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z z > J
2 z “blow-out” phase
- now within one halo, galaxies interact & - galaxies coalesce: violent refaxation in core . BH : : N " .
lose angular momentum - gas inflows to center: e i T N o I’ll be focussing
- SFR starts to increase starburst & buried (X-ray) AGN - remaining dust/gas expelled tidal features fade rapidly d
- stellar winds dominate feedback - starburst dominates luminosity/feedback, - get reddened (but not Type Il) QSO: h lly blue/ heroid onre q'llasaIS
- rarely excite QSOs (only special orbits) but, total stellar mass formed is small § recentiongolig SF mYE:“ + - chanactenistcally bluefyoung spheroi

high Eddington ratios
merger signatures still visible
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What 1s a red quasar?

Majority of optical

~ 0
quasars are blue 10% are red

light dust obscuration
« E(B-V)<~0.5
e still observe broad lines

Fawcett+ 22

Optical images taken from the Sloan Digital Sky Survey
(SDSS)

Afy (arbitrary units)

Where is the dust coming from?

E(B-V)=0.0, Av=0.0 mag
—2000 3000 2000 5000 6000 7000
Rest Wavelength (A)
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Red/dusty quasars as a transitional phase

Orientation model: differences in observed
properties due only to observers' line of sight

; 2
" Lacgl?e quasar: ...and/or...?
N\ Red quasar?

Type 2 Transition/evolution model: Red quasar represents
/c’fuasar a brief obscured—unobscured transition phase?
FR T (NLRG) —
< Sofn Credit- S. Munro & L Klindt
N 4 / y
, P— .- * — g, —
“*“Yﬁt \\/\\; ’ R Seyfert 1 J
. . Merging Starburst Red (obscured)  Blue (unobscured) Early-type
qdlaxies quasar quasar gdlaxy
: ———————— —————————
Torres & Al’lChOIdquI (2004) Preferentially obscured Preferentially unobscured

e.g.,Sanders +88, Hopkins+08, Alexander & Hickox (2012)

How can we distinguish between

these models?
- in a transition model we would expect fundamental differences in properties

not due to selection/orientation effects
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Dust-radio connection

Fawcett +23: Radio detection —
opacity connection
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* Dust-reddened quasars ~2-3 x more

likely to be detected than typical blue

quasars (eg. Klindt+19, Rosario+20,

Fawcett+20,21)

* predominantly due to radio-
quiet/intermediate sources

Radio detection fraction

Ciera Sargent (ciera.l.sargent@durham.ac.uk)

Klindt +19 not explained by
orlentatlon'
ﬁ 10F FbOSO, -
o : * * B FbQSo
= FcQSO5H \
O ® FcQSO
@© 1 v FrQsoi 10% bluest g*-i*
H ® ~ » % FrQso x ||
x LT
= Bk N\
8 10% reddest g*-i*
B & |
O o0.if | !
;a
g¢] Faint Compact Extended FRIl-like Compact
2 Fresc < 3mly . FRII
Radio morphology

 Excess detection rates driven by compact (<host
galaxy scale) radio morphologies (eg.
Fawcett+20, Rosario+21)
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Dust-radio connection

What is causing this excess radio emission?

Shocks due Red quasar—— Blue quasar

to AGN
driven
winds?

Low power
jets
interacting
with higher
opacity
ISM?
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Radio morphologies at different frequencies

1.4 GHz (FIRST)

z=0.59

130 kpc

3 GHz (VLASS)

144 MHz (LoTSS)

LoTSS

________
-

Turnover/inverted at
low frequencies
indicating absorption

log (Flux) [arbitrary units]

Typical synchrotron power law:
Sy, x v% a=-0.7

Energy losses >\ o

7

at high
frequencies

\
\

\
\
\
\

144

1400

Observed Frequency (MHz)
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Previous work: biggest differences
among compact & faint radio
morphologies

morphology classification usually in
one frequency only (eg. Klindt+19,
Rosario+20)

radio sources can look very different
at different

frequencies/resolutions/sensitivities

* Extended low frequency emission —

\ previous episode of activity?

Radio spectral slopes — probe
underlying radio emission mechanism

5/10



Red quasars more likely to remain compact at all frequencies

* Visually inspected radio images of all sources > 3 mJy (632 red quasars, 1426
blue/control quasars) in each radio survey
* Simple classification (each survey):

compact not compact

FIRST compact quasars

I3
/ N\
»
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Red quasars detected 2-3x as
often as blue

97% remain compact in VLASS
(8GHz; < 8-20kpc)

+ LoTSS compact
= ftruly compact”

+ LoTSS not compact
= “fake compact”




Red quasars more likely to remain compact at all frequencies

* Visually inspected radio images of all sources > 3 mJy (632 red quasars, 1426
blue/control quasars) in each radio survey
* Simple classification (each survey):

compact  notcompact FIRST compact quasars

Red quasars detected 2-3x as
often as blue

97% remain compact in VLASS
(8GHz; < 8-20kpc)

/ N\

— 0
+ LoTSS compact PR oL ERRST + LoTSS not compact
= “truly compact” e = “fake compact”
ruly P quasars P

