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‘ The VLA-COSMOS 3 GHz Large Project

(press release yesterday in A&A special issue)

http://cosmos.astro.caltech.edu/news/52
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i galaxies out to z~5 (arXiv:1703.09723)
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Radio (bright) AGN are special

L , > 10** W/Hz

Goulding et al. (2014)

2.0

1.5

1.0

0.0

20r

15

fify = g

1.0

Redder

0.5

0.0

2.0

Hickox et al. (2009)

1.5

1.0

05 T . p < ] =S %
SDSS (0.05<z<0.2) Bootes (0.2<z<0.7) " DEEP2 (0.7<z<1.4)

0.0

—-19 -20 —-21 —2e —-19 —-20 -21 —ee -19 —20 =21 ~28

au%<—5logh
-

More massive




Going deeper and back in time:
The 3 GHz VLA-COSMOS survey

100003 @ 10,830 radio sources selected at
: 1 3 GHz (10 cm) down to an
unprecedented sensitivity over 2.6
o, TR3E T deg® of the COSMOS field (Smolic et
QE? al. 2017a)
3 100k | @ ~90% have optical/NIR counterpart
2 s 1 in the COSMOS2015 catalog
“Z;a: [ ”*’-"PHSMVLA_COSMOS_SGHZ - : (Smoléié, Delvecchio et al. 2017b).
i TP Sl - 1@ Accurate redshifts and opt-mm
: rms ~ 2.3 udy/beam photometry (>30 bands) from the
ol w1 COSMOS2015 catalogue (Laigle et al.,
0.01 1.00 100.00  10000.00 2016)
orec [sades ] FINAL SAMPLE:
erc PI V. Smoléi¢ 7,729
radio sources + multi-\




Hunting for AGN

Radiative mode Jet mode




Hunting for AGN

Moderate-to-high radiative
luminosity AGN (HLAGN) ~ 21%
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1) Lx > 10* erg/s (e.g. Szokoly et al. 2004)

2) Mid-IR colour-colour diagram
(Donley et al. 2012)

3) SED-fitting decomposition
SED3fit (Berta et al. 2013)
http://cosmos.astro.caltech.edu/page/other-tools




( Hunting for AGN

Moderate-to-high radiative Low-to-moderate radiative
luminosity AGN (HLAGN) ~ 21% luminosity AGN (MLAGN) ~ 17%
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SED3fit (B erta et al. 2013) (Delvecchio et al. 2017, see also
http://cosmos.astro.caltech.edu/page/other-tools Del Moro et al. 2013)
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Hunting for AGN

Moderate-to-high radiative Low-to-moderate radiative
luminosity AGN (HLAGN) ~ 21% luminosity AGN (MLAGN) ~ 17%

/1) Lx > 10" erg/s (e.g. Szokoly et al. 2004)

? ?g;j;:fef‘;?gg;;‘;lm diagram Not X-ray/MIR/SED AGN
3) SED-fitting decomposition AND >30 Radio-excess
SED3fit (Berta et al. 2013) (Delvecchio et al. 2017, see also

Del Moro et al. 2013)

(_ http://cosmos.astro.caltech.edu/page/other-tools




The SFR-M* plane of Radio AGN hosts
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HLAGN lie around the main sequence (e.g. Hickox et al. 2009; Bonzini et al. 2013, 2015)
MLAGN reside systematically below the MS (Best & Heckman 2012; Heckman et al. 2014)
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NU V -r galaxy colours
(Delvecchio et al. 2017) I
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HLAGN lie in blue/green galaxies, MLAGN lie in red/green galaxies. I
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Two-fold galaxies <= AGN cfi&mté‘my




Two-fold galaxies «= AGN dichotomy?

Lx / Lradio
radiative-to-mechanical
AGN power

A

HLAGN?

Radiatively -
inefficient - A
MLAGN?
— Radiatively
’ efficient

3

>

Lx / M* ~ Specific BHAR ~ Eddington ratio
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X-ray stacking of HLAGN vs MLAGN

@ X-ray stacking tool CSTACK*
@ Stacking Chandra images of X-ray
undetected sources, binned in class

» 2 >20 detection at almost all redshifts

@ Excess in X-ray emission due to AGN

and redshift
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* http://lambic.astrosen.unam.mx/cstack/ (developed by T. Miyaji)

(Delvecchio et al., in prep.)



http://lambic.astrosen.unam.mx/cstack/

@ X-ray stacking tool CSTACK*
@ Stacking Chandra images of X-ray

X-ray stacking of HLAGN vs MLAGN

undetected sources, binned in class
and redshift
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* http://lambic.astrosen.unam.mx/cstack/ (developed by T. Miyaji)

>20 detection at almost all redshifts
Excess in X-ray emission due to AGN
From Lx(AGN) to Lbol(AGN) (Lusso+2012)
From Lbol(AGN) to Eddington ratio via
M*flV[BH = 500 (Haring & Rix 2004)
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(Delvecchio et al., in prep.)



http://lambic.astrosen.unam.mx/cstack/

Eddington ratio — vs — Lx / Lradio

(Delvecchio et al., in prep.) 7z
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Eddington ratio — vs — Lx / Lradio

(Delvecchio et al., in prep.) 7z
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(Delvecchio et al., in prep.) 7z
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@ The full HLAGN population

displays higher Aepp than MLAGN
(Padovani et al. 2015)

