘ |

Like other red quasar samples (Urrutia+09)

J130421.12+083752.2
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Outflow Evidence 2.:

J101326.23+611219.9 z =3.70 |
i=21.1 i-w3=5.9 nv/civ=1.6 kt80=0.35
REW=281+/-10 FWHM=5133+/-157

Common large CIV blueshifts
v(CIV) = 2977 km/s

Spikes are Lya at v=0 (also Ol, Sill, Fell)

~7% Of ERQS have blueshlfts >2500 km/s - LY:O NVSiII CI)I (o]} SiIIV NIV‘] SiI(IZIV IHell OIII]‘ NI Feil AIIIISHI(]IZ]III] :
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= REW=87+/-3 FWHM=6231+/-156 -

v(CIV) = 3644 km/s

Outflow-dominated BLRs
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[O1ll] FWHMs & wings up to 5000 km/s

Normal [OlIl], FWHM ~ 500-800 km/s Extended (>1 kpc) quasars-driven outflows
(Zakamska+16, Hamann+in prep.)
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Blue quasars with REW > 150A

ERQs with REW > 150A



ERQ properties:

0.5

T
1

Lpot ~ 10%7 ergs/s
based on W3 mags (~3.5 um rest)
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SEDs and exotic emission lines are:

Log Normalized AF,

Not consistent with normal Type 1s

. . —1.0r — ERQs I
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cI R S I S ] (HotDOGs):
2t ' A M ERQs are generally less red, more uniform &
o | extreme AGN, similar sky densities
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Polletta+07, Mateos+12, Banerli+13, Tsai+15, Assef+15




Overlap with “Hot” dust
obscured galaxies
(HotDOGs):

ERQs are generally less red,
more uniform & extreme
AGN, similar sky densities

Blue/normal
quasars

|

HotDOGs
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Powerful Outflows Dusty

- . . Outflow?
across scales R
<1 pc to >1 kpc
BAL-like winds
SMBH
Large REWs weDisk /=Y Dusty
Type 2 —m— . et Torus
BLR outflows Broad-"
_ . line
Broad blueshifted , clouds

[Ol11] 5007

Closely tied to i-W3 color

Outflows enhanced by high accretionrates? Obscuration by outflowing
high metallcities? dusty clumpy torus?



: Well-timed evolution between quasar properties and dusty
Obscuration on ) )
host galaxies (seems unlikely)

galacticscales?

Direct interaction: Quasar outflows that shred & disperse
dusty ISM clouds

20 |—-@

Quasar

Radiation
—_—

Low-density Gas Diffuse Outflow

Hopkins & Elvis 2010

Faucher-Giguere+12,13

Tsh~Vsh2
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2 ERQs with ALMA: band 6, ~385 um (rest)

| | |
213305 km/s —

‘18“

_;I-{}Doljgn = ! | | | |
23233675 3673 25°.1 28°.0

ICRS Right Ascensicn

Continuum: 1.57 +/-0.026 mly
Leir ~ 3 x 1012 ergs/s (for Arp 220 SED)

SFR ~ 300 Mo/yr

[CI](2-1):
Strong in one 100 km/s channel
Redshift problems




Summary:

Several hundred ERQs via i—W3 at 2.0<z<3.4:

L ~ 104/ ergs/s, very large REWs, odd line ratios, BAL-like outflows, BLR outflows
Broad blueshifted [Olll] =2 unprecedented high-speed outflows at >~ 1 kpc
Exotic properties tied to extreme red UV- MIR color

Not consistent with normal quasars behind a dust reddening screen

Powerful outflows! High accretion rates? High metal abundances?

A specific blowout phase of quasar/galaxy evolution?

SMG-like star formation rates?

Evolution tests: disturbed ISM/CO kinematics? higher star formation rates? (ALMA)
higher merger rates? (HST - Zakamska), ...




