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“..attempt to place the GPS and CSS sources in a larger context...”

Radio-source
populations

GPS/CSS radio
sources

“Descriptive names” Physical properties

* GPS * Stellar/BH mass

* CSS Cold gas/ _ * Accretion rate

. Syl Hl absorption

e Sy2 * Radio luminosity

e NLSyl * Radio source size/age
« BAL QSO Geometry/orientation
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éi - What i.'-*i..f.él'k e 50% .

 Mainly local (z < 0.2) radio-source populations

* New era of sensitive multi-frequency radio surveys, and
their impact.

* Some useful diagnostic plots for characterizing physical
properties of large samples

e How do GPS/CSS sources relate to the overall radio AGN
population? Are there low-luminosity GPS sources?

e Radio sources in clusters

* Open questions and next steps.
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'/\' EAASTH[] Two dlstmct kmds of radlo AGN

High—excitation/”Radiative mode”

Radiative—mode AGN

Low-excitation/”Jet mode”

Jet—-mode AGN

Classical
accretion
disk
Strong
emission
lines, high-
excitation
optical
spectrum
Central

dusty torus
Unified

Radio

et Type 1
o

Narrow line
region o

o Dominant
© Radio Jet ©

(e]

o
o

o
Black hole

Dust?|

Advection—dominated|
inner accretion flow

(¢]

Weak narrow o
line region o
o

o
o

models
apply

27-29 May 2015

(Heckman & Best 2014)

E. Sadler, Rimini GPS/CSS workshop

Inefficient
accretion
Weak or
no optical
emission
lines

No central
dusty
torus

Jet can
regulate/
inhibit SF
in host
galaxy
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* FR1 or FR2 radio morphology

[ ]
sources ﬁt * Weak (or absent) narrow, low * Mostly FR2 morphology

Sometimes, beamed radio emissio;

L/L_ <0.01 L/ >0.01
- Edd - Edd ~ -
(Mainly from
. Jet mode Radiative mode
1.4 GHzradio | UL ...
|
surveys at z~0) Type 2 . Typel
A '
Low-excitation radio source High—excitation radio source : Radio-loud QSO
* Very massive early—type galaxy * Massive early—type galaxy : Host galaxy properties like high—
W h e re d o ’S * Very massive black hole * Massive black hole 1 eXCl.t a}tlon radio source, but with
> ; addition of:
'j * Old stellar population; little SF * Old stellar population with some | * Direct AGN light
° o0 . irec ig
G PS / CSS "g * Moderate radio luminosity on-going star formation : . . .
& * Hish radi inosit : Broad permitted emission lines
|
|
|

v ionisation emission lines * Strong high—ionisation narrow lines
. ? __________________________________ Fmm e e m e e e m m e — -
A
I n ¢ AGN LINER Type 2 QSO / Seyfert 2 : Radio Quiet QSO / Seyfert 1
- * Massive early—type galaxy * Moderately massive early—type dlsk ' Host galaxy properties like Type—2
,g * Massive black hole galaxy with pseudo—bulge | ‘%Stg :;(;lit?:gf;{t 2, respectively, but
o " . . * Moderate mass black hole ! :
o Old stellar population; little SF | % Direct AGN light
= 7 _ . * Significant central star—formation |
é Weak, small-scale radio jets i I * Broad permitted emission lines
= M — * Weak or no radio jets
oderate strength, low—ionisation 1 £ T . .
narrow emission lines * Strong high—ionisation narrow lines : Bias towards face—on orientation
v * QSOs more luminous than Seyferts 1
< ~ < ~
Light dominated by host galaxy Direct AGN light
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At 1.4 GHz, local (z <0.2)
radio LFs for AGN and
star-forming galaxies can
now be measured over
factors of >10° in radio
power

Radio LF for local AGN is
broad, but shows no
evidence for bimodality
(though AGN/SF can be
hard to separate below
1023 W/Hz)

(Mauch & Sadler 2007)
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JCANSTH)  Local radio AGN at 1.4 GHz

* Excess of compact,
low-luminosity
sources compared
to extended
sources.

e Suggests that not all
compact sources will

VA A AR evolve into large-scale

10° 10’ 102 108 FR1/ER2 radi

Size (kpc) / radio
galaxies?