= 13% of FIRST
compact blue
quasars
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Red quasars more likely to remain compact at all frequencies

* Visually inspected radio images of all sources > 3 mJy (632 red quasars, 1426
blue/control quasars) in each radio survey
* Simple classification (each survey):

compact not compact

FIRST compact quasars

Red quasars detected 2-3x as
often as blue

97% remain compact in VLASS
(8GHz; < 8-20kpc)

/ \

— 0

+ LoTSS compact 83% of FIRST + LoTSS not compact

= ttruly compact” R = fake compact”

— “truly comp quasars P
= 13% of EﬁRST red and blue quasars
compact blue detected at similar rates
quasars
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Steep radio spectral slopes 1n truly compact red quasars

1.4 GHz - 3 GHz spectral slope of truly

0.0061

compact vs.fake compact quasars

red quasar + truly compact .
0.005
¢ |

+ o
g 0.004 -
= Z
] I

—
3 I
all other classifications: consistent distributions 0.003 I
3 .
g I
L 0.002F

0.001F

0.000

-3 ) -1 0 1 2
FIRST-VLASS spectral slope
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Steep radio spectral slopes 1n truly compact red quasars

1.4 GHz - 3 GHz spectral slope of truly

compact vs.fake compact quasars 0.0067 )
red quasar + truly compact [ .
0.005T .
. | .
+ v
§ 0.004 -
E ~ typical B
. . - 3 - synchrotron
all other classifications: consistent distributions w_ slope ~-0.7 | J= —046
» fake compact red quasars have similar spectral '2 |
slopes to typical (FIRST compact) blue quasars 4 00027
unu1}
0.000™7=3 e 2

FIRST-VLASS spectral slope
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Steep radio spectral slopes 1n truly compact red quasars

1.4 GHz - 3 GHz spectral slope of truly

0.0061

compact vs.fake compact quasars _ = ]—U.E}S I
i oc=0.18 !
I
red quasar + truly compact [ i population of
0.005T : sources with i
+ —= i | |/ steep slopes
I A
§ 0.004 ‘Jﬂ ,’ﬁ -
— . I
@ typlcal i 'i k p=—046
3 . synchrotron x 6=0.68
. po . . . . . . o, L I -
all other classifications: consistent distributions w_ slope ~-0.7 j - u= 046
= I I : l, ag=1_.
» fake compact red quasars have similar spectral '2 . 1A
slopes to typical (FIRST compact) blue quasars 1 00027 i \
i l. ".‘
Truly compact red quasars contain a : _. \
population of steep slope sources that 0.001F \
drive the excess radio detection rates /
0.000==3==== 10 L 2

 makes up ~ 30% of all truly compact red quasars
* are preferentially radio quiet/radio intermediate

FIRST-VLASS spectral slope
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Radio-dust connection for truly compact quasars only

» Fawcett+25: weak but significant trend of steepening radio spectral slope with E(B-V)
* We can now split this into truly vs fake compact quasars:
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Spectral slope steepens with E(B-V) for

truly compact quasars only

Radio-detection rate also connected to
E(B-V) for truly compact quasars only
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Radio-dust connection for truly compact quasars only

» Fawcett+25: weak but significant trend of steepening radio spectral slope with E(B-V)
* We can now split this into truly vs fake compact quasars:
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Radio-dust connection for truly compact quasars only

0.0p—

S

FIRST-VLASS spectral slope
=

[
(%)

Fawcett+25: weak but significant trend of steepening radio spectral slope with E(B-V)
We can now split this into truly vs fake compact quasars:

&
I
r—————

H.fu:

~1.0F

Non-thermal emission from electrons accelerated by
an AGN wind shock (Nims+15):
Ly
vL, ~ 10_5 s L — - 2 cool /-
M §-2 LaoN ({].[}5 LAGN) (v 2 Veool)
s . P ; vL,~constant > L, x v!ie.a = -1
M= — I_ (f
i * An increasing fraction of shock-dominated systems toward higher
" level of dust extinction?
Spec  Can’t rule out other mechanisms such as low-powered/compact
truly1 jets
* Future work: look for signatures of outflows/winds in steep-slope
Radi sources
E(B-
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The future with SKAO

* SKA - southern sky:

* will overlap 4MOST IR AGN survey —
extend work to more obscured
systems

 ultimately (with SKA1l-mid) will
cover greater range of frequency-
fill gaps in radio SED

I 2

SKA

* further constrain origin of the 9
compact radio emission Image credit:
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Summary

. . 00—
e There is a connection between dust o |
and radio spectral slopes/detection S 02t
rates in quasars =
o —04r
e The radio-dust connection in red 2. .
quasars is mostly driven by systems % 06r 4 ?
with unresolved radio emission in N g 4
both FIRST (1.4 GHz) and LoTSS (144 L
MHZ) é L0 [ a=— | [::.hl'n_'k:-;’:! +
=
(1] 33 [
. Thesg truly compact red quasars B (T % S 1IN % SN ¥ SN &
contain a population of sources with Estimated E(B — V) (mags)
steep radio spectral slopes of a~-1 00<EBE-V)<0. 01 <EB-V)<02 02<EB-1) <03 03<EB-1)<05
..... B-VOL 0 OlsEE-p2 o 02<RB-VS03 o O3SEB-N0S
( +0.02] L o= —0.88+0.05] L p=-=091+002] L Poou=-0.99+001]

Or

n=117

(21%)

n=47

(33%)

e Thisis consistent with the prediction ;
from AGN-wind shocks in the

8r

Nims+15 model
e Consistent with a “dusty blow-out” oz
phase? 00 .

