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A synthetic view of SMBH growth:
the “radiative” sector




Log Number Density [h,,® Mpc™]

AGN surveys: state of the art

Radio (1.4 GHz) X-rays (2-10 keV)
Miyaji et al. in prep.
ML L L B | I

_from Massardi et al, 2010

10-2 All Combined Sample
|B+D=“ -
1 m 1/Va I'=1.9 Cale 1
10-4 Hb ‘.. I\! i R
Eae 3
7 10-8
3
o,
=
3 -6
nS. 10
o
= . .
g 1077
T
: 1% 10
; 24<Log P,, [W/Hz] <25 ] s
i ] Log L. Range
i 25<Log ¥ /Hz] <26 1 - 5
9:_ _25<Log P,, [W/Hz] <26 E 10-° ®
Y 26<Log P,, [W/Hz] <27 1
C ] ® 45-44
27<Log P,, [W/Hz] <28 1 10710 } E
: E A4 ] l ] 1 ] l ] ] 1 I 1 ] A l | N S R
_10IIIIIIIII|IlIIIIlI[]IIIlII]II ) ] 2 8 4
0.0 05 1.0 1.5 20 25 3.0

redshitt Redshifl (z)

Qualitatively similar evolution (“downsizing”)

Optical (g-band) 2DF-SDSS
- Croom et al. (2009)

!

Brightest objects at z<1 and z>3 still very uncertain (Area is KEY)



Panchromatic Luminosity Functions
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Panchromatic Luminosity Functions

log ¢ = log {dn/dlogL) [Mpe™]
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Continuity equation for SMBH growth

Need to know simultaneously mass function W(M,t,)
and accretion rate distribution F(dM/dt,M,t) [“Fueling function™]

(M, t
w(at ) 8 (QJ)(M t) /MF(:“) Hy t) dp) =0
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luminosity function mass function |

i = Log M



Parallel lives . -;
0.6 .
0.4F .
¢ o2k ]
0.0 [ormrmrmeemmsm e
-0.2F .
—04Ff .
0.06 007 0.08 0.09 0.10 0.11 012 0.13
f} Radiative Efficiency
Q: | | | | | |
Q -
o,|3_| 010 - SRS i Y-
& L
= e St |
=,
o
' <
7 )
2 ——._ BHAR (x1000)
=
. . ol 0. %,
Mild evo.lut.lon <M;3H/ M. puige> ~ (1+2)%4 7 - |
Avg. radiative efficiency ~ 0.09

See Merloni, Rudnick, Di Matteo (2004) | | | z



Fractional Mass evolution: Downsizing

Fraction of final Mass
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AGN number densities vs. L/Lg 4

space density |Mpc™|

L L L L 'I""I""_
107°F
108 —4<Log(L/Lgaa)<—3.5  _
1077 F .
; —2<Log(L/Lggg)<—15 *
—1.5<Log(L/Lggq) <—1
11 3kd NPT T T T D T

0.0 05 1.0 1.5 206 25 30 35

Z



Hot vs. cold? Low vs. high mdot? XRB examples
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Bivariate distributions

Z_O l Optical BLAGN Mass function,
Yo Schulze and Wisotzki 2010
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Bivariate distributions

7 = O 1 Using the “fundamental plane” relation to
e infer Ly below L/L_44=0.01
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Log Mgy

Bivariate distributions
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Log Mgy

Bivariate distributions

7Z=2; Strong increase in AGN fraction/duty cycle
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A synthetic view of SMBH growth:
the “kinetic” sector




New Jet Power vs Synchrotron luminosity relatlonshlps
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Core Radio/ LK_H1 relation
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Monte Carlo simulation:
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Low Power AGN are jet dominated

* The observed slope (0.49
+0.06) is consistent with
radiatively inefficient “jet
dominated” models
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Basic scaling laws (working hypothesis)

LLAGN (L/L,4,<0.01); No BLR
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Accretion dlagram for LMXB & AGN

WNew “Blazar Sequence”
sellini and Tavecchio (2009)
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SMBH growth: 0
welghting modes
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Log L,;,=45.2 x 0.81 Log (P

SMBH growth:

welghting modes

(Merloni & Heinz 2007)

Log L;,= 44.6 x 0.7 Log (P, , /10%)
(Cavagnolo 2010, “cavity power”)

Heinz, Merloni and Schwaab (2007);

Kording, Jester and Fender (2007); Cattaneo

and Best (2009); See Poster by La Franca

Energy Feedback Efficiencies
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Conclusions and Outlook

e Most of SMBH mass density has been accumulated in
radiatively efficient (e~0.1) episodes, likely with L/
Ledd>0.01

* AGN energy output is regulated by an accretion mode
switch

* The kinetic efficiency of AGN depends on BH mass and
redshift. Its average value is close to 0.5%

* We need:

e Robust calibrators of kinetic power in radio AGN

* A clear idea of the role of AGN winds is radiatively efficient
QSOs




