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Classical hierarchical models fail to account for
the galaxy “downsizing”

massive elliptical
galaxies reach
their local
density much
earlier thanearlier than
low mass galaxies

hierarchical models
would expect the opposite!



Massive galaxies evolve
faster, at higher redshift

Classical hierarchical models fail to account for
the galaxy “downsizing”

faster, at higher redshift

Low mass galaxies evolve
more slowly, over amore slowly, over a
prolonged period of time

...inverted hierarchy !
anti-hierachical growth...



The solution may be in the feedback
from star formation and AGN activity 
that quenches/stops star formation

gas removed by strong SB/AGN outflows in
massive systems -> no longer available
for star formation



- In massive galaxies the deeper potential well makes feedback little 
effective 

-> star formation can proceed at a higher rate;
-> faster formation of the galaxy.

How feedback could work

-> faster formation of the galaxy.
When the accretion onto the black hole gets high enough (QSO phase) 

the strong feedback from the AGN expels most of the gas in the host 
galaxy

-> stops star formation;
-> the host galaxy evolves passively to become a local quiescent galaxy.

-In low mass galaxies the shallower potential well makes feedback more -In low mass galaxies the shallower potential well makes feedback more 
effective;
--> star formation proceeds at a lower rate slower formation of the galaxy
(also slower formation of the black hole).



-It is then necessary to

a) heat the gas in the ISM and then reduce the formation of stars and eventually allow
the galaxies to populate the red sequence;

b) keep hot the gas within the clusters and then compensate for the observed radiative 
losses in the IGM;

-It has been proposed that the “radio” activity of AGN can be responsible for such a process 

How feedback could work

-It has been proposed that the “radio” activity of AGN can be responsible for such a process 
by the injection of kinetic energy in the ISM/IGM.

Birzan+08

Croton+06

MAGENTA: X-RAY       GREEN: RADIO



Radio mode vs. radiative mode: what does it mean? 
Is this the proper approach/naming?

1) Quasar or Radiative mode feedback: the feedback is at work mainly
during luminous AGN phases, i.e. during accretion (see e.g. Menci+08).

In this scenario, the AGN feedback is usually associated with the periods
when  AGN radiate and its total efficiency must be proportional to thewhen  AGN radiate and its total efficiency must be proportional to the
AGN fraction (the ratio between the AGN and the galaxy LF) and
the efficiency in releasing the AGN power in the galaxy ISM.

2) Radio mode feedback: is instead assumed to be related to a
UNINTERRUPTED, almost COSTANT and LOW (~10-5 M

�
/yr) matter

accretion rate  coming from a quiescent inflow of gas cooling from
the halo’s hot atmosphere (Monaco+00, Croton+06, Bower+06, Cattaneo+06).

But this is not a realistic representation of the radio emission of AGNs
where we expect it to be NOT CONSTANT  and INTERRUPTED 
as it should be related to the several bursts of activity of the AGN.



Some models using  costant  “radio mode” feedback

Croton+06 and Marulli+08: the radio-mode feedback is more effective
in suppresing the cooling flows in the massive galaxies at late times (low
redshift).

Cattaneo+06: the cooling and star formation are efficiently suppressed
by AGN radio feedback for haloes above  a critical mass of ~1012 M

�

below z~3.

Bower+06: assume that the AGN energy injection is determined
by a self regulating feedback loop that starts when the luminosity
exceeds some fraction of the Eddington luminosity.exceeds some fraction of the Eddington luminosity.

--> We will instead present here a measure of a radio feedback
which operates only during the episodes of AGN activity 
(accretion; like the radiative feedback does)



Question 1: is the kinetic power related to the AGN radio emission
able to do the job?

Probably yes: studies on the conversion of the AGN radio LF into the
kinetic LF obtain roughly the right amount of power density 
(Best+06, Merloni & Heinz 08, Shankar+08, Kording+08,

Kinetic/radio feedback and SAM

(Best+06, Merloni & Heinz 08, Shankar+08, Kording+08,
Cattaneo & Best 09, Smolcic+09)

Question 2: are the jets able to
perturb the host galaxy?

Probably yes:see 2D-3D hidrodynamical
simulations by
Saxton+05
Sutherland & Bicknell 07Sutherland & Bicknell 07
Tortora+09
Krause & Gaibler 09
Gaspari+10

Sutherland & Bicknell 07



Question 3: are the above studies sufficient in order to allow the SAM 
to properly reproduce the star formation and evolution of galaxies?

Not really: in order to follow the evolution of each kind of galaxy and

Kinetic/radio feedback and SAM

Not really: in order to follow the evolution of each kind of galaxy and
of its AGN, we need a measure of the kinetic/radio feedback of each
single object as a function of:
1) Accretion rate
2) Redshift
3) Halo/galaxy masses
4) Environment
5) else…



Measure of the kinetic/radio feedback as a function of:
-accretion rate -> LX
-redshift -> z

Objective

Ingredients (top-down):

3) Conversion of radio luminosity into kinetic power

2) Dependence of the AGN radio luminosity from accretion
rate and redshift (Lx, z)

1) AGN density as a function of LX and z (X-ray LF) 1) AGN density as a function of LX and z (X-ray LF) 



2) Dependence of the AGN radio luminosity from Lx and z

We have measured the conditional probability distribution function of the
Radio loudness RX=LR/LX, P(R | LX, z), as a function of the intrinsic
2-10 keV X-ray luminosity and z, from more than 1600 AGN (AGN1 and
AGN2 with LogLX>42) belonging to complete X-ray samples.

