Q
o
=
)
(Vg

o

5=

£
O
C
T

'_

GN2 (+ante

2
redshift

>16000 24 um selected sources

lunedi 4 febbraio 2013



X-ray count rate distribution

We generated the expected count rate distributions of unabsorbed, C-
thin & C-thick AGN as predicted from the La Franca+05 luminosity
function, assuming a scaling relation between 5.8 um and X-ray

luminosities and an average X-ray spectrum (function of Np).

By comparing the expected and
observed count rate distributions we
define (for each bin) a count rate
range in which we perform the
following stacking analysis and
simulations.

N(counts) [deg-2 0.25dlog(cts/s)"!]

10-¢ 10-5 10-4
counts/s (0.5-7 keV)
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X-ray undetected sources

We searched for Compton-thick AGN among 24 um sources below the X-ray
detection limit. In order to select samples of candidate Compton-thick, an efficient
selection criterion is needed.

New technique: comparison between observed X-ray
count rate distributions (of 24 um sources) and
expectations obtained through simulations.

o
o

Ingredients:

—
o
TT

(1) L58-LX relation
(2) average spectral shape
(3) X-ray luminosity function

N(counts) [deg-2 0.25d10g(cts/s)'11_

10-8 104
counts/s (0.5-7 keV)

Log(N,)525 ]
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X-ray count rate distribution

good agreement between the
expected unobscured & C-thin AGN
distributions and the secondary peak
observed at high count rates.

—
(=}

—_—
N
—

0
~
0
-
9
-
0
S
©
0
N
(=]
™~
)
o
v
o
—
—
D)
-
=
3
(o}
Q
~—
z

selection

y \ ]
/ \ 4
’ \ .
4
J \
\ 4
! \
/ \
! A 4
'
v \
'
\
i
. \
I \
\ —
' | .
v 1
N B
\
wul aoa sl I h

10-5 10-4 10-3 10-2
counts/s (0.5-7 keV)

sansnl
10:4

~thin/unobsc

N(counls) [deg2 0.25dlog(cts/s)"]

, SCr I;:I,[v_j:‘_'; 1S Tew

107 104 10% 104 10® 10** 10* 10°* 10 10 10°* 10® 10 104 10°® 10*

counts/s (0.5-7 keV)

lunedi 4 febbraio 2013



Stacking analysis

The X-ray counts in the positions of the MIR sources (without detection!) are
summed together: increase in effective exposure time and decrease in flux limit.

Stacking in two bands: soft (0.3-1.5 keV) and hard (1.5-6) to evaluate the mean
hardness ratio for the selected candidates.

HR = (H-S)/(H+S) related to the spectral shape -> measure of the obscuration

stacked image

‘X-rays .

sourge ektracgion region

0.3-1.5keV (S)  1.5-6 keV (H)




From HR to C-thick fraction

HR values obtained from stacking analysis
are converted in fractions of C-thick
AGN using Monte Carlo simulations.

In each bin we computed the average HR | _ stacking

as a function of the fraction of C-thick
AGN (assuming that the sources are
either C-thick AGN or SF galaxies).

simulation

0.4 0.6
CT AGN fraction

hardness ratio

43.6<Lgg<44.1 44.1<L,,<44.5

44.5<L,4<45.0

i{L } The comparison between observed and

C-thick AGN fraction

simulated HR allowed us to constrain the
C-thick AGN fraction in each bin.

1 15 2 25 3 1 15 2 25 3 85
redshift
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CT volume density
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redshift

We corrected in each bin
the density of MIR sources
by the fraction of C-thick
AGN.

The contribution of
detected C-thick AGN
from Brightman&Uedal?2
has been included.

Fair agreement with model

expectations at high L
(> 10744 erg/s).

At L~10743 erg/s we found
density up to |0 times
higher than predicted.




CT volume density
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45 46

43 44 45

log L(2-10 keV) [erg s-!]

46

At L~10743 erg/s we found
density up to 10 times
higher than predicted (in
good agreement with

other estimates, e.g. Fiore
+09)

Downsizing trend (as
observed in C-thin AGN).

