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Red Quasdrs: a peculiar subpopulation

Redder colours dnd spectrd: suppressed blue emission.

Evidence for a large
undetected population
of dust-reddened quasars

Rachel L. Webster™, Paul J. Francis”®,
Bruce A. Peterson’, Michael J. Drinkwater
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The Australian National University, Private Bag,
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I Anglo-Australian Observatory, Coonabarabran, NSW 2357, Australia

QuasaRrs have been detected at many wavelengths, but often ones
that are bright at one wavelength are very faint or undetectable
at other wavelengths. It has therefore been impossible to design a
single search technique that would identify all quasars, raising the
question of how many may have gone unidentified. Here we show
that quasars selected from a radio catalogue have a wide range of
optical colours, which we interpret as arising from varying amounts
of dust along the line of sight. Most of this dust probably lies
within the quasar host galaxy. If the radio-quiet quasars that would
normally be detected optically contain as much dust as the radio-

loand anoc fand hava anne sindatoctad at athor wavelonothe) thaen

10

0

1 UL l LI B B | I UL 1 I UL 1 I L L I LI B | I L

-—

A F2M Quasars @ FBQS Il Quasars @ FBQS Il Quasars

A A

| I — l | I — l | N — l | I — l L1 1 1 l j I — l ) I —

0.0 0:5 1.0 1.5 2.0 2:9 3.0

Redshift

e.4. Webster+1995; Glikman+2004: Urrutia+2009; Glikman+2012; +++
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Proposed origins of red quasdrs: Orientdtion vs. Evolution
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Proposed ol‘iginS of red quasdrs:

1 Blue unobscured view of BLR

1 Broad emission lines superimposed
onto continuum that peaks in UV

1 Grazing view with additional dust
along line-of sight.

1 Broad emission lines are still
present (Type |), but spectrum is
suppressed at shorter wavelengths.
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e.d. Antonuccei 1993; Urry & Pddovani 1995
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Proposed origins of red quasdrs: Orientation vs. Evolution

3:5 | | 7, i |
e o blue QSO
i o (f oohs.
_ > - X A ‘][E>
1 Blue unobscured view of BLR . Y/ @ -
1 Broad emission lines superimposed -
onto continuum that peaks in UV =l UL, /

W
-

N
Ul

P
=

1 Grazing view with additional dust
along line-of sight.
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SDSS DR7 composite spectra

1 Broad emission lines are still
present (Type |), but spectrum is
suppressed at shorter wavelengths.
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Red quasars

Proposed origins of red quasdrs: Orientation vs. Evolution

P et e o B . _ Credit:S.Munro & L Klindt

Merging Starburst Red (obscured) PBlue (unobscured) . Early-type
galaxies quasar qudsdr galaxy

Preferentially obscured

see e.¢., Sdnders+1998; Hopkins+2008; Alexdnder & Hickox 2012; Glikmdn+2012.+++



Red quasars

Proposed origins of red quasdrs: Orientation vs. Evolution

Red (obscured) Blue (unobscured
quasdr quasdr

In this model the "nucledr environments” dre effectively different
for red dnd blue qudsdrs

see e.¢., Sdnders+1998; Hopkins+2008; Alexdnder & Hickox 2012; Glikmdn+2012.+++



Objectives

Test between these two proposed models for the exiStence of red qudsars.

Limitations of previous work is that studies did not uniPormly Select red dnd

blue qudSdrS from the same parent sample and they were limited in source
statistics.

