Active Galactic NU@lei in the infrared: identification,
energetic and propfrties of the obscuring material

Mari Polletta |
(Institut d'AstropRysique de Paris)

Collaborators:

D. Weedman (Cornell U.), S. Hoenig
M. Tajer, L. Maraschi, 6. Trinchieri
C.J. Lonsdale (Caltech/IPAC), F. O
B. Wilkes, R. Kilgard (SAO)

1

APIfR)
AF-Brera)
RAO)




Outline

® A brief introduction on Active Galactic Nuclei (AGN)
® Properties of obscured AGN and their importance

® Tdentification of AGN and in particular of the rare obscured
and extremely luminous AGN (QSOs)

® The obscuring matter in QSOs
® Tmplications on AGN (unified and evolutionary) models

® Herschel outlook on obscured QSOs
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| In’di_r'ec’r evidence of .eXisTen'ce of hedvi ly absorbed ;AG_N‘ ol
' - CXRB syn*hesw models requlre a populahon oF heavnly obscured AGN

- © How and where can we fmd ’rhe mlssmg AGN 9
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Indirect evidence of existence of heavily absorbed -,AGN. S
- CXRB syn*hesw models requlre a populahon oF heavnly obscured AGN |

- © How and where can we fmd ’rhe mlssmg AGN 9
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 The fraction of obscured AGNde_creaseé at.larger. -I'umino'-,si"ri_‘e,s‘

_c$ Is the decreaée- of obscured AGN at high Iuminosli.’ry_-reql' ora se_lec’rionxeffé'c‘r ?
- Is the obscuring matter (torus) affected by the AGN Juminosity ?- |
~ Is the unification model’valid at all redshifts and luminosities ?
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Obscured Iummous AGNS represen’r a key evoluTuonary phase
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& '_ Gt In search of answers
| IeTs fmd The mlssmg AGN

-

& How and where can we fmd the mlssmg AGN ? s .
‘& Is the decrease of obscured AGN af high luminosity real or a selection effec’r ?

© Is ’rhere any ewdince suppor’rlng the popular AGN evolu‘rlonary scenamo ?

PUERN Need to find and study obscured AGNSs |

-

:Finding and unders_‘rand'ing the obs'c_uréjd | AGNpapu-laT_i,on'is also necass’_ari{‘r‘o uders’ra-rid‘: '

.- ‘rhe COHTI"IbUTIOH from accretion ac’rlvn’ry (AGN) versus nucleosyn’rhesns (s‘rar—
| ' formation) to the energy budget of the universe ..

m the origin of the X-ray background and of the IR background
 ® the evolution of AGN and star- -forming galaxues | ‘ |
= the Imk be’rween Black Hole (BH) growTh bwld up ofs’rellar mass and AGN feedback_ |
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The Spn‘zer Wlde Ar'ea Infmred

Ex‘rmgalac‘rlc Survey (SWIRE)
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Ccm we |denhfy all AGN ?

Comblnahon oF varlous selec’rlon me’rhods to mlnlmlze selection blases
FIELD: Chandra/SWIRE Survey: O 35 deg (Polle’r’ra et al. 2006)
® X-ray: L><>1042 erg S‘1 a

' Infrared: red power-law (FV o >\2)

- . ® Radio- lgud: Faaym Faoonl

Each selection is highly incomplete | i
L | Radio .. ", #
X-ray.- - 4 W -

| Infrgir'ed

Identified AGNs:

808 (2315 deg™)

(See also Lacy e’r al. 2004, Stern et al. 2005;

S L Do_nley et al 2006, Alonso-Herrero et al. 2006)
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: . AGN charac’rerlza‘rlon - |
| Spec’rml Energy Dls’rmbuhon (SED) fITS
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L
o
-
(=]
L
L

E.||{2}

W ENS) —~
\-"—‘—‘-\.,_,.-"f

EII{15};

1 10 100 1000 1 10 100 1000 1 10 100 1000
Rest—frame A (um) Rest—frame A (um) Rest—frame A (um)