Total accreted BH mass
still in agreement with local
estimates:

ppH = 3.55 x 10° My Mpc™?

(unobscured + C-thin + C-thick)




AGN duty cycle
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redshift

|

Def: fraction of AGN over all
galaxies with same mass.

Different models of AGN
triggering predict different
redshift evolution of the duty
cycle.

We found an almost constant
value (~30%) at high z.

shaded areas: Fiore+|2




How to separate star formation and accretion
with infrared spectroscopy

Infrared fine structure lines ‘
;‘F;h'oltc;ldissocialtionl C'o;o'na;lluRlelgions ' o IR fine structure lines:
: Regions - separate different physical

mechanismes,

- cover the ionization-
density parameter space
- do not suffer heavily from
extinction

108

107

critical density (cm™3)
104 108 108

1000

00

Stellar/HII
Regions

| 1 1 L L 1 MR
10 100

ionization potential (eV)
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Mid-IR contains several new candidates for

Star Formation Rate indicators
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AGN/Starburst Mixing Diagrams comparing Lines and Continua
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AGN diagnostic diagrams: mode

Semi-analytical models
to disentangle the AGN and Starburst contribution
to the total galaxy emission

PAH11.25um EW
[NeV]14.32um/[Nell]
IV]/[Nell 1
Expression of the [OIV]/[Nell] as functions of R

[NE”] EW R = F&a /FAGN
Extendedness Lum

19um

A (60-25)um

Theoretically for each of the galaxies there are 6 R,

- if at least 3 of them are consistent with each other
- reliable <R> is computed

— the AGN percentage in that galaxy is estimated.
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for a galaxy to be classified as an AGN: —CGLGSB1-051
It is detected in the 5@ s
88% of the AGN 1's - [Nelll] 15.56.m

90% of the AGN 2's 1 W

17% of the non-Sy’s : | 1, 56) 2022um ||
MRK335 /”\FV
Wi FS lines _|

o | | _
Jy' : rNellPS'"] (0 [sm) Silli

| 1 L L 1 1 1 L 1 1 1 ] L 1 L 1 IIIIIIIII Ll
»'}! —— 20 30
n N A(rest) (um)
'ux il ]

H,

[Nell] 12.81um [Nelll] 15.55um

[NeV] 14.31um

Deep spectroscopic searches for

WJ [NeV] lines

can discover relatively weaker AGN with

FS lines

[Nel] |[NeV] | ruem] (s |

T lower luminosities.
A(rest) (um) A(rest) (um) ]
(cf. Goulding & Alexander 09)
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AGN statistics: AGN power

0.001 F
All galaxies from the 12um Seyfert's (RMS93)
R T ¢ E
E TE 10
- Lo ¢
= I 3 z [
e | :
© ! Local AGN LF(19um)

AGN - | L ]
10% 104 104 LGt (erg s°')
L([NeV]14.32um) (erg s-!)

AGN fractional luminosity @19um Accretion power in the local universe z=0.03:
vs [NeV]14.3um line luminosity 2.1210%erg/sec
[Nell] as Star Formation index, same approach =2

SF power in the Seyfert galaxies in the local universe: 2.3¢10%erg/sec
As seyfert’s are ~10% of the total 12um sample => total SF power ~ total accretion p.
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The figure contains a
prediction of the result
spectroscopic surve
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Within uncertainties two different models (Gruppioni and Franceschini) predict about 7-10 sources to be
spectroscopically detected in more than 1 line down to the expected flux limits of SPICA, with about 20% of
sources to be detected at z>2. Similar figures from direct integration of e.g. Magnelli et al. LF

(see Spinoglio+12)
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Figure 10. Prediction of the number of sources of a 0.5 deg” spectroscopic survey with SAFARI based on Franceschini et al. (2010), giving the number of detectable
starburst galaxies (divided by Liz)and AGNs (divided by obscuration) at the 3o level. The adopted line flux sensitivities as a function of wavelength are given in the
Appendix. The left panels correspond to the AGN predictions, the right panels to the starburst predictions. As for the former, the numbers of type 2 AGNs associated

with the LIRG and the ULIRG populations are shown separately (in black and red, respectively).