Luminosity (W/Hz)

1 10%W

3 x 1034 W1

[data points: Shabala et al. 2008,
model tracks: Turner & Shabala 2015]
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Radio: SED peak at 1.4 GHz VLBI double (42 mas separation)
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(Reynolds 1994)
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Optical: z=0.181 AGN (sy2) Host galaxy: Dust-lane elliptical?
T T T T T T IO”
—
o PKS 1934-63 N
2=0.183 S —————S
18 E ;f‘;:‘ ‘?fzf’?“ ks ‘(:.Zi‘? T
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(Fosbury+ 1987) (Penston & Fosbury 1978)
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WMAP
I
1934-638
rrrrrrrrr (MHz)
0 0
‘requency (GHz) (Sadler et al. 2008)

Detection limits of some large-area (>10,000 deg?) radio surveys

Now/near future: More sensitive surveys over larger frequency
range (LOFAR, MWA, ASKAP, VLASS,...
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WS The AT20G survey

2004-2008: Wide-band analogue correlator on ATCA, 2.4
arcmin FoV, fast scanning at 15 deg/min, 54ms sampling.

40 detections imaged at 5, 8 and 20 GHz with full ATCA

Public data releases:

* Bright Source Sample (Massardi et al. 2008)

Bl 5<100 mly

o = oo * Main AT20G catalogue (Murphy et al. 2010)

 Optical IDs and redshifts for AT20G sources (Mahony
et al. 2011)

* 20 GHz scanning survey catalogue (Hancock 2012)

06h 18h

* AT20G High-resolution catalogue (Chhetri et al. 2013)

+ some smaller follow-up data sets (deep 20 GHz, 95
GHz, HI absorption,...)

12h

-90 70 50 30 15 o
Declination
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(WS Why a 20-GHz survey?
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RADIO SURVEYS AND GPS SOURCES

a0 New parameter
10000 |- a .
: 1 space:
%” a ¢ ]  Selection at 20 GHz (with
E near-simultaneous data at
@ 1000F 5, 8 GHz) should allow us
A : to identify faint, nearby
E o sources with spectral
. ¢ peaks well above 1 GHz.
é 100 F :
5 |
j/\ AT20G
10000 A L A L
0.1 1.0 10.0
FREQUENCY (GHz
(Snellen et al. 1998) NVSS/SUMSS
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Upturn above 5 GHz Inverted (rising)

3 o1l v *
w F ]
0.01 § .
ERET T
............................... V(GHZ) GPS SourceS?
............................ 0054-3418 Blazars?
.......................... 1 gl T
?;: 0.1 ¥
Steep (falling) Spectral peak (GPS) (%] ) ¥
o a ¢ 0.01 3
’ l1 ““110 . 1I00
AT20G, radio two-colour diagram: 65% QSOs & v (G
(0) 1 (0) 1
BL Lacs, 25% galaxies, 10% faint/blank. (Murphy et al. 2010; Mahony et al. 2011)
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EAASTH[] Inverted spectrum sourees
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Bonaldi et al. (2013): Multifrequency

U monitoring of AT20G ‘inverted spectrum’
sf : sources above 200 mly at 20 GHz
1.0F (\ Most sources in this quadrant
s i o _ are flaring blazars, but some are
So 05k . D @ ....... § _\ ] .
S ; O 408l ; genuine (non-varying) peaked
- : °5§ %fé?o ¢ I sources with a spectra peak
O F A T -
[ " S0 1 ] above 20 GHz. S/
_05 _ ................. <> ............ _ /
~-10 I | | o .: 10.0F 3045376-394905 J081240-475153 J183923-345348

-1.0-0.5 00 05 1.0 1.5 20 -

v % ¢ \
The HFP sources studied by Bonaldi et al. 0.1 L Lo R g e
(2013) show a decrease of the peak frequency 0 20 o 20 0 20

Frequency [GHz]

with time at a mean rate of -3 + 2 GHz/year
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é EAASTH[] ATZOG candldate GPS sources

FG‘!»‘A L SkYAisOPNYSICS

O’Dea (1998) AT20G Sample
Typical Peak Freq 1 GHz 8-15 GHz
Number of sources 31 688
Galaxy/QSO fraction 50% / 50% 23% 1 T7%
Median z 0.5/1.6 0.2/1.2
Median Log(Ps) 27 | 28 W/Hz 25 /27 W/Hz

Paul Hancock (2009 PhD thesis): Complete sample of 688 candidate GPS
sources from AT20G with spectral peaks above 5GHz. Majority are
QSOs/blazars, but also a population of >100 candidate GPS galaxies.