Q1400 — 3000 @1400 — 3000 Q1400 — 3000 1400 — 3000
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Backup slides
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g - i colour
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SDSS optically selected red
and blue/control quasars (0.2
< z< 2.4) from Fawcett+2022:

top 10% g*-i*

50% around median
g*-i*



Radio loudness

® FIRST compact & LoTSS compact
FIRST compact & LoTSS not compact ]
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Radio-dust connection for truly compact quasars only

* Fawcett+23: radio-detection fraction increases with E(B-V)
» Fawcett+25: weak but significant trend of steepening radio spectral slope with E(B-V)
* We can now split this into truly vs fake compact quasars:
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What is the physical meaning for this correlation?
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Differences in the central engines? Preliminary

* Eddington ratios - previous work finds 1.0 '
mixed results for red quasars: 050
« no difference in L/Ledd (Calistro :
Rivera+2021), — 0.0F
» red quasars slightly lower L/Ledd % :
(Fawcett+2022), ~ —0.5¢
- higher I/Ledd (Urrutia+2012) = o
: L. an Y}
* Rakshit+2020 BH mass and luminosity < :
values — corrected for E(B-V) —L5¢p
* no strong difference in L/Ledd ok
« BH mass distributions different s i

T 8§ 9 10 11

log (Mu/Mo)
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Differences in the central engines? Preliminary

* Eddington ratios - previous work finds

mixed results for red quasars:

* no difference in L/Ledd (Calistro

Rivera+2021),

* red quasars slightly lower L/Ledd

(Fawcett+2022),
* higher I/Ledd (Urrutia+2012)

* Rakshit+2020 BH mass and luminosity

values — corrected for E(B-V)
* no strong difference in L/Ledd
 BH mass distributions different

IOg (L/ LEdd)

* Steep truly compact red quasars: less
massive BHs and higher Eddington

ratios?

Ciera Sargent (ciera.l.sargent@durham.ac.uk)
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Wind efficiencies
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Non-thermal emission from electrons accelerated

Evidence for shocks?

by an AGN wind shock (Nims+15):

v 2 107 &3 Lon (

Lkin
0.05 Lagn

vL,~ constant - L, x v'lie.a = -1

) (1-‘ EZ umu])-

Synchrotron flux

F T T T
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28.3

B ——

27.8
f1d427.3
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* An increasing fraction of shock-dominated
systems toward higher E(B-V)?
A wind driven shock can’t explain all cases
(mostly the radio-loud)

00<E(B V)<0.1
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o e
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Jet vs. wind simulations (Meenakshi+24):

Meenakshi+ (in prep.):

* Integrated spectral
slope (1.4-3 GHz) steep
(a =-0.9 to -1) for low-
density winds

* jets produce expected
a=<-0.7

28.8

N
@
w

logl,[ergs~1Hz 1kpc~2sr-1]

03<E{B V)<0.5

Q1400 — 3000
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An intrinsically different injection
index?

Analogous to USS sources?

denser ambient medium at
higher z alters electron
injection index at shock to be
steeper (eg. Athreya & Kapahi
1998)



What about star-formation?

Y% AGN-dominated C3GHz QSOs SF-dominated C3GHz QSOs e Fawcett+20
: ' ' ' '  no differences in SF
properties of red and blue
6k SF-dominated radio quasars (Calistro
Rivera+21)
3 « Yue+24:radio excess in red
S;% 5T T quasars due to AGN-
3 g processes
* %
~ 4F : I -
E A
o | : |1
3L I I * x ]
R: 53
é I
L Radio quiet : Radio loud *

-6.0 -55 -50 —-45 -40 -35 -3.0 -25 =20
Radio-loudness parameter (R)

Ciera Sargent (ciera.l.sargent@durham.ac.uk) NAM - SKAQO, 9 July



Radio-loudness
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defined here as

1 R =1og(L1.4GHz/L6)



MIR excess Preliminary
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alpha

vs flux

FIRST-VLASS:
Red quasars median slope = —0.75 £ 0.02
Blue quasars median slope = —0.48 £+ 0.02
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L/Ledd - MBH plane
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CIV blueshifts and EW (v. preliminary)

parent: radio detected:
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visual inspection

FIRST

LoTSS VLASS

#1707
Maj = 5.6"

FIRST-classifier = C (compact)
P = 0.999992

120335.39+451049.5

FIRST LoTSS VLASS

#1646
Maj = 5.5"

FIRST-classifier = C (compact)
P = 0.999693

Maj = 24.0"

104531.78+325807.0
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FIRST-VLASS spectral slope
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