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The bulk of the cosmic X-ray background below 10 keV has been
resolved:

0.5-2 keV:94+7%, 2-10 keV: 89+7% (Moretti et al. 2003)
1-2 keV: 77+3%, 2-8 keV: 80+8% (Hickox & Markevitch 2006)




History of MBH growth: first the big, then the
small
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Deep X-ray surveys have taught us a lot,
but we need complementary surveys of two

kinds:

1) Large area shallow surveys to have a census of AGN at low redshift
and of most luminous quasars at all redshifts

2) Hard X-ray (>15 keV) surveys to discover heavily obscured AGN

E xF(E) [arbitrary units]




INTErnational Gamma-Ray Laboratory

- Launched October 17, 2002 fro
Baikonur by Russia’s Proton rocii it

- In a high 72-hour orbit

- ESA payload

- Extended till December 31, 20 1 3y

and electronics 8%
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- Effective energy band: 15-300 k

- Detector area: 2,600 cm?

- Field of view: 28°x28°, 9°x9° fully coded

- Angular resolution: 12 arcmin

- Localization accuracy: 2-3 arcmin for
weak sources, <1 arcmin for bright ones

solar panels -




INTEGRAL All-Sky Survey (Dec 2002 - June
2006)

Mostly serendipitous + a program of “empty field” observations

12% sky - 1 mCrab, 80% - 5 mCrab in 17-60 keV
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RXTE 3-20 keV Slew

(=]
o

"

0’7

TON oaﬁ
X J120 ey

cs0 +HEIRL115.407 Nrgg? L & - e
XTE g4 ) —
NGEZ998 g H 14203428 g
SBS 11354594 At NGC 3*
S, !
=) e
=] 4
MRl 10 S 30HeE 458
MRK 341’ S5 R
MRICI80
oggPra MRIgZ79 MRiggoo . ,‘Zto e
Nac 303 nRECHRT, Ve ey - MRK 7
5
il L g GRE 9B fo240514 ) AT 1RXS J1416506.-115845-LCRS B1414YEM 4c0Ra12 i ° %
1] " ]
SULmES 0838571
VR PKS 151
- HT, i o:ﬂgn;‘ *:i | o ESO 508-GQoTs m13.22
i ‘b) 1 Zwy7 "j EX GHB%O@ 4au 1057-,«
4 . AUATOR24 N ESO 511-Gg30 d
s unghRYEs ; i ©' Noc spolBAPITIITs 240558 AT uceg
Mg s Avgr 1ﬁxs.11s1519.2-83518 —— 5419/%@%% % E)
$5 2f15381 5 ’ V1025 Gan ]
iu o ucc 1065 170380129 + 1RXS yigge110.010118 %w e b Esoszm@ﬁ%&7 K @
S8ae0bg BYggm 1ES 19598850 CGRra ARXS174527.8+110837-IRAS EJ743141109 il PKS 145137B% mggé?’é%mm': §os4201 MG 52338
o 4 CcH : Rho Oph, o 3 i
Mc‘hgq;ﬂ L4 ?} W23 ‘mxs.1173021.54;§5933 1H1652:180 !Nuw P € @wzgﬁa-&vw 4Uos23 g1
b PDS 456 " ghxs “WP&H%'
I} Al LA g :‘
) A B ! ]
L] E . + il
o L g : §: 40 < i
1

F
b 6
135.000

1 80.0E0

‘ L
V1062 Taus a -
i %;:‘ V1432 Adl-NGgesT4
TR Rxs Jaomﬂﬁ
X
w3y
uxag, AKN 3 (LG 212‘19 it
MRK: ¥
=3
v =
VRK 3% g o XTE .121*9 ATy 8
I ﬁ
XY, Al.
MRK
- TEX 02224-& ai NGC. 7‘ °
FO (g4ATE1A+RX J2145.5°3051/PK§ 2145306
A PG 2304442 PKS ziﬁiﬂz
ARG WRK 88
MRK 98, nec g 2
=3
MR 2251-@ o
AGNs O 4
NGC 1068g WS 2306.1-2236+ 43556 >4
Local © MRK 59Qgg -
Unidentified o
GRB'930208,

TON S18da =)
=3
=
=}
@

294 sources at |b|>10°,

including 103 confirmed AGN

NGC 7243

— NGC 7882

== i ‘ v : T
; ﬁo.om . ki 975,000 a8 ‘
1 H1342-B3 < * - #

Cha 2 cjgud
'y doud
EXO o7t7

L
PR - Do

ESO uzqmam 8° ™! T‘i"

g
9 nec ﬁo‘% PKS 05285134
IRAS 05073’ 626

)
Gy
JRXS J171aso.u-925'.‘)

o
Faigplldo
Es?gws
ESO 1414”55 H18465
1RXS J1 %@ﬁm
7PKS ZOGW ;}

NGC, a‘&lgrl
Orign. *ula
K?O

g :