VLBI data for a subset (Hancock 2010) imply source sizes typically < 100
pc at 5 GHz.
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Declination (J2000)
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CTIEASTRD A recently restarted radio galaxy?

J074()1_8—570258

) ___,-’\ | . = J.-_;”_» ) | . J | 2P
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05| \_/,/ S /
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7h46m40° 46™30° 46™20° 46™10° 46™00* 457

Right Ascension (J2000)

AT20G J074618-570258: z=0.13, passive early-type galaxy. FRI Giant radio
galaxy at 843 MHz (Saripalli et al. 2005), extreme GPS source with peak

above 20 GHz (Hancock et al. 2009)
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éB-EAASTHU’ A logal radio- galaxy sample -
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By observing a 20 GHz-selected sample:

- Work at a frequency where AGN emission dominates

» Aim to detect the youngest and most powerful local radio galaxies

* Local benchmark for high-redshift radio surveys: e.qg. at z ~3, observed
frequencies of 1.4 and 5 GHz correspond to rest-frame 6 and 20 GHz

How do local GPS/CSS sources relate to the wider AGN population?

.
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OO The 6dF Galaxy Survey

(Jones et al. 2004, 2009)
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Redshifts and spectra for a K-band selected sample (K < 12.75 mag)
of 150,000 galaxies (plus additional targets) over the whole
southern sky.

Median redshift z ~ 0.05, allows us to study local radio-source
populations within the context of their host population
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CASTRD 2 ATZOG-GdFGS galaxy' Sample
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Radio: 20 GHz flux density above 40 mJy from
AT20G catalogue (Murphy et al. 2010)

Optical/IR: In 6dFGS main galaxy sample
(Jones et al. 2009),K <12.75 mag.

T e Final ‘AT20G Local’ sample:
641 00040—31398 2002,/04/08 z= 0.00865 qual= 4 .
S — » 202 galaxies (201 AGN)
ER ‘ i ] * Median redshift z=0.058

1.5x10%  2x10*

* Optical spectra (LERG/HERG)
* Radio spectral index measurements
(1-20 GHz)

Coul
ot

500C
T

0

4500 5000 5500 S000 6500 7000 7500 8000 8500

Wavslength () (Sadler et al. 2014)
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| EAASTH[] Source siieé at 20 GHZ
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1.2
Ratio of 20 GHz - : 1
visibilities on long . Y ....;:." . ]
and short baselines : e = ‘3...-",.-:;'_-.;.:’-. e
(Chhetri et al. 2013) v RN L P
Spurce o6 o B8 )
SlZze “:“ I ® o o |
é 0.4 | ® @;-.' |
v - ) o 1
0.2 . ®
- Steep ] Flat |
0 ‘ ‘ |
—2 —1 0 1
1-20 GHz spectral lindex «

At 20 GHz, almost 50% of the sources are very compact (<0.2 arcsec in size,
i.e. smaller than 500pc at z~0.05) and have ‘flat’ radio spectra
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é CANSTRD Radip" Sirdeitbe ot 160z

16/201 (8%) have FR-2 morphology at 1 GHz.

g(l)'-/{-Z Most of these objects are also double or triple
° sources at 20 GHz.
FR-1 49/201 (24%) have FR-1 morphology at 1 GHz.
24% Most of these are also extended sources at
20GHz.
FR-0 Most (136/201, 68%) are unresolved at 1 GHz
680} (source size < 20 arcsec, < 15 kpc at z~0.05)
(¢}

Estimate that 6 to 30% of these ‘FROs’ are beamed sources, most are NOT beamed

Ghisellini 2011: “The FR 0’ radio ellipticals are a new population of
radio sources (Baldi et al. 2009) having the same core radio luminosity
of FR Is, but hundreds of times less power in the extended emission.”
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» Radio luminosity
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Log (Absolute 1400 MHz Radio Luminosity)
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Two useful plots

