1-S‘ot_atistics of local hard X-ra'y. selected AGN
clues for the CXB and unification‘'model .
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History of black hole growth: first giants, then dwarves
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To make a full census of AGN we need deep, pencil beam surveys +
large area (ideally all sky) surveys



Resolving the cosmic X-ray background
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Obscured AGN

10 & E

E xF(E) [arbitrary units]
o

0.01

E [keV]

> Soft X-ray surveys (< 2 keV) only find unobscured AGN (N,;>10%2)
> X-ray surveys (< 8 keV) miss heavily obscured AGN (N, >1023-24)

We need hard X-ray surveys (> 10 keV) to study obscured AGN



RXTE 3-20 keV Slew Survey
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INTEGRAL All-Sky Surve

MNGC 4395
NGC 4151 &
ndd 5033
i 159 g Mk 268 Mk 783 1 ? _60 keV
L ekl IGR ﬁusnﬁ%?‘laaa
IGR J13038+5348 NG sbaa ] PKS i
o NGC 5252 é@%ﬁ NGC 3227
=l AlEf4593 =
Mifk 110 ~
NGC 5506
i K55 J12369-1614
o]
55 D36+71 s
PG 088+ 761 .
wiks O 3C 390.3 ESO 5114603204 NGC 2332
mrk 303 <o il : NGC 6240 B poag 2ass60ns nGc 308
3 I C 3783
A +74.26 o » Eéw NaREBa {036 5-263353
[w] 3C 382 MCG -5Ede-18
MCG B-11-11 o] ICIEEE 4175 JRE 4945 y:¥ ME
IGR: 1B (5268
] #5335 ‘”jé?a“wua IGR 117418-12122 I1GR J16482-3034 g o IGR 5025‘534%#’6'&@4@?
Cylhus A IGR J18559+1535 ) " B IGR J14552-5144
LEDA 168563 ) no41,51 |6H§1%3+5§|%§§m@+ 41 2 @ IGR Ju;waf?a%s 21 1GR: Jmssgﬁﬁgfﬁgzﬂ a irall 1148 IRAS 05559+2
0 iy g Uy Pl e . . .
e T - il - —
PY 8768003300 9+533328 & - ; ) - ) ﬁs%a&’" . fiiB07597-3842
MICG +04-45-002 o Seo-E R g s {0 75 ga137 .
sc1qy  GR J02095+5226 . - el o ] - @ - -8B 20g- 72843553 ®
o (@] gl -0 NGEE300 o]
L] O NgE6et4 5 g *
o s R . IR&S 05076+1626
" Fz.342 ES0 103-G035 . =
) g Ak 120
IGR J234343223 Mrk[';ﬂg (]
Mrk 348=NGC 262 ESO 02-600.2
3C 454.3
o]
MGC 7463 L]
NGC 7172
Mtk 915 a
MrSZ% 2251-?198(:5314 NGC 1385
NGC@&% 068 @] o]
=]
MCG -01-05-047 NGC 1052
Mg 758 ESO 297-G018 o]
nGE 0526403
0

>400 sources,

including >131 AGN

Krivonos et al. 2007




Local large scale structure
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AGN number density within 70 Mpc (averaged over a 45 deg cone)
color map - INTEGRAL AGN, contours - /RAS galaxies



IBIS/ISGR/I AGN catalog
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Hard X-ray luminosity function

LN I UL AL LR ELELELILE B
E Log(L.)=43.4+0.3 j
Y,=0.76+0.19 :
3 Y,=2.28+0.25 7}
éluu| e v b b I--ué
40 41 42 43 44 45

Log 17-60 keV luminosity (erg s™!)

Sazonov et al. 2007

AGN number density:
n(L>1041)=
(1.4+0.6) 103 Mpc™3

AGN luminosity density:
€17.60 kev (L>107)=
(12.4+1.5) 1038 erg/s/Mpc?

In satisfactory agreement with:
> Beckmann et al. 2006 (/NTEGRAL)
- RXTE Slew Survey 3-20 keV LF
(Sazonov & Revnivitsev 2004)
- HEAO-1 2-10 keV LF
(Shinozaki et al. 2006)
- Swift (J. Tueller’s talk)



AGN downsizing continues at z= 0
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Number of AGN

Obscured vs. unobscured AGN

T T T ] » Fraction of obscured AGN
- < 4 10% erg/s ] decreases from 65-70%
- at low L to 20-30% at high L

15

10

» Only 15-20% of AGN are
Compton thick - all at low L

L > 4 10% erq/s L.
9/ - Similar results reported by

o b Bassani et al. 2006

1, Same luminosity trend seen by

- RXTE (Sazonov & Revnivisev 2004)
and Swift (Markwardt et al. 2005)
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Type2 Fraction
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Average hard X-ray SED of local AGN
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Simple stacking:

S=3 f

High-energy cutoffs have also
detected in INTEGRAL
spectra of individual AGN
(e.g. Molina et al. 2006)



Space density weighted sum: S=> L,/ V, ..
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INTEGRAL

denser Universe

than RXTE
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account in our
analysis



Flux, ents/s/cm?/keV
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Revnivtsev et al. 2003, Churazov et al. 2007



Evolution of AGN X-ray luminosity density
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Let’s convolve average local AGN SED with z-dependence
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Consistent with the cosmic X-ray background spectrum!
(within the large uncertainties)



0.5-2 keV flux limit (erg cm ™2 s 1)
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Future: Spectrum-X-Gamma | eROSITA
from thousands to millions AGN
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Sensitivity of 4-year all-sky
survey will be:

9 10-13 erg/s/cm? in 0.5-2 keV
2 10-13 erg/s/cm? in 2-10 keV
2 orders of magnitude

better than previous all-sky
surveys (ROSAT, RXTE)



Spectrum-X-Gamma survey + deep surveys =
a full census of nearby AGN and distant quasars
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Conclusions

> Local ratio of obscured to unabscured AGN drops from 2:1 at low luminosities

to 1.3 at high luminosities and the same trend is seen at higher redshifts. Does
this mean that AGN feedback on the torus is important or something else?

» Observed fraction of Compton-thick AGN is significant but not large (15-20%),

but we do not know yet the fraction of extremely thick objects (N, > 10%°cm) -
infrared surveys are key

» Average properties of local AGN - hard X-ray luminosity density, column

density distribution, and high-energy cutoff - are all consistent (within large
uncertainties) with the CXB if these properties are propagated from z=0 to z™2

» The census of AGN is still far from being complete. /INTEGRAL and Swift will

continue improving the statistics. Exciting prospects for future X-ray and hard
X-ray missions (Spectrum-X-Gamma, Simbol-X ...). Wait for surprizes!
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