Aim of our study is to address this via a cdrePtu controlled experimen’r and

to ultimately fit another piece to the red quasar puzzle.
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Selecting red dnd blue quasars

Colour & radio-
uniform sample
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dat the same redshift (e.¢., Richards+2003). ‘

2.0

Redshift
7

4o
o

0.5 | ; oo ® blue QSO
' @ control QSO
® red QSO

—-0.5 0.0 0.5 1.0 1.5 2.0 2.9 3.0



. iP: i © ; © A /A D . . )
" 5 5 2 p : 3 N ' 3 b4 i1 £ = A ki A A % “:A . 50 - X 3 b4 1 4 s 4 BY B ” D , o ¢ ; 35 s
: N B .? . : A H Y e A .r E iﬁ.; .4« é‘.€ by é“< 3 : ""’T.fj f“‘f‘ i 4 w 4 B Bl B A B 4 d E) B H O EH A LD © KA z V‘f:. “. : R
o B }3 4 NP4 <Y ! | \ v 3 A i H O HE H— 8 e 2 41 HEl HE b : % 2 : M H B K S KM BE JHE HE R 2 <A M B H EHHEEHEOD
g § ¥ \y

QN

Dust reddeningz A(g* - i)

Measure of quasdr colour reldtive to medidn qudsar
dat the same redshift (e.¢., Richards+2003).
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extinctions of up to Ay ~ 1— 6 mag.
see e.d., Glikman+2004; Banerji+2012
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ample selection

Radio emission — FIRST 14 GHz

Faint Imdges of the Radio Sky at Twenty-centimeters

requency = 1.4 GHz resolution = 5" detection threshold = 1 mJy
projected sizes =43 kpc atz=1.5




ample selection 1dio-detec Viorphologies Radio Loudness

Radio emission — FIRST 14 GHz

rddio-detection rdte




5 —10%

Radio-detection

FIRST-detection frdction

blue QSO

fFIRST, 1.4 GHz

blue QSO
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blue QSO

® control QSO

5 —10%

5 —10%

Radio-detection

FIRST-detection frdction

fFIRST, 1.4 GHz

blue QSO B control QSO

| | | | |
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Radio-detection

FIRST'CIQ"’GC"’|O“ P[‘d(‘;l"cn blue QSO B control QSO red QSO

| | | | |
ue QSO 5 —10%
0.25F -
® control QSO 5 —10%
0.20F —
red QSO 11— 22% %
<
* We see a significant enhancement in — 0.15 -
the detection rate of red quasars o
across all redshifts. Sy o
0.10F J._ - -
. _
i
0.050F b -
| | | | |
0.0 0.5 1.0 1.5 2.0 2.0

| Redshift



Radio-detection

FIRST'CIQ"’GC"’|O“ P[‘d(‘;l"cn blue QSO B control QSO red QSO

| | | | |
blue QSO 5 —10%  Klindt+2019
0.25F _
® control QSO 5 —10%
0.20F _
red QSO 17— 22% %
<
* We see a significant enhancement in — 0.15 -
the detection rate of red quasars o |
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O].O B |_-_| — =
T
* Match in rest frame 6 pm luminosity — B _
and redshift. ' e | - .
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Radio-detection

FIRST-detection frdction

blue QSO 5—10%
0.25
® control QSO 5 —10%
0.20
red QSO 11— 22% %
<
* We see a significant enhancement in ~ 0.15
the detection rate of red quasars o
across all redshifts. Sy
0.10

* Match in rest-frame 6 pm luminosity

and redshift.
Result holdg | 005

* Note we don’t see significant
differences in BH mass and Edd ratio
after matching in Leym and z.

0.0

blue QSO B control QSO red QSO
| | | | |
Klindt+2019
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Red quasars  Sample selection Radio-detection ~ Radio Loud

Radio emission — FIRST 14 GHz

rddio morphologies




d quasars  Sample selection Radio-d

Radio emission — FIRST 14 GHz

rddio morphologies
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Visudlly dssessed ~1400 FIRST cutouts to classity radio-detected quasars



Morphologies
Rddio emission — FIRST 14 GHz

, rddio morpbo|ogies

~ Extended ~ Compact FR 11

) Fpeak <3 Jy




Radio morphologies

® Bilue & control QSOs have similar
fractions in all morphology classes.