(Polle‘r‘ra et al. 2007; Sllva et al. 1998 BerTa eT al.. 2003 2005; HGTZII’I’\IHGOQ'OU et al. 2005)
OATS- DAUT, 19 Dec 2007 o ) |



Spec‘rral energy dls’rrlbu’rlon C|GSSIfICO‘|’I0n

Star-forming like AGN AGNZ AGN1

1IIIIE " II11|‘I| L e rrres L B R L] LI II I LI |III1I| L] II|IIII| I o rrrne

sF AGN2Z AGN1T

e

u ey i\*‘ﬁ- = A

/J‘ N
Ye

L

“"“-le"-l-_‘_ e & i .

Ll

: l?-h‘ﬂ:‘!ul_w J,t"; )

—
=
=
E
o
-
0
[
=
o
=}
Le
.
L
L
o
&
W

739 spi1_4 ' 738 Sey18 1226 BQSO1
178 S0 T 1227 Sey2 | 142 BQSO1
1248 Sa 138 Sey2 282 Q501
842 Sd 124 Q502 571 QSO1
288 spiZa_12 T47 119254 280 TQsM
227 NB090 71 Mrk231 71 TQS01

iiiaail i i iaiil i i i iiial s aaail i el i il e iaaail il [ EET

1 10 100 1 10 100 1 10 100
Observed A (um) Observed A (um) Observed A (um)

" (Polletta et al. 2007)

OATS-DAUT, 19 Dec 2007



f Sp‘ec_‘rrc.llenergy distributions (SEDs) of all ,i'de.n-fi‘fied AGN
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~ .Average SEDs of X-ray selected AGNS"(PoII"eﬁa et al. 2007)
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- SEDs of X-ray detected Compton-thick AGN
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o The mlssmg AGNS
| s STar -forming galames wu’rh mid- mfr'ared excess.
Hard X- ray emission deTecTed by sTackmg Chandm lmages
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A sample of extremely luminous and
obscured AGN

From the 3 Spitzer widest extragalactic surveys:

* optically faint & 24pm bright sources (F2sum/Fr> 500 & F24,m>1mJYy)

e AGN-dominated IR SEDs

* available IR spectra from Spitzer/IRS

o L(6pm)>10* Lo

Field | >VIRE | NDWFs | E-FLs | ALL
(LH, N1, N2)
Area
o) | 2 : 37 | 367
N [ 5 5 21
sources

* 2: Houck et al. 2005, 5: Weedman, Polletta et al. 2006, 1: Desai et al.
2006, b: Yan et al. 2007, 8: Polletta et al., 2008

OATS-DAUT, 19 Dec 2007
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Spectral Energy Distributions

Fv (mJy) vs A(um)
Optical
TRAC
IRS spectrum
MIPS

Fv~v* with o2

OATS-DAUT, 19 Dec 2007
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Infrared Spectra (IRS)

Silicate absorption feature at 9.7pm in 18/23 sources
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The selected sources include the most luminous
& most obscured AGNs currently known

* This work . i XThis work 3
O 1 1 : ®Qs0 1 O °
v Weedman 06 : : ouLIRG ©
A QSO Il (Sturm+ 08) . :
< Yan 07

* QSO | {Huﬂ+ D?j

1.0 1.5 2.0 2.5 ,
Redshift Apparent Tg;

Silicates (9.7pum) optical depth:
Tsi = In(Fg.7°°"/F 5:°%%)

OATS-DAUT, 19 Dec 2007 Image by NASA/CXC/M. Weiss



SED Modeling: Clumpy torus

(Honig et al. 2006)

Model parameters:

® cloud density distribution vs radius: n(r) ~ r 11223 [4]

e total number of clouds N in the torus: 10,000; 15,000; 20,000 [3]

e vertical distribution: H(r) ~ r 11215 (no, moderate, strong flaring) [3]
® torus inclination (9): = 0,15, 30,45,60,75,90 deg [7]

