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Radio-loud

Radio-quiet
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Jet mode
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Type 2

Type 1

Low-excitation radio source

« Very massive early-type galaxy
« Very massive black hole

« Old stellar population; little star
formation

« Moderate radio luminosity
« FR1 or FR2 radio morphology

« Weak (or absent) narrow,
low-ionization emission lines

AGN LINER

« Massive early-type galaxy
« Massive black hole

« Old stellar population; little star
formation

« Weak, small-scale radio jets

« Moderate strength, low-ionization
narrow emission lines

|
|
High-excitation radio source !
I

« Massive early-type galaxy @"

« Massive black hole :
« Old stellar population with some :

ongoing star formation @—

« High radio luminosity
« Mostly FR2 morphology
« Strong high-ionization narrow lines

Type 2 QSO / Seyfert 2

« Moderately massive early-type disk
galaxy with pseudobulge

« Moderate-mass black hole

« Weak or no radio jets
« Strong high-ionization narrow lines
QSOs more luminous than Seyferts
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« Significant central star formation \
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Radio-loud QSO

Host-galaxy properties like high-
excitation radio source, but with
addition of:

« Direct AGN light

« Broad permitted emission lines

» Sometimes, beamed radio emission

Radio-quiet QSO/Seyfert 1

Host-galaxy properties like

Type 2 QSO and Seyfert 2,
respectively, but with addition of:
« Direct AGN light

« Broad permitted emission lines
« Bias toward face-on orientation

Light dominated by host galaxy
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Jets in Hyper-Luminous Obscured Quasars

£ SN R S I N RS S 1>
E i1\ WISEINVSS red

e Cross-match of WISE o """" """" """" v QSO selection” """"
very red selection with . NS SUURSSU SO SRS VAR SR SO SO
compact NVSS radio - ________ ________ ________ \\ _______ .

sources S T T

10 -

.............................................

* Image with JVLA,
VLBA, MERLIN

W1 -W2
[\
!
.
.
i

log( f22plm / f20(:m )

1 F-AGN-selection - Rt S 05

......................................

Lonsdale et al. 2015, OF i 4
ApdJ in press P R

| 1 i 1 | 1 i 1 | ! i 1 \ 1 : _1.5

-10

Kimball & Lonsdale, in prep. W2 - W3
RL AGN in WISE color space

Rimini, CSSGPS



20cm selection: >5mly; radio-intermediate or RL

radlo—loud AGN

z~25 qvalue

log([22um, mJy])
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The WISE Red Samples compared to Spitzer DOGs
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J and Ks Imaging at VLT/ISAAC

Andrew Blain et al. in prep




Flux density (10" "Wm~2um)

Optical-NIR Spectroscopy, ~60 sources
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SOAR 4m, CTIO, Palomar
200 inch, VLT/XShooter:
high excitation narrow
lines

Magellan 8m, FIRE NIR:
[Olll]: some evidence for

shocks & outflows; (Kim et
al 2103)

ULIRG - HyLIRG AGN
luminosities
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49 observed with Cycle 0 ALMA at 345 GHz to
constrain cool dust

* 15-23 antennas
* 90s on source

* 0.3-0.5 mJy rms
* 55% detections
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lOg ( f870Mm>l< / fZZMm* )

Low 870 / 22um flux ratios: MIR-dominated
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Normalized (4.6um) Rest-frame SEDs
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Our Radio-
selected sample
and the radio-
blind WISE
samples are
similar in MIR SED
shape

Herschel & ALMA
data: SED shape is
AGN-dominated

Much redder in
MIR than
templates
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As expected, the Spitzer-selected DOGs are not as red
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Torus Models
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3C RGs, Hiz RGs and Spitzer-selected red quasars

Comparable radio power to HzRG cores but with enhanced L,z
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Torus + starburst models

Efstathiou et al. 1995+ tapered disk. Stalevski et al. 2012 clumpy torus
~3 x 103 Lg; 15 Myr compact starburst
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Log vS, (Jy Hz)

Log vS, (Jy Hz)

Torus + starburst models a. Efstatiou et al. in prep.

Torus can power all emission if large enough
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— Opening angle 45 deg.

* Requires very large
size to explain submm
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J2000 Declination

J2000 Declination

JVLA X-band A and B-array Imaging, 156 QSOs
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Steep radio SEDs
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Flat and inverted radio SEDs

log(vF) Wm™?

10"
10-15

106
107
10-18 _
10
10-20

log(vE) Wm ™2

J0304-31

E I I
= Te 3
E E
: > :
= J
-
= 1

s

-

1 1 1 | 1

- 7J0536-27

F I I 1 I 1 3
s 3
3 o E
[ - i
3 n 3
[ ]
2 L 3 1
3 3
i . )
3 3
: .
L 3
E 3
E 3

|

10 11 12 13 14

Log Frequency, v Hz

15

log(vF,)) Wm™?

log(vF) Wm™?

J1820+79

T T
-
3 - F
- > =
3 = -
3 =
; - :
E 3
- -
3 3
1 1 1 1 1
T T T T T
E = 3
[ .
:'- - ‘:
L . 4
E 3
3 3
3 E
1 1 1 1 1

Log Frequency,

v Hz

Rimini, CSSGPS



GPS / HFP SEDs ?
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VLBA Results
VLBA snapshot imaging of 90 quasars at SGHz

20m per source

beam ~ 10-15pc
T, = 10’ K =»AGN-powered

rms ~ 50ujy
structures ~ 100pc
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VLBA multi-frequency imaging ongoing

1.4,4,8, 15 GHz ~0.5 - 50 mas spatial scales ~5-500 pc
&)
© MERLIN
’ 3 proposed
w
J0304-3108 J0342+3753 J0404+0712 J0739+2347
‘ : ,\ 1 |.4 & 5 GHz
350 — 1200
S ;; pc spatial
© J
& | scales
S
[ S
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0
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May-29, 2015 Rimini, CSSGPS



Summary: the sources

Strongly MIR-dominated

Redder at A < 10um than any other known quasar samples

Luminosities 1012>— >10% L 0.2<z<3

Similar to Spitzer PL DOGs but redder and more MIR-dominated

SFRs hard to constrain: SEDs can be fit with warm AGN-heated dust
— But would require ~“kpc scale AGN-heating — unlikely

High radio powers similar to HzRGs cores

Most are compact in the radio at 10 GHz on <~kpc scales
— ~10% resolved CSS on <10 kpc scales
— Most 1.4 — 10 GHz SEDs are steep, from -0.7 to -1.6
— at least 4 likely GPS but insufficient data
— significant fraction are flat

Range of morphologies at 5 GHz (VLBA) on ~200 pc scales
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Summary: implications and future

Highly luminous, radiatively efficient (quasar mode) AGN can drive
powerful jets at z~2

Jets can reach CSS stage on ~10 kpc scales
Very high obscuration implies very large central ISM columns (densities?)
Jets probably co-exist with substantial star formation,

— but could be very young starbursts: <107 years
— SF needs confirmation at other frequencies

ALMA proposal to map CO in 3 sources
Ongoing VLSA, VLBA MERLIN imaging of subset
HST imaging proposed for 10; Chandra for brightest source
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