R
-

Percentage of colour-selected sample (%)
-

Morphologies

)
| ]
| !

i

|
|

'

|

'

| |

|

|

f

1
]
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

FIRST-detected blue QSO
' FIRST-detected control QSO

N i e paptpnan ey |

NN & IS & B D B f B D B B S § B D B B B B B F B B B B B B B D DS B B B B § B D B B B B DS B B § . .
i E T
i

Faint
Fpeak < 3m]Jy

Compact Extended FRII-like Compact
FRII

Radio morphology

a
5.
Q.
s
+
N
o
=N
e




Morphologies

Radio morphologies

. o ~ 10k : : | FIRST-detecte.d blue QSO 1
Blue & control QSOs have similar > , i @ FIRST-detected control QSO || IS
fractions in all morphology classes. | : | F'RST-detecteld red QS0 3
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Radio morphologies

| Blue & control QSOs have similar

fractions in all morphology classes.

Red QSOs have similar FIRST
detection fractions to the blue and
control QSOs in the extended
classes.

A factor of 2—6 more rQSOs have
either compact radio emission or
are radio faint, in comparison to
blue quasars.
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Morphologies

Faint
Fpeak < 3m]Jy
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Going deepel‘ X
resolving smdller scales

* SDSS DR14 — half a million QSOs

* Even when going 2 orders of
maghnitude deeper we see an
enhancement in the radio-
detection rate of red quasars.

* Starting to see radio differences at
the host galaxy scale.
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Radio Loudness

footnote: do red qudsdrs have different dccretion ratesy

— 47.5 —
v |
v 19S <24|
-
4D
—. 46.5 S ES—
= Mgl |
= | |
= 46.0 07<z<19]
= 455 —
5 ~ Hp |
= 45.0 |0-2<2<07}
44 .5

FWHM [km s71]

* NIR selected QSOs have higher accretion rates (e.g., Richards+2003, Urrutia+2012 & Kim+2015).
* No strong differences in the average accretion rates between red and blue quasars.
* Further explore this with our X-shooter sample!

Klindt+2019




Radio Loudness

Rdd iQ | Qud neSS radio-quiet radio-intermediate radio-loud

| | ' | I I ! !
R = fradio / Foptical - ® x=FbQso

1 Relative ratio of the quasar in the radio
band to the overall accretion power.

R = |0310(L1.4GHZ/ Lbum)
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@ No excess of blue quasars
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Radio Loudness

Radio loudness

R =fraai0 / £ optical

1 Relative ratio of the quasar in the radio
band to the overall accretion power.

R = |0310(L1.4GHZ/ Lbum)

@ No excess of blue quasars
relative to control quasars.

No excess of red quasars relative
to control quasars at radio-loud
end.

Excess of red quasars which are
radio-quiet or radio-intermediate.

I

N1.4a6Hz(X)/N1.46Hz(FCcQSO)
N )

radio-quiet

radio-intermediate

radio-loud

Pmech, synch/Prad, Léum = 0.1%
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® x=FbQSO
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|
|

_______________ .|____________________
|
|
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x = FIRST-deteted red QSO |
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R = logi1o(L1.46Hz/ L6um)
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Radio loudness

corona

star formation

Panessa+2014
see dlso Zdkamskd & Greene (2014): Hwdng+2018

I

N1.a6Hz(X)/N1.46H(FcQSO)
N )

radio-quiet

Radio Loudness

radio-intermediate

radio-loud

Prech, synch/Prad, Leum = 0.1%

| | U
® x=FbQSO

U

I
| |
_______________ .|____________________
. |
I
I
I
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x = FIRST-deteted red QSO _

| H I
—-4.0 —3.5 —3.0
R = logi1o(L1.46Hz/ L6um)
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Radio Loudness

Rdduo |oudneSS

N ﬁ

22cm‘ |

|

Radio
Ioudness

wedk jet, strong winds i

i

=100 102 Cm“2
|}
|

Sh‘ongjef wedk winds :

11

|

Radio i
Ioudness \\ // Wind N, f

102°cm—2

! i

LSS — — J

Anti- correlatlon between |on|sed wmds and the
radio loudness parameter (Mehdupour+ZOH).