1. The “Ledlow-Owen diagram” (Ledlow & owen 1996)

= PR PR T SR [ S T e VS G o T TR R o S 0 TN TR
E_ 2 2 j
E 2 1
- % 5 2 12 j
= =k
- 2 272 S é '
[ 2 2 2] ]
B 2 22 2 22 22 4 ~
B }1 gl
. 1 —_—
o i 1 1
L 1 1 1 _
L 1 " 2
N 194 ]
E 1 1 “
H - 1 11 1 \1 1 1 1 1 i
L1 1 1 1 1
1 T ¥ o4 3 j

- 11 11 1
- . . 1

) S [ (Y "Bl N (O YO I I | O AR Y T e 2=

-21 -22 -23 -24 -25
Mags

Nearby cluster galaxies at
1.4 GHz

Distinct FR1-FR2 break,
which shifts with galaxy
stellar mass

But is it real?? A range of
selection effects at play in
both this and subsequent

studies (e.g. Best et al. 2008;
Gendre et al. 2013)

® Galaxy stellar mass
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I EAASTH[] Ledlow O-\./ven. plot ét 20 .GHz
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- - All data points come from
10% < the same radio survey
- "1 AND the same optical
i o K i © sample: L-O relation does
10" ¢ L '_;i"x - appear to hold!
T FR e |
S 0% L LTSS 20 GHz luminosity
% § ) '%ﬁ%ﬁﬁ;ﬁ 'k:l_ x - essentially measures the
I ¥ 4 BT, ] core power. Note that the
107 ¢ < "t - large number of FRO
- FRRL e T © galaxies overlap in radio
10% X x XX - YERO | - power with the FR1/FR2
- . systems.
23 24 25 26 27 28
M, (mag)
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JUT Two useful plots
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4 ——r—r———— _
AGN - [ AGN I|ght . 7 e Uses three of the four mid-IR
accretion i -  damindtes |0 bands from the all-sky WISE
rate b S Seommes: e e SO survey (3.4, 4.6 and 12
A | = 0 microns).

2 _ .......... E.U.LlR(is/J.JNEfRs ....... ........ ﬁ e (Can reveal obscured AGN,

§Obscgredm§m distinguish HERG and LERG

and give some information
on the host galaxy. Diagram
was originally empirical, but
an increasing range of model
tracks now being developed.

[3.4] - [4.6] in mag

0 2 4 6
[4.6] — [12] in mag Star-formation rate
>
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Optical spectroscopic classification (HERG/LERG/QSO)

WISE [3.4] — [4.6] (mag)

EAASTH[] The WISE 2c01 plot at 20 GHz (1)

7 AHU CENIRE Uk EXCELLENCE o

1.5

0.5

27-29 May 2015

FOR ALL SRYASTROPNYSICS

B ‘WISE Early—type’ ‘WISE Late—type’
B : QSO /Seyferts |
o 3
° |
i Blazar line \ S 3
f(Massaro+O9 / y
: % /&2 O ®
L / * [
| //. [ ]
./
[ T K B — ]
: o
— Elliptical | Spiral ¢
L o© [ ] [
.. © o $ o
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1 o O ©00g . ee
R YA
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WISE [4.6] — [12] (mag)

E. Sadler, Rimini GPS/CSS workshop

Good agreement
between spectroscopic
and WISE classifications
of HERGs and LERGs

Objects with Syl spectra
all lie close to the ‘blazar
line’

~30% of host galaxies are
spiral/star-forming
(agrees with optical
classification)
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é EAASTH[] The WISE 2co| plot at 20 GHz (2)

FOR ALL SRYASTROPNYSICS

Radio morphology classification (FRO/FR1/FR2)

15 - WISE Barly type  WISE Late type » There is a remarkably clean

I | | | split in the host galaxies of FR1

- " ] and FR2 radio sources. For the
g - ’ S 59 FR1 and FR2 galaxies with
- I x W ] reliable WISE photometry:
=0 x 1 i
L osk """""""""""""""""""" - _ """"""" i * 93% (41/44) of FR-1 hosts
5 [ T U ] are in WISE early-type

- Y —
i om0 (eompne) ] * 93% (14/15) of FR-2 hosts
- | S ] are in WISE late-type
; 5 e galaxies
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-/\"' EAASIH[] GPS sou}ce .PKS 1934 6'3"8
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Flux density (mJy)
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IC 1459: the closest GPS radio galaxy?