Radio-excess MLAGN display

radiatively-inefficient accretion (Best
& Heckman 2012; Heckman et al. 2014)

At moderate Lx,AoN (from stacking)
we observe:

@ (z<1)
AEDD (HLAGN) > ArEDD (MLAGN)

@ (z>1)
AEDD (HLAGN) ~ AEDD (MLAGN)




Eddington ratio — vs — Lx / Lradio

4.00

@ The full HLAGN population

displays higher Aepp than MLAGN
(Padovani et al. 2015)

@ Radio-excess MLAGN display

radiatively-inefficient accretion (Best
& Heckman 2012; Heckman et al. 2014)

At moderate Lx,AoN (from stacking)
we observe:

@ (z<1)
AEDD (HLAGN) > ArEDD (MLAGN)

@ (z>1)
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Eddington ratio <= galaxy colour

(Delvecchio et al. 2017)
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HLAGN lie in blue/green galaxies, MLAGN lie in red/green galaxies.
Their overlap increases towards higher redshifts (i.e. less red galaxies)
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Eddington ratio <= galaxy colour

(Delvecchio et al. 2017)
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Evolution of the gas fraction and optical colours in galaxies
might be tied to the AGN Eddington ratio: common fuelling?




( Stacking blue vs red AGN hosts

=L S o (Delvecchio et al., in prep.)
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Blue AGN hosts display higher Eddington ratios than red AGN hosts
at all redshifts (e.g. Bernhard et al. 2016; Aird et al. 2017)




Overcoming host-galaxy dilution:
VLBI interferometry

(PI E M1ddleberg)
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Take-home messages

Deepest radio observations in COSMOS reveal
a mixture of two AGN/host populations:
HLAGN (X-ray/MIR/SED) vs MLAGN (radio-excess)

The observed trends with Eddington ratio o R .
might be tied to the evolution o
of the cold gas content (common fuelling?) Sy

Check out our press release on A&A special issue!
http://cosmos.astro.caltech.edu/news/52
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Elusive AGN in the next era:
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The Square Kilometer Array (SKA) |
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(Unprecedented sensitivity at ~mas resolution)
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The Eddington ratio — vs — Lx / Lradio plot

Log(s—BHAR [erg/s/Msun] = Lbol(AGN) / M*

30 31 32 34 36

Offset from
IRRC
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Intrinsic AGN X-ray luminosity 1E
via correction for nuclear —6
obscuration (Xue et al. 2010)

Log(Eddington ratio)

/
@ From Lx(AGN) to Lbol(AGN) via luminosity-dependent

bolometric corrections (Lusso et al. 2012)

@ From Lbol(AGN) to Eddington ratio

by assuming M*/Mbh = 500 (Haring & Rix 2004)
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rStellar massﬁistributions

(Delvecchio et al. 2017) ‘

1ol 00l<z<030  } 030<z<070 I 070<z<1.20

B 1nb | | t | | i

qcb) 1.0 [ 3 T Q

:c_<‘; 0.8 i \ I \§ ‘
= 08} v

S U *

£ 04}

z O°2 — W s

z<1: HLAGN typically hosted in less massive galaxies than MLAGN I
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rStellar mass _(iistribut_ions

(Delvecchio et al. 2017) ‘

z=1.5: similar M* distributions. At z=2 we observe a possible reversal (60)
of the M* behaviour: the most massive galaxies host HLAGN
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Hint of "downsizing"?

180<z<250 The most massive galaxies are
: very gas rich, and trigger ‘
72=2 radiative AGN activity (HLAGN)

Saintonge et al. (2013)
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1.2 s, At later times, AGN activity fades:
10.010.511.011.512.0 massive galaxies host MLAGN.
log M. [Mo] HLAGN in less massive systems




V.
. Going deeper and back in time:

The 3 GHz VLA-COSMOS survey

1000 [T §
: , O S @ 10,830 radio sources selected at
100 N 3 GHz (10 cm) down to an
_ unprecedented sensitivity over 2.6
10 deg”® of the COSMOS field (Smoléié et
i al. 2017a)
7N @ ~90% have optical/NIR counterpart
26 156 in the COSMOS2015 catalog
— 25 f L e dasT (Smolc¢ié, Delvecchio et al. 2017b).
= 2 %4 %o” @ Accurate redshifts and opt-mm
| é | 1%% photometry (>30 bands) from the
a limit Ly, (56) 1224 COSMOS2015 catalogue (Laigle et al.,
21 (le =23 pJy beam™) | 21 2016)
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HLAGN vs MLAGN:

expected cross-contamination
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HLAGN vs MLAGN:
expected cross-contamination
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X-ray stacking of HLAGN vs MLAGN

@ X-ray stacking tool CSTACK*

@ Stacking Chandra images of X-ray
undetected sources, binned in class

and redshift
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* http:/lambic.astrosen.unam.mx/cstack/ (developed by T. Miyaji)
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1. Subtracting SF contribution from radio

<f,,atl.4 GHz>

@ We measure the g-offset of each 000 010 020 030 040 050 0.60 0.70 0.80 0.90

source from the IRRC

@ Monte Carlo: for each source, we

looped over the uncertainty on both
the observd q and the IRRC

@)

1.00



| 1. Subtracting SF contribution from radio
<f,,atl.4 GHz>
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http://lambic.astrosen.unam.mx/cstack/

r
| 1. Subtracting SF contribution from radio
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SED-selected AGN
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