I

N1.4a6Hz(X)/N1.46Hz(FCcQSO)
NO o

radio-quiet radio-intermediate radio-loud
| | | I ! ! !
X = FbQSO
B x = FIRST-deteted red QSO _
S
S
U
L g_ —
)
o |
|
________________ |____________________
|
|
|
l l | l I I I I
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Radio Loudness

Rdd io | oud neSS radio-quiet radio-intermediate radio-loud

| | ' | | U | |
. X = FbQSO
X = FIRST-deteted red QSO

Explore whether the radio emission comes from winds

- " . — . 7 E
w - 0 - ¥ x = FIRST-deteted BAL QSO | l=}
- | O
o &
N S
o&d |
O S :
T, —
\-/N (@)
T 2 x
3 % i
- -
" S
= 2| 5 -
. < n |
- — .
7 !
1 _______________ .| ______________________________________ —
| S
|
| X
-5.0 -45 -40 -35 -3.0 -25 -2.0

e.q. Najita+2000: Ross+2015; Hamann+2017; Morabito+ 2018 +++ R = logio(L1.46Hz / Lepm)
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The LOFAR view of
red qudsdrs

B
o

Klindt+2019

W
Ut

r =

W
o

1.5

* LoTSS: image entire northern sky
@ 120—168 MHz with 6” resolution.
* Confirmation of enhanced radio
emission in the red QSO population.

1.0

0.5

Scaled ratio of of LoTSS detections (N,os0/N.oso)
N
(@)

0.0

—3 —2 —1 0 1 2

RP = log (Kinetic / Bolometric) : ;
tRosario+201 9, Iin prep |




Scaled ratio of of LoTSS detections (N,os0/N.oso)

B
o

W
Ut

W
o

1.5

1.0

0.5

0.0

—3 —2 —1 0
RP = log (Kinetic / Bolometric)

AGN

Klindt+2019

1 2

AIVAUIV L/IVUULIIVSS

The LOFAR view of
red qudsdrs

r =

* LoTSS: image entire northern sky
@ 120—168 MHz with 6” resolution.
* Confirmation of enhanced radio
emission in the red QSO population.
* At lower R values the enhancement
drops.
* Enhancement is due to AGN

processes? p |
LRosario+201 9, Iin prep |




Summary

We think that the mdjority of red quasdrs dre younger systems..

see dlso Georgakakis+*201Z;. Gllkmdn+201l Sobolewskd+2018 i+t

3 L]

weak winds
dust

s ured nucleus - unobscured nucleus

compact,
young jets

“extended,
‘evolved jets

Red Qudsdr Blue Qudsdar
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fFIRST, 1.4 GHz
S
p—
ol

Take home message

* Optically selected red quasars have an enhanced radio-detection fraction.
* These red quasars are preferentially compact and radio-quiet.

enhanced -
FIRST detection rate

[ N [N T N (N T N TR T
1.0 1.5
Redshift

* Our results favour evolution over orientation.

f—
= -
T 11 T 11

Percentage of colour-selected sample (%)
-

compact radio -
morphologies ;

Faint  Compact Extended FRII-like Compact

Fpeak < 3mJy

Radio morphology

FRII

N1.46Hz(X)/N1.46H(FcQSO)
w

Summary

>
1 1 1 1 1 1

N
T 1 T T 11

preferentially

%

Pmech, synch/Prad, Lepym = 0.1%

radio-quiet -

I T T T Y T Y T T B [
-40 -3.5 -3.0 -2.
R = 1og10(L1.46Hz/ Lepum)
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Rest-frdme Lyym VS. redshift

Normalized number

Rest-frame 5100 A| || Rest-frame 3000 A] | Rest-frame 1350 A | | B bQSO
z<0.7 ” 0.7<z<1.9 | z=1.9 | | L1 cQso
0.4 - - : - B QSO
] R i
] K i
1 | | |
0.3 |
|
|
0.2 I
0.1
|
0.0

0.98 0.99 1.00 1.01 1.02 0.98 0.99 1.00 1.01 1.02 0.98 0.99 1.00 1.01 1.02
log(Lbol, 51004)/10g(Lpol, 6um) log(Lbol, 30004)/10g(Lpol, 6um) log(Lbol, 13504)/10g(Lpol, 6um)

1 This is the signature that we would expect for dust reddening as the shorter wavelength emission will be
more suppressed for a fixed amount of obscuration than longer wavelength emission.

