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¢ Unveiling Black Holes’ growth
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@’ AGN and cosmology: early
developments
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LETTERS TO THE EDITOR

ASTRONOMY

Evidence on the Evolutionary Character of the
Universe derived from Recent Red-shift
Measurements

Hoyle and Burbidge® have recently examined the red-
shifts of a number of quasi-stellar radio sources®® and
have plottcd their radio flux densities () against red-shift
(z); they conclude that the results are inconsistent with
# cosmological intorpretation of these red-shifts.

This eommunication shows that this conclusion is not
valid and that indeed the observed relationship betwoen
S and z provides valuable new information on the evolu-
tionary nature of the Universe.
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Fig. 1. The red-shift flux density plots expected in ¢volutionary cos-
mologies in which density evolution (dashed lines) and luminosity evo-
lution (full lines) are included. The distribulion of observational points
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A shift of paradigm
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BH/Galaxy Scaling relations discovered in 2000 (HST)

No direct causal connection: hint of a past co-evolution
Gebhardt et al. 2000; Ferrarese et al. 2000; Greene et al. 2005
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& The theoretical necessity of AGN

feedback: a history of failures

. Maintain the observed close connection

between the growth of SMBH and the
growth of galaxies

Ensure a tight relation between black hole
mass and galaxy mass/velocity dispersion

Help establishing the color-bimodality of
galaxies

Prevent too massive galaxies from forming

Solve the cooling flow problem in clusters
of galaxies
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Part Il

Exploiting multi-wavelength surveys to
unveil the history of accretion onto
supermassive black holes



& SMBH census is a matter of
contamination
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e AGN dominate XRB, but contribute only to ~10% of IRB
e XRB itself is dominated by obscured (and heavily obscured) AGN
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C AGN selection basics: contrasts

Assume: (1) My, /M.=A, ; (2) logSFR = o(z)(logM,, —10.5)+[(2)

(BH-galaxy scaling relation) (““Main sequence” of star formation)
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" AGN selection basics: contrasts
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e X-ray luminosity function

[T

10-2 Ry TN i e \\ ) Ay )
00<z<02 \“‘“02<z<04 \\\“ 04<z<06 \h“06<z<08
104%1“ 1 \ *‘,1 1 \*““ 1 \ N J
\ TN \ Vo \ \
\ \ \ \
\ <+ -+ -+

108t

h + Hard X-ray \ 1 | \ 1 | 1 | \
10k - : :\: At :\: At ;\: P

102~ T T ]
N\, 08<z<10 \\ 10<z<1.2 Q 12<z<15 \\ 15<2<2.0
\? N '\:~ -

-4 h“ | \\§ e 1 - 1 R
10 \ .\! ™ \ \ \ *“\\
\ \ \ AN Voo
10°} \ T \ 1 \ T \ \
\ \ | \
1 | 1 | 1 |
| \ \ | |
1072k L Sy : | : N : | : N : |

10° '\\ 20<z<25 | \\ 25<z<35 | \\ 35<z<50 | \\ 50<2<7.0 |
: :\\\._. X 8 1 1
10 \ --h_ .A“‘ \A\V‘- *‘“h \ \

d®/dlog Lx

—_
=
©

\ \ ¢\ \'\‘-N
108} \ T \ 1 \ 1} ..\-\
\ \ | ‘ \
108} | + | + | 4 |
— - Gal LF | \ \
—— AGN LF
10 - - AGN—Ga.I LF \ ‘ \
10 | A AV ‘ A AW ‘ L N W |

40 42 44 46 40 42 44 46 40 42 44 46 40 42 44 46
log Ly [erg s7!]

Aird et al 2015; Buchner et al. 2015; Ueda et al. 2014; Miyaji et al. 2015

Merloni, EWASS 2018, SS11, 4/2018



MPEj

& BH accretion vs. Star Formation
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Radio surveys and the global history of
AGN (kinetic) feedback
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The sub-mJy population
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Low-power AGN: jet-disc connection

X-ray with radio contours M87

1 arcmin ~ 4 kpc
1 aremin - 21.4 kpe, i

X-ray Radio Optical : : X-ray Radio Optical

Merloniz EWASS 2018, SS11, 4/2018
Churazov,?—sazglan, orman
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& PdV work vs. cooling luminosity
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&’ What is the right proxy for Jet
power?

* Measuring PdV work done by the jets in carving
the bubbles in the Intra-Cluster Medium is very
hard (need lots of X-ray photons)

* It would be nice to have a cheaper way to

estimate kinetic jet powers: can radio
luminosity help?



@ Extended Radio/ L., relation
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A “fundamental plane” of active BHs [Merloni+ 2003; Falcke+ 2004]
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Low-Power AGN are jet dominated
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Accretion dlagram for LMXB & AGN
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Radio Loud
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Radio Quiet
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LIL_ 5001
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Edd

>0.01
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Jet mode

Radiative mode

Low—excitation radio source

* Very massive early—type galaxy
* Very massive black hole

* Old stellar population; little SF
* Moderate radio luminosity

* FR1 or FR2 radio morphology

* Weak (or absent) narrow, low
ionisation emission lines

AGN LINER

* Massive early—type galaxy

* Massive black hole

* Old stellar population; little SF
* Weak, small-scale radio jets

* Moderate strength, low—ionisation
narrow emission lines

High-excitation radio source

I

I

I

I

* Massive early—type galaxy :
* Massive black hole [
I

* Old stellar population with some
on—going star formation |

* High radio luminosity :
I

I

I

* Mostly FR2 morphology

Type 2 QSO / Seyfert 2

* Moderately massive early—type disk :

galaxy with pseudo—bulge :
* Moderate mass black hole !
* Significant central star—formation :
* Weak or no radio jets :
* Strong high—ionisation narrow lines :
I

* QSOs more luminous than Seyferts

* Direct AGN light
* Broad permitted emission lines

* Sometimes, beamed radio emission

* Direct AGN light
* Broad permitted emission lines

* Bias towards face—on orientation

Radio-loud QSO

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

Radio Quiet QSO / Seyfert 1

Host galaxy properties like Type-2
QSO and Seyfert 2, respectively, but
with addition of:

> <

>

Light dominated by host galaxy

Merloni, EWASS 2018, SS11, 4/2018

Direct AGN light
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(&’ SMBH growth:
weighting modes
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“IV: The key role of VLBI

* Deep VLBI -> Jet physics (acceleration,
collimation, energetics, Lorentz factors

distribution)

« Wide VLBI-> unambiguous identification
of jetted AGN in sub-mJy population



ECLINATION (J2000)
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& Wide Field VLBI
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V.

Conclusions

Deep radio surveys provide a key complement
to X-ray (and optical/IR) surveys to probe the
history of SMBH growth

High resolution (~mas) radio images are
probably the least confused AGN tracer, down
to extremely small Eddington rates

Too many uncertainties in jet physics/
acceleration prevent a robust assessment of
overall energetics

High-sensitivity, wide field VLBI shall become a
key component of AGN surveys, as we probe
deep into the high redshift Io\ls)ulations. and we
seek clues to understand AE -galaxy
coevolution



