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AGN- galaxy Coevolutlon model
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+ “Negative Feedback”: the outflow may
AGN feedback

inhibit SF in the host by clearing/heating
the interstellar gas (zubovas & King 2012)
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 NORMAL GALAXY | UNOBSCURED BLUE O + “Positive Feedback”: the outflow might
\i1 also be responsible for inducing SF in the

passive 1 host through gas compression at its edges
$% (e.g. Silk 2013, King 2005; Imanishi & Fabian 2012)
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The need for negative feedback

(i) Explains red and dead (ii) Invoked for the Mgy - Mx relation
properties of local ellipticals
(SF QUENCHING) (iii) Prevents overgrowth of massive
galaxies (where SN feedback is not
enough)
A
-3 Y J{?;:\: i '-—‘— TWerlle; e't. 'ol.IZC;O; 5
[ Sa S, Bell et. ol. 2003
o~ S'\-TI%’?\ N
. i . 4
7 e sk Qa.%é%%,DM halo F(M) |
, "";-‘f?o\:\ rescaled

-15}-

Logyo{N Mpc™ Msun™")
/

T elliptical galaxies
MaSS - -x-»- all galaxies
_20 —

Read & Trentham (2005)

A l A A A l A A A 1 A A A

6 8 10
Log,e(M/Msun)




Feedback: observational evidences

Direct feedback observations



Feedback: observational evidences

Direct feedback observations

-1000 -500 0 500 1000
Velocity [Km/s]

0.0

arcsec

VeS|

-1.0F

arcsec



Feedback: observational evidences

Statistical studies on SFR of AGN
compared to normal galaxies:

Direct feedback observations




Feedback: observational evidences

Statistical studies on SFR of AGN
compared to normal galaxies:

Direct feedback observations

79+/-10 per cent of moderate AGNs are hosted
in MS galaxies (Mullaney+12)
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Statistical studies on SFR of AGN
compared to normal galaxies:

79+/-10 per cent of moderate AGNs are hosted
in MS galaxies (Mullaney+12)

Enhanced star formation rates in AGN hosts
with respect to inactive galaxies (Santini+12)
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Enhancement of AGN
incidence in redder galaxies with lower specific star
formation rates (Bongiorno+12)
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Feedback: observational evidences

Direct feedback observations

Massive outflow of several kpc scales
(Cano-Diaz+12, Feruglio+10, Brusa+15 Feruglio+15)
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Star formation strongly suppressed in the region
with the highest outflow velocity
(Cano-Diaz+12, Cresc1+15)
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Statistical studies on SFR of AGN
compared to normal galaxies:

79+/-10 per cent of moderate AGNs are hosted
in MS galaxies (Mullaney+12)
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34%—-55% of AGNs have
SFRs at least a factor of two below that of the average
MS galaxy, compared to = 15 per cent of all MS
galaxies (Mullaney+15)
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transition/blow-out phase

Quenching
AGN feedback
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ARE AGN REALLY
RESPONSIBLE/
ASSOCIATED TO

QUENCHING SF IN

GALAXIES? IF YES ...
WHICH AGN?




Mass and Environment Quenching

QUENCHING: the cessation of star formau’on for any reasor.

A

SFR

SF quenching

Peng+10: Mass and Environment
quenching are “separable”

*  Environment Quenching --> low mass

* Mass Quenching --> high Mass

ENVIRONMENT
QUENCHING EFFICIENCY
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lesting the mass quenching mechanism:

XMM-COSMOS Hard X-ray selected sample

927 hard X-ray selected AGN at 0.3<z<2.5
VIMOS spectroscopic data for more then 50% of the sample

with host galaxy stellar mass (M, ) measured through SED fitting

_ Asar= Lipaokev) /My

Main computational issue:

FROM a flux-limited AGN sample
TO a host galaxy mass complete sample

LacN > M,

LOG A sar =LOG (Lx/M)

LOG(STELLAR MASS)

AEdd * Lbol/Msu « Ly/ M, = Asar

(Bongiorno+16)
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lesting the mass quenching mechanism:

XMM-COSMOS Hard X-ray selected sample

927 hard X-ray selected AGN at 0.3<z<2.5
VIMOS spectroscopic data for more then 50% of the sample

with host galaxy stellar mass (M, ) measured through SED fitting
~ Asar= Lot/ My

Main computational issue:

FROM a flux-limited AGN sample

LacN > M,

AEdd

broad distribution
for a given M,

E TO a host galaxy mass complete sample
d

o

b tight

I MBH (scaling relation
<

)}

<

Q

o]

-

--> Determine HGMF and SARDF
simultaneously as a bivariate distribution
function of M. and Agsar via the

LOG(STELLAR MASS)

AEdd ¢ Lot/ Mpr & Lx/ My = Asar maximum likelihood method
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(Bongiorno+16) (Schulze & Wisotzki 2010; Schulze et al 2015)



Bivarate distribution function
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Specific Accretion rate distribution

function (SARDVF)

dN
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double power law with a
break above Edd

low Asar slope flattening
with z from -1.35 to -0.44

normalization increasing
with z

mass dependent A*sar (but
z-indipendent)
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Specific Accretion rate distribution

function (SARDVF)
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Downsizing in ®(AsaRr):
high Asar objects peak at higher z
compared to low Asar objects

double power law with a
break above Edd

low Asar slope flattening
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Host Galaxy mass function (HGMF)

dN
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HGMFE 1n I.x and Asar bins
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HGMFE 1n I.x and Asar bins
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1 1glx>44.5
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1 1gLlx<43.0

AsAr range,

and

high luminosity AGN in more

massive galaxies

when integrated over the whole

low-luminosity AGN are mainly
hosted in less massive galaxies
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HGMF m lL.x and Asap bins
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Mass function of the transient population

Peng et al., 2010
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With Ttrans== 106 - 107 yr

gas depletion time scale of the outflow

(Maiolino+07, Feruglio+10, Cicone+14)
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Peng et al., 2010
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Mass function of the transient population

Peng et al., 2010
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Mass function of the transient

population
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Mass function of the transient

population
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AT HIGH MAsSss, THE HGMF OF Lx>43.5-44.5 AGN CAN REPRODUCE WELL THE MODEL
PREDICTION FOR THE TRANSITION POPULATION
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Mass function of the transient
population
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AT HIGH MAsSss, THE HGMF OF Lx>43.5-44.5 AGN CAN REPRODUCE WELL THE MODEL
PREDICTION FOR THE TRANSITION POPULATION

IF AGN driven feedback is responsible for mass-quenching:

+High L AGN (log(Lx)>44.0-44.5) are the ones associated to quenching
+ It affects only high Mass galaxies klog(M/ Mg )>11-11.5)
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Comparison with previous results and
model expectation

Feedback from AGN seems to be associated to SF quenching:

a) for high L AGN

Theoretically:

“ Efficiency of driving energetic outflows increases with AGN luminosity

(Menci+08,Faucher-Giguere & Quartet2012,Zubovas&King2012)

Observationally:

kpc-scale molecular outflows

1\./IoutocLl/2

(Cicone+14)
( 37/
v‘ g
.
e
J
B

kpc-scale ionized outflows

Log (Lpi/erg s_l)

(Bischetti+16)
_I I T I I T T I T T I T I’
- * "¢_
3 v #1010
: ;
; . S SN
. ¢ 110%
: L. M E
B o e v ;
L - ) ]
. e ‘V 4 1044
R E y 'J v
L \S)Oj}ﬂ:' = v _ 1043
: o) = E
u N L O ® 7
r 20 O O E
O 11042
?&" O _E 10
O Y WISSH ]
O ¢ @ Harrison+12,14 _ 1041
V Carniani+15, Perna+ 15, Brusa+ 15/ 3
® | @ Nesvadba+06,08 ]
@ Rupke& Veilleux+13 <
I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1040
44 45 46 47 48




Comparison with previous results and
model expectation

b

Feedback from AGN seems to be associated to SF quenching:
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Conclusion

*AGN feedback as possible responsible SF quenching mechanism is KEY to fully
understand the evolution of galaxies in the Universe

SARDF & HGMF on XMM COSMOS sample

“+ SARDF described by a double PL with the low Asar slope flattening with z and the
normalization increasing

- HGMEF described by a Schechter function with the low mass slope flattening with z

< AGN-driven feedback is a possible mechanism associated to galaxy quenching
% If AGN driven feedback is responsible for mass-quenching:

+ High L AGN (log(Lx)>44.0-44.5) are the ones associated to quenching
+ It affects only high Mass objects (log(M /Mg )>11-11.5