® random arrangements of clouds [5]

o4 x3x3x7xb=1260 models

+

Fit 1-10pum rest-frame SED & spectrum

OATS-DAUT, 19 Dec 2007 22 Image by NASA/CXC/M. Weiss



Effects of torus inclination on
observed emission

Clumpy torus (from face-on to edge-on) Clumpy Torus Infrared SED
i=0° i=30°

i=45° i=90°

(Honig et al. 2006)

OATS-DAUT, 19 Dec 2007 23 Image credit: NASA/CXC/M. Weiss



SED fits with clumpy torus models + host

Clumpy Torus
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SED fits with clumpy torus models + host

Clumpy Torus
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Evidence for external obscuration

Torus+Host
Torus
Host
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Evidence for external obscuration

Torus+Host+
COLD

ABSORBER
Torus

Host

External obscuration already
proposed by Keel 1980;
Lawrence & Elvis 1982;

see also Rigby et al. 2006;

Brand et al. 2007, Urrutia et

al. 2007; Sajina et al. 2007.

Cold Absorber: Galactic

center extinction curve
(Chiar & Tielens 2006)

OATS-DAUT, 19 Dec 2007
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Torus inclination in mid-IR
selected obscured QSOs

10/21 sources (8 modeled with torus + cold
absorber, 2 with weak Silicates in absorption)

Observer

...}' <«— 11/215s
s ources
%

:él

How common are these obscured QSOs ?
(What is the torus opening angle at these luminosities?)

OATS-DAUT, 19 Dec 2007 28 Image by NASA/CXC/M. Weiss



Surface density of obscured and unobscured QSOs

IRAC & 24 pym SWIRE sources: 1540 deg™
Extremely red IR colors & Faaum >ImJy : 22 deg® (

*This work S “xThiswork

"l SDSS/SWIRE Type 1 QS ' B 5055/SWIRE Type 1 QSO
A Unobscured AGN A Unohscured AGN

|V Obscured AGN ] ¥V Obscured AGN

e
-

SWIRE IRAC & 24 Um sources e fest " ..  SWIREIRAC§24 Um sources’

10 100 1000
F(5.8)/F(3.6) F(24)/F(3.6)

Pt

11.7 deg? unobscured QSO (Brown et al. 2006)

OATS-DAUT, 19 Dec 2007 Image by NASA/CXC/M. Weiss



MIR obscured AGN fraction

Hasinger 2004
CDFS+HDFN

Ueda et al. 2003

] All MIR obscured QSOs

Only torus obscured QSOs
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MIR obscured AGN fraction

Il-lasinger 20“34
CDFS+HDFN

Ueda et al. 2003 '

All MIR obscured QSOs
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Possible obscuration scenario

23-25%
35-41%

34-40%

o Clumpy Torus
> The torus covering fraction is ~34-40%

and
the torus half opening angle is ~ 67°

For local Seyfert galaxies: 46° (Schmitt et al. 2001)

\ 4

Evidence for receding torus
OATS-DAUT, 19 Dec 2007 32 Image by NASA/CXC/M. Weiss




Is there evidence for a starburst component ?

® Signatures of a starburst component can be found in the mid-infrared
(PAH features) or in the far-infrared (cool dust)

8 (out of 18 SWIRE & E-FLS) sources are detected in the far-IR
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Origin of the far-infrared emission

8 sources detected in the far-IR:
2: far-IR ~ torus model & 6: far-IR > torus model
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Higher S/N to look for PAH fetures (6.2, 7.7pm)
Observed F77um< 10% of the continuum at 7.7pum

L Bpoi~LpAH7 7um)
(Houck et al. 2007; Brand| et al. 2006)

¥

Average Starburst luminosity

LSB o~ 2x10%2 Lo

> SFR~350 Me/yr (Kennicutt 1998)

8 sources wiﬂ;\cE P7.7
Siin absorp‘rion‘ HAC ‘ ‘
(fit: torus + :

cold absorber) : : |

Only 26% of LA®N, |

OATS-DAUT, 19 Dec 2007

Starburst signatures in the composite IR spectra

13 sources withpg 5
i in absorption ‘
(fit: torus only) |

H.5(3)

P11

6 8 10

Rest—frame wavelength (um)

Image credit: NASA/CXC/M. Weiss



The Herschel perspective

® Characterize far-IR emission

= cold dust, star formation rate, bolometric luminosity, starburst contribution

® FIRvs type, L, & obscuration to test unification model at high-z and L, and AGN

evolutionary model

® Accretion contribution to the CIRB ?