VLBI: Tingay & Edwards 2014

= T T 3

L | | J2257-36 at 2.266 GHz 2003 Dec 11

| IC 1459 ] e
1000 _ i ) O

: o j

- 1 s g 10.8 pc

100 |- i )
g IS IS . i
1 10 iR |
Frequency (GHZ) i 20 20 5 20 40 “60

Early-type galaxy at z = 0.006 (d=23 Mpc)
Radio luminosity at 1.4 GHz: 10%23° W/Hz

27-29 May 2015

VLBI morphology is FR1-like,
rather than double

E. Sadler, Rimini GPS/CSS workshop
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~ Low-power GPS sources
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CARSTRO HI absorptlon hne studles
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éﬁ CARSTAD . Compact sources with HI -

/= i absorptlon (GRS/CSS. candldates)
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é EAASIH[] - '. What are the ATZOG FR O

AW CENIKE OF EXCELLENCE ¢ 3t
 .radio galaxies?

» Heterogeneous population in terms of both host-galaxy morphology
(75% in WISE early-type galaxies, 25% in WISE spirals) and optical
spectra (75% LERG, 25% HERG).

 Overall radio properties match those expected for young (CSS/
GPS) radio galaxies (40% GPS, 60% CSS) — if so, this represents the
largest and most complete sample of young radio galaxies in the local
universe.

Open questions:

* Small-scale structure — VLBI observations in progress

* Demographics/modelling — early phase of classical radio
galaxies, or short-lived episodic activity?

» Gas supply and fuelling?
« Effects of environment — are they really young, or are there
faint, extended jets and lobes which we just don’ t see?
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é EAASTH[] Radio co..res.m Io.cal .Bc'G',.c,

AHC CENIRE UF EXCELLENCE o
FOR ALL- kaAblROPNYbICS

Recent work by M. Hogan et al. (2015)

27-29 May 2015

Measured high radio frequency (15 GHz - 353 GHz)
properties and variability of 35 Brightest Cluster Galaxies
(BCGs).

These are the most core-dominated sources drawn from a
parent sample of more than 700 X-ray selected clusters, so
results can be related back to the general population.

At least 6% of the parent cluster sample (and >15% of cool-
core clusters) contain a radio-source at 150 GHz of at least
3mly (=102 W/Hz at the median redshift of z=0.13).

>3.4% of the BCGs (and >8.5% of cool core clusters) in the
parent sample show a GPS component in their spectra that
peaks above 2 GHz
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CAASTRD

AHC CENIRE UF EXCELLENCE o
FOR ALL-SKY ASTROPNYSICS

Flux (mdy)
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EAASTH[] Radlo vérlablllty in BCGS

7 AHU CENIRE Uk EXCELLENCE o
FOR ALL- SAYASIROPNY&ICS

(Hogan et al. 2015)
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EAASTH[] GPS sources as Waves of achwty

7 AHU CENIRE Uk EXCELLENCE o
FOR ALL- SAYASIROPNY&ICS

Alastair Edge:

“I am keen to confront the "GPS sources are young/restarted" view with the
argument that the GPS phenomenon should be viewed as waves of AGN
activity "lapping the shores of Rimini" - we just spot them as they crest and
break.

The waves come regularly not individually so seeing a strong GPS can't be
used to argue that a source is "young" as we can’t know how many waves
have come before it from the presence of a GPS component alone.
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Next steps: radio-source
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(J. Ching, 2014 PhD thesis) 1.4 GHz 10,000+ radio AGN with optical spectra
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@EAASIHU . Summary
[ D : o 40 FLEL . O N
>, AHC CENIRE UF EXCELLENCE o < Ay S

\ FOR ALL-SKY ASTROPHYSICS » 8 ~ ot VAT T :

e ‘Classical’ GPS and CSS radio sources tend to be
powerful radio sources (P > 102> W/Hz) with
compact double morphology.

* |s this largely a selection effect? | think so!

* We can now start to find lower-power CSS/GPS
candidates, including (i) objects with FR1-like
morphology on parsec scales and (ii) high-
frequency GPS-like peaked components
embedded within low-frequency extended
emission (especially in cluster galaxies).

e Future wide-band surveys to mly flux levels
should tell us much more!

 Need WIDE coverage (100 MHz to 100 GHz!).
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