MIR is d more relidble measurement of the intrinsic AGN power |



ReSf"ﬁ‘dme Lbum VS. Lbo|,5hen

Z
48.5 / / /
eee hHQSO ya eee QSO Y4 eee rQSO i 2.25
_ 48.0 ' ' ’
— 2.00
Icn 47.5
9 47 0 1.75
2 1.50
. 40.5 |
3 1.25
ﬁ 46.0
g A5 5 1.00
-
o) 45.0 0.75
@)
— 44 5 0.50
44 0 4 0.25

44.5 455 46.5 475 485 445 455 406.5 475 48.5 445 455 46.5 47.5 48.5
log(Lpor, 6um) [eTg 5711

MIR is d more relidble medsurement of the intrinsic AGN power |

t Klindt+ 2019 |
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log(L1.46Hz) [W Hz 1]
o

NO
N

L14GHz vs redshift

N
o
1

R $3 median log(L;.4cHz) / Zz-bin i
N @ SFR=1000Mgyr? " SFR = 1000 Mg yr-! _
B ’ SFR = 100 Mg yr? 1 SFR = 100 M oyr~? 1 SFR = 100 Mg yr? i
i e®e FbQSO |1 FQSO (1 00®e FrQSO [
i I N N N T A TN T T T T T N T A N I R e T T T T TR TR T A T N T N I I e ol T T T T TR T T N T N T T .
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.0

Redshift

Klindt+ 2019




Fi,synch = Fi,SDSS3
1 6.3% FbQSOs
6.0% FcQSOs

Red Synchr‘oh‘on

a0
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g

(@)
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O -2
ol FbQSO

—3 FcQSO

B FrQsoO

0.15 0.10 0.05 0.00 0.05 0.10 0.15
Normalized number




The LOFAR view of red quasars

cQSOs rQsoOs Z

2.4
2.2
. 28
. 2.0
N
T
= 27 1.8
= 1.6
= 26
0 1.4
S
— 25 1.2
1.0
24
“‘ “' “‘ “' “‘ “' 0.8
44.0 445 45.0 455 46.0 46.5 440 445 450 455 46.0 46.5

log Lg,,, (erg s—)

LRosario+ 2019, in prep
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rQso
L 4.0 @® cQso|-
- )
=1 le 5 3.5 x 582
s = (252)
(V)]
3 30 x
b
@ 2.5}
Q
)]
s 2.0}
@)
S .. ,
Yo "
= ® 4 >
o 1.0f 1
JL-)’ ]
.. £ 0.5
tFawcett+ 2019, in prep] -
| Faint Compact Extended FRII-like

F <1lm
( peak, S82 JY) Radio Morphology



l09(L1.46Hz, sFr) [W Hz™1]

w 3GHzdetrQSO © 3GHzundetrQSO +r 3GHz det QSO
vr 3GHz det cQSO 3GHz undet cQSO 3GHz undet QSO
24.5
/ Sk K
24.0
O LK,
d? ol -4 1000
23.5 @ Ny g
k<
7@%%* *
o ,-"’. )":3 Y
_ %: L3 A, 7 Wk T
2 /% P * 5 KK K 100 %
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v("z\ 4 N
VY
22.0F 4 lal 110
%
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21.0k
. 021 22 23 24 25 26 27

log(L1.46Hz) [W Hz™1]

Fraction of full QSO sample (%)

Fraction of full QSO sample (%)

100f 22:4% S82 ]
: 45.4% 50.0% I C3GHz |
10k |8477
: 54
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1.8% 1.7%
1k 0.8% 2:2%
0.4%
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0.1F 68 | 1
36
. 0.0%
' Radio undet Faint (<1 m)y) \Compact Extended (>1.8") FRIl-like
C3GHz depth
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24.1% 29.0%
10 3
: 45 ]
- 26 a2
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0.1F +
0.01 Unknown SF AGN

Radio emission




Size of radio source (pc)
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