Instrument SPIRE

A (Um) ( szger) 110 | 170 | 250 | 350 | 500

| BESC I | g | o | a0 | a4 | w4 | 2
A0 SWIRE 50 (mJy) & - - . - .

(3 fields: 22 deg?)

OATS-DAUT, 19 Dec 2007

Image credit: NASA/CXC/M. Weiss




Herschel GT programs detection of high-z obscured QSOs

All will be detected by SPIRE in the Level 5 surveys
SPIRE [350um] detection rate: 60% (L6), 100% (LD)

[

MIPS22204 | ! MIPS22303
+ z=2.50

10 100 1000 10 100 1000 10 100 1000 10 100 1000
Observed A m Obsarved A m Observed A m Observed A m

OATS-DAUT, 19 Dec 2007 Image credit: NASA/CXC/M. Weiss



Herschel GT programs detection of high-z obscured QSOs

All will be detected by SPIRE in the Level 5 surveys
SPIRE [350um] detection rate: 60% (L6), 100% (LD)

N N N\

Based on MIPS FIR detection and the estimated surface density

WE EXPECT
>170 (7.6/deg® x 22deg®) obscured QSOs at high-z and L detected with SPIRE/L5
>230 (4.5/deg® x 50deg2) obscured QSOs at high-z and L detected with SPIRE/L6

-

10 100 1000 10 100 1000 10 100 1000 10 100 1000
Observed A m Obsarved A m Observed A m Observed A m

OATS-DAUT, 19 Dec 2007 Image credit: NASA/CXC/M. Weiss



Summary

® AGN selection: A single band selection identifies only a small fraction of all AGNs, e.g. a radio,
IR & X-ray selection yields 55% of all AGNs in the X-rays, 17% in the radio and 37% in the IR.

o AGN SEDs: The majority (~55%) of all identified AGN shows SEDs, 19% SEDs
and 26% are characterized by normal galaxy SEDs (ellipticals, spirals or starbursts).

® Missing AGN: they look like AGN2 or star-forming galaxies with absorbed X-ray spectra

® Using mid-IR data we selected a sample of luminous & obscured QSOs

® Clumpy torus models well reproduce their observed IR SEDs and Silicates feature. Sources
with NIR excess & deep Si absorption feature require a cold absorber.

¢ (Obscured : unobscured QSOs = 1.4-1.9 :1, but half of the obscured QSOs are not obscured
by the torus. & Evidence for larger torus opening angle at high luminosities and for receding
Torus.

® Some obscured QSOs show extreme FIR luminosity, consistent with Hyper-Luminous
Starbursts (SFR~600-3000Me/yr). On average a starburst with SFR~300Me/yr could be

present and contribute to <26% of the AGN bolometric luminosity.

OATS-DAUT, 19 Dec 2007 Image credit: NASA/CXC/M. Weiss



-Conc'lLisi_ons 3

O How and wher'e can we flnd the mlssmg AGN > |
There is evidence for.a Iarge fraction of AGNs wn‘rh star- formlng galaxy SEDs and
ex’rremely absor'bed X- ray spectra. '

©.Is the decrease of obscured AGN at hlgh Iummosu’ry real ora selection effec’r P
e Al‘rhoug?\ there are more obscired than unobscured QSO0s, ‘rhere is evudence fora:;
" decrease in the torus cover'mg fac‘ror CEv U -

*

© Is ‘rhe AGN evolu’nonar'y scenario correct? :
* Obscured QSOs hosted by powerful starbursts found by Spitzer might repr'esen‘r

| the rare phase wher'e ’rhe blow-out phase is ’raklng place Mor'e wor'k ’ro be done

OATS-DAUT, 19 Dec 2007



