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Overview of talk

e Part 1: Radio-source energetics and feedback

Galaxy formation models & AGN feedback

Energetics of radio sources & the global AGN energy budget
Why radio-loud AGN?

Radio-AGN duty cycle and time-averaged energetics

e Part 2: Radio-source modes, triggering & cosmic evolution

Radio source populations

High vs low excitation sources

A triggering / feedback loop with hot gas
halos

Cosmic evolution of the low-excitation
population




Part 1:
Radio source energetics




"AGN feedback" is currently

postulated to explain many issues in o
galaxy evolution: 0t

e Black-hole - bulge mass relation
e Avoidance of over-production of
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Energetics of radio sources

It is difficult to estimate the total energetics of radio sources
as most of the energy is in mechanical (jet) form rather than
radiative. [Simple arguments suggest Lmech # 100-1000 uL,]

e One estimate uses cavities blown in hot X-ray gas by radio sources,
Ecow = f pV  (Where best estimate is f~4)
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Jets & the cosmic ener'gy budge’r

(Cattaneo & Best 2009)

Convolving these relations with the
radio LF gives the total bolometric
heating rate of AGN in a kinematic

Log(n Mpc®)

mode, as a function of redshift

This can be compared with estimates
of ’rhe r'adla’red AGN bolome’rr'ic
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Radio-AGN & massive galaxies

Radio-jet energetics cosmically unimportant compared to
radiative output, but the energy is all deposited locally.

e Radio-AGN therefore provide the dominant AGN source
for inputting energy locally to a host galaxy
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Use a statistical

study of SDSS galaxies to investigate:
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Mass fraction of radio-loud AGN
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Mass-dependent radio luminosity function

(1

" | —o— 90<logMe) <95 3 Lar'ge size of SDSS

—— 8.5<log(Mg,) < 9.0
—8— 8.0<log(Mg,) <85

A 75<logMg) <80 Sample Of radio-loud
i;:g:::::::j:;ﬁ 3 AGN allows the

1 luminosity function
to be derived as a

function of mass.
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Recurrent radio activity, and energetics
Best et al 2006, MNRAS, 368, L67

Radio sources live for only 107-108 yrs. 3 ': —:—::gm """"""
Nevertheless, the previous results % 1:-0-%”0! . !
suggest that at least 25% of the most g ! & 1
massive galaxies are radio-loud. % o "‘FAST
= Radio sources must be constantly * oo T . 5
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Time-averaged radio AGN heating

Combining the L, ., vs L4 relation with the mass-dependent

radio luminosity function gives the time-averaged heating rate
due to radio sources, as a function of black hole mass:
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Heating versus Cooling

Compare: R A

e Bolometric X-ray
luminosity (rate at which _®
energy is radiated from :
the host haloes)
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Heating versus Cooling

Compare: BT T T T T

S
A

e Bolometric X-ray
luminosity (rate at which
energy is radiated from
the host haloes)
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Interpretation: part 1

 For all ellipticals, the time-averaged heating due to radio
sources balances the radiation losses from the hot gas

* Therefore the radio source may prevent gas cooling, and
control the rate of growth of the galaxies.

= Energetically this can solve pro
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Part 2:
Radio source modes,




Radio source morphologies

Fanaroff & Riley Class 2 (FR2) Fanaroff & Riley Class 1 (FR1)

3C223 - 3C31




High / low excitation sources

Radiatively efficient / inefficient sources
"Quasar-mode" / "Radio-mode" sources

Most (but not all) FR1s, and a proportion of FR2 sources
have very different properties to 'quasar-like’ sources:

e Different emission line
properties:




High / low excitation sources

Radiatively efficient / inefficient sources
"Quasar-mode" / "Radio-mode" sources

Most (but not all) FR1s, and a proportion of FR2 sources
have very different properties to 'quasar-like’ sources:

e Different infrared and X-ray properties
- No evidence in IR for dusty torus
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Low excitation vs FR class?

The high / low excitation state of radio galaxies is a
fundamental property of the active nucleus

e radiatively efficient vs radiatively inefficient
e triggering mechanism?
e accretion rate / mode?
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High vs low-excitation sources

—e— All AGN

—e— High-excitation

e Population switch from low

to high-excitation at 3" - Lomnlton 3
~10%2° W/Hz ; ol
= - E
e But switch not sharp: high- g I _
excitation sources seen 5 :
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~ down to lowest luminosities 2
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BHAR (total)

Cosmic evolution of
the low-excitation
radio population

e/ 11C° (FS+SS )

[Me yr™ Mpc™]

A key observational requirement

is determine the evolution of
radio-AGN feedback (cf. models)

This requires us to determine the
cosmic evolution of the low-
excitation radio source population
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Cosmic evolution of
the low-excitation
radio population
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A key observational requirement

is determine the evolution of | |
radio-AGN feedback (cf. models) log P, (1/br)

This requires us to determine the
cosmic evolution of the low-
excitation radio source population

RLF does evolve positively (albeit
weakly) at low power, but this is a » :
mix of high & low excit. sources B T T

Number density / Mpc™ log,,(L)"

iy
(=]
[
T

iy
(=]
[




The high/low excitation ratio

If there's differential evolution of the high and low radio
source populations, the ratio of high/low excitation sources
should change with redshift.

Using the SDSS sample (with
spectroscopic data) a trend
is seen, but S/N is low
because at high-z a growing

fraction of sources can't be
classified with SDSS data.
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The high/low excitation ratio

If there's differential evolution of the high and low radio
source populations, the ratio of high/low excitation sources
should change with redshift.

Using the SDSS sample (with ~ CENSORS
spectroscopic data) a trend o | Input polyriomial
is seen, but S/N is low S .
because at high-z a growing 5 E <z lmit
. ' 8 K-z redshift
fraction of sources can't be £ specz
=

classified with SDSS data.

Compare with data from our
CENSORS low-luminosity
radio sample (150 sources to 7mJy, with deep spectroscopy)




The high/low excitation ratio

Clear increase in the high-
excitation fraction at low
luminosity, from 10-20% at
z=0 to 40-50% at
z~0.5-1.0.

(Weak) evolution of faint
low-luminosity end of the
RLF directly
translate to evolution of o - 4 redshift
“radio-mode"” feedback.
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We are working to use CENSORS and complementary surveys
to measure the evolution of the RLF of low excitation sources
(= "radiatively inefficient mode" feedback). Results soon...



Evolution of the mass fraction

Look at how the fraction of
galaxies hosting radio-loud AGN
as a function of mass evolves
with redshift:

e Using large SDSS Mega-Z LRG
sample (Donoso et al 2009)
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e Using deeper radio sample in
XMM-LSS (Tasse et al 2009)

At high masses essentially the
same relation is found out to z~1
as in the local Universe




Evolution of the mass fraction

Look at how the fraction of
galaxies hosting radio-loud AGN | ENE=EEEREPEERE RIPERYY:
as a function of mass evolves -
with redshift:

e Using large SDSS Mega-Z LRG
sample (Donoso et al 2009)

e Using deeper radio sample in
XMM-LSS (Tasse et al 2009)

At high masses essentially the
same relation is found out to z~1
as in the local Universe
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Summary

e Low luminosity radio source activity is highly-recurrent with
a fast duty cycle, especially in the most massive gals

* "Radio-mode” AGN feedback is associated with a population
of low-excitation radio sources, which dominate the low-
luminosity end of RLF (and are distinct from FR1/FR2 split!)
Better name: “radiatively inefficent mode"
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