BUT, in order to estimate the kinetic (radio) luminosity of the
X-ray selected AGN, we had to measure a radio emission which was as
much as possible causally linked (contemporary) with the observed
X-ray activity (accretion) - ->  cross-correlation radius<5 arcsecs

95% of the X-ray/radio 
cross-correlation have distances
below 2 arcsecs (15 Kpc @ z=2)below 2 arcsecs (15 Kpc @ z=2)

Then distant radio lobes are excluded
NO FRII sources in the sample 



The sample 
1641 AGN with intrinsic LX>10

42 erg/s (375 radio detected)

filled squares = radio detected



RX=log(LR/LX)~log(FR/FX)

The sample 
1641 AGN with intrinsic LX>10

42 erg/s (375 radio detected)

Only for the low-z samples

70-80%
detected~30%

detected
Only for the low-z samples
(on ~150 AGN) the fraction
of radio detections reaches
about 80%, and it is therefore
possible to measure the entire
probability distribution of R: P(RX)

detected



Probability distribution function of RX for the full sample

The probability distribution function of RX has been evaluated trough the

comparison (χ2) of the observed and expected number of detections
after taking into account all observational selection effects, i.e. both
detections and upper limits of all ~1600 AGN have been used .



Probability distribution function of RX

More “radio loud” AGN at low LX
and high redshift



Probability distribution function of RX

Analytical fit



Sanity test n.1: the LR-LX relation

- Our fitting method allows to take into
account all data: both detections and
upper limits

- If we ignore the redshift dependence 
of the P(RX) distribution, we almost 
reproduce the fundamental plane 
relation (LR=f(LX, MBH; Merloni+03) 
when MBH~10

8 M� is assumed

- When the redshift dependence is
introduced the slope becomes flatter.



Sanity test n.2: the AGN radio LF

La Franca+05

La Franca+05 (& Brusa+09 at 
z>2.7)

downsizing

R>-4

Brusa+09

* =

P(RX)

X-ray LF

FRI LF



Sanity test n.3: the AGN radio counts

We reproduce the recent
results on the counts/fraction
of AGN in the radio sub mJyof AGN in the radio sub mJy
regime.

The AGNs include radio
galaxies, mostly of the low
Power, FRI type, and a
significant radio-quiet
component, which amounts
to ~ 1/5 of the total sample.

FRII
FRI

Jarvis & Rawlings 04
Wilman+08
Seymour+08
Padovani+09
Ballantyne 09



Measure of the kinetic/radio feedback as a function of:
-accretion rate -> LX
-redshift -> z

Objective

Ingredients (top-down):

3) Conversion of radio luminosity into kinetic power

2) Dependence of the AGN radio luminosity from accretion
rate and redshift (Lx, z)

1) AGN density as a function of LX and z (X-ray LF) 1) AGN density as a function of LX and z (X-ray LF) 



Conversion of radio luminosity into kinetic power

Following Cattaneo & Best 09, we used two
different relations at  high (L>1025 W/Hz) and low 
(L>1025 W/Hz) radio luminosities  



The kinetic luminosity function

La Franca+05

La Franca+05 (& Brusa+09 at 
z>2.7)

Brusa+09

* *



Results: the kinetic and bolometric LF

Bolometric LF

Kinetic LF

ΦK two orders of magnitude smaller



Results: AGN Power density history

- However, at z<0.5 (5 Gyrs ago) ,
we find a sharp, a factor of five,

- Our estimates are in qualitative
agreement with the trends with
redshift of the radiative and kinetic
power density used by SAMs
(e.g. Croton+06)

-The exclusion of the more radio quiet
(RX<-4) population would result in a
50% underestimate of feedback

we find a sharp, a factor of five,
decrease of both ΩK and Ωrad 

(see Kording+08) which is tightly 
linked with the AGN LF evolution

- Kinetic efficiency εK~5x10-3

(see e.g. Merloni & Heinz 08)

-LK/LB~ ΩK/ Ωrad~ 0.05
compare with 0.10±0.38 (Shankar+08)



Summary

-In order to properly implement the feedback into the
SAM it is necessary to know (better if analytically) the AGN
kinetic power as function of accretion rate and redshift.

-We have built a catalogue of ~1600 X-ray selected AGN1
and AGN2 observed at 1.4 GHz (~380 detected). 

-The conditional probability distribution of RX=LR/LX as a 
function of the intrinsic X-ray luminosity and redshift has
been measured (analytically fitted): P(R| LX, z).

-P(R| LX, z) reproduces fairly well a) the LR-LX relation, b) the
FRI AGN radio LF and c) the 1.4GHz counts down to the
sub-mJy regimes, where AGNs account for ~20% of the
sources.

- The kinetic LF has been computed through convolution of the P(R| LX, z) with the X-ray LF
and the LRADIO-LKIN relations and can be analytically implemented in the SAMs.
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- The kinetic power density evolution qualitatively agrees with the new generation SAMs,
although an un-predicted sharp drop off is observed at z<0.5 

- The kinetic efficiency results to be εK~5x10-3 and the ratio LK/LB~ ΩK/ Ωrad ~ 0.05

Thanks

and the LRADIO-LKIN relations and can be analytically implemented in the SAMs.


