What's the fuss about AGN ?

Mari Polletta
(IASF-INAF Milan, Ttaly)

Astro Siesta - IASF-Milano - Nov 6, 2008



* i Outling. <"
2 ‘. What is an Active Galacﬁc' Nucleus (AGN) ?
" ° 'AGN rele and |mpor"rcmce Gl it "
s - AGN evolu‘rlonary models and feedback ; :
. . ' S’rar' for'ma’rlon cmd AGN ac’nvu‘ry aT hlgh r'edshlf*rs and’ i
i Iumlnosmes . - | 5

e _Feed—ba_Ck si9-na’rUre's _and_impliCCT;b“S:d“ models

Astro Siesta - IAéF-Milano = Nov 6,.2008 |



Active GC('C(CTIC Nucle| _
Componen’rs and Taxonomy'_

% AGN obser'ved pr'oper"rles are
| omenm’rlon dependen‘r

| Op’rical* -
' ,.s_pec_’rr‘um; o

- Broad lines . Narrow lines

¥ Op‘rlcal
conTmuum

Blue ,. Red .
' Mid—.inf‘r'ar'ed-. Hot dusf  Warm dust

-.-X;-a '-'S.o-fT/ o ,'Hc'xl_r:d'/“ |
. -r'_ L unabsorbed absorb‘ed '

(An‘ronuccu 1993) e

b Illustration: CXC/Weiss
Astro SlesTa IASF Milano = Nov 6, 2008 : e : .



~ Active Galactic Nuclei
Components and Taxonofmy
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L AGN observed properties are
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~ Active Galactic Nuclei
Components and Taxonofmy

L AGN observed properties are
~orientation-dependent
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7 Active Galactic Nuclei
o e “Components and Taxonotny

L AGN observed properties are
~orientation-dependent
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The Effects of X—ray Absorption by Solar Abundance Gas
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L Galaxms host black holes of mass pr‘opor‘rlonal ‘ro
' ’rhelr bulge mass lummosu’ry veloa’ry dlspersmn

Fossil evidence that BHs r'egula’red
galaxies growth or viceversa
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(Kormendy & r'lchs‘rone 1995; Magorrian et al: 1998; Ferrarese & Merritt ZOOO
Gebhard et al 2000; Mar‘com & Hunt 2003; Harmg & Rlx 2004)
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_S’r.ar Formation -and Accretion share a similar “history”

-~

_AGN Space Densn’ry VS Z
(X—ray and op’rlcally selected)
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(Hopkins & Beacom 2006). L | - (Silverman et al. 2004)
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. - The r'ole of AGN m galaxy evolu’rlon

8 AGN ’rhrough a feedback process regulcn'es sTar for'mahon in ’rhelr hos‘r galaxnes
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Standard thin disk
Radiatively efficient
~ Cold gas blowout

| Re'gu_la’re_s star formation
~ Hot gas bubbles

(Sllk& Rees 1998 Fablan et al. 1999; Granato et al 2001; 2004; Spr'mgel et al. 2005 D| Matteo et al. 2005
~ Hopkins et al. 2005; Croton et al. 2006 Menci et al. zoos Somerwlle et dl, 2008) - <
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: The r'ole of AGN m galaxy evolu’rlon

8 AGN ’rhr'ough a feedback process r'eguIaTes sTar for'mahon in their hos‘r galaxnes

_' - o & " oni, Galaxy Mer'ger' sumuia’rlon wn’rh AGN feedback
;Quasar mode N - A :
High luminosities = -« " Cign v .
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Starbursting host
Standard thin disk

Radiatively efficient
~ Cold gas blowout

(silk & Rees 1998 Fablan et al. 1999 Granato et al 2001; 2004; Spr'mgel et al. 2005 D| Matteo et al. 2005
- Hopkins et al. 2005; Croton et al. 2006 Menci et al. zoos Somerwlle et al. 2008) - -
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The r'ole of AGN m galaxy evolu’rlon

8 AGN ‘rhrough a feedback process regulcn'es s’rar for'mahon in ’rhelr hos‘r galaxues
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»  The role of AGN in galaxy evolution

_ AGN Through a feedback process regula?es s’rar for'mcmon in their host galcmes

X-ray binaries Hardness In’rensu‘ry Dlagram

_Quasar mode " Radio mode
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' : s = Hardness

(Fender et al. 2005)

(Silk & Rees 1998; Fdbian et al. 1999; Granato et al. 2001; 2004; Sp;'ingei et al. 2005; Di Matteo et al. 2005;
Hopkins et al. 2005; Croton et al. 2006 Menci et al. 2008; Somer\nlle et al. 2008) '
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A Ioboro‘rory to fest ond sTudy The proposed scenorlo
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: SWIRE to sample large volumes

Spitzer to identify starburst and AGNs .

Selection

Fields: SWIRE Lockman Hole & XMM-LSS
fields (20 deg?)

F(3.6um)/F(r') > 25 = high-z

F(24pm) ~ 0.3-6 mJy = high-L

SED types:
1) Starbursts [peak at 5.8um]
- 2) AGN [red and smooth mid-IR SEDs]

3) Composite (AGN+starburst) [24um excess on

extrapolated IRAC power-law or peak at 5.8pum]
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L

" Spitzer Space Telescope-
- 3.6,4.5,5.8,8.0um -
24 70 160pm
~ + multi-band optical data

The Spn‘rzer Wlde Ar'ea Infrar'ed
ExTr'agaiac‘rlc Survey (SWIRE)
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e 2 Million Galdxi_es” up to z=3 & h_ﬁndreds of. 100 Mpc scale cells
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- SWIRE to sample large volumes

Spitzer to identify starburst and AGNs -

+