1C 5083 ; PM“*‘“’ ©
|nA§lPh§25§zz7 é 0 dﬁ& ! 1H04143009
s*: i
'1 RX 52.9.94203 7 -
cPge VIt
AP s 1985004
1 m“]?fs
NGGB26A

Revnivtsev et al. 2004
Sazonov, Revnivtsev 2004




iy 2
XSS8/IGR J12389-1614

. . .
; ' ‘ ' 45x45 deg
20'x20 4 :
- . . .
El * ?
-
. . * * *
. - * Y e . ESO 511-G030
. . . IC 4329A
. 4 ®
MCG-6-30-15
@
®
. ©)
®
.
r
. @ ®
-
IGR J12028-5350
IGR J15é82—4529 IGR J1310-5552 ©

O

Chandra Deep Field North INTEGRAL Cen-Shapley
region

>80% of the CXB below few keV
is resolved into distant AGN 1-2% of the CXB at 17-60 keV is
resolved into nearby AGN




log N - log S of extragalactic sources (AGN)

17-60 keV FLUX (erg s* cm™!)




AGN space density (D<70 Mpc) reveals local

0.2 0.4

40 AGNs n=1.4x10%/Mpc®, L>104 ergls



INTEGRAL AGN catalog

Seyferts
Blazars

All sky:

94 AGN (86 Seyferts, 8 blazars)
+37 AGN temporarily detected
+40 unidentified sources
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Identification program: discovery of obscured

NGC 4992
Sa galaxy at
z=0.0251

IGR J13091+1137
_IIIII I I I L

N,=(9+1) 1023 cm~2? (Sazonov et al. 2005)

— nearly Compton thick AGN
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Optical follow-up
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Identification and classification usually straightforward with a 1.5-m

class telescope

(e.g. Russian-Turkish Telescope, Antalya), once the localization is

improved with

Chandra or Swift/XRT but often even without that



Hard X-ray luminosity function

O = B B R AGN number density:
E‘— n(L>1041)=

2O (1.4+0.6) 10-3 Mpc-3

10-3
AGN luminosity density:
€17-60 kev (L>10%1)=

(12.4+1.5) 1038 erg/s/Mpc3

104

10-°

dN/d(log L), Mpc-3

In good agreement with:

- Beckmann et al. 2006 (smaller
|\ 'Y INTEGRAL

41 42 43 44 45 sample)

Log 17-60 keV luminosity (erg S—l) « RXTE Slew Survey 3-20 keV LF
(Sazonov & Revnivtsev 2004)
- HEAO-1 2-10 keV LF

Sazonov et al. (Shinozaki et al. 2006)

2007 - Swift (Tueller et al. 2007)
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AGN downsizing continues at z~0
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Obscured vs. unobscured AGN

I,_ < '4 10'43 eré/s_: -Fraction of obscured AGN

- decreases from 65-70%
4 atlow L to 20-30% at high L

‘Only 10-15% of AGN are
Compton thick - all at low L
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Same luminosity trend was seen
by
17  RXTE (Sazonov & Revnivtsev
71 2004)
- and is being observed by Swift
| (Tueller et al. 2007)

22-22.5 23-23.5 24-24.5 unknown

22.5-23 23.5-24 >24.5
o _




Similar trends are seen at higher
redshifts
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Average hard X-ray SED of local AGN
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Space density weighted sum: S=3 L. /
Vv

max;| L<1043> erg/s
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Space density weighted sum: S=3 L. /
Vv

max;| L>1043>erg/s

10 100 5———
Energy, keV ‘
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Photon inde:

1.5

onov et al., submitted to A&A
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Spectrum of Cosmic X-ray background
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Let’s convolve average local AGN SED with z-
dependence
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Let’s convolve average local AGN SED with z-
dependence
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Consistent with the CXB spectrum! (within large
uncertainties




Main results from the INTEGRAL survey so
far

@ Local ratio of obscured to unabscured AGN drops from 2:1 at low
luminosities to 1:3 at high luminosities. The same trend is seen in
deep surveys at higher redshifts. Does this mean that AGN
feedback on the dusty torus is important or something else?

@Observed fraction of Compton-thick AGN is significant (~15%), but
not as large as some early expectations. But we do not know yet
the space density of extremely thick objects (N, > 10%2%4>cm~2) -

infrared surveys could help.

@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 spectral shape
and flux if the local AGN population is just a downsized version of
that at z=1-2.




Future work

@ Complete identification of INTEGRAL sources near the Galactic
plane and
around the Galactic Center - unique possibility of studying LSS in
the Zone of avoidance. In combination with Swift at high Gal.
latitudes, <1 mCrab hard X-ray coverage of the whole sky will soon
be achieved.

@Using the increased INTEGRAL AGN sample, re-derive the hard X-
ray luminosity function, absorption column distribution and
improve the average 3-300 keV AGN SED - better constraints on
the high-energy spectral cutoff.

@0Observe the whole local AGN sample in the infrared with Spitzer
(proposal submitted). Study IR - hard X-ray correlations - use for
diagnostics of weak sources detected in deep surveys. Construct a
representative infrared to hard X-ray SED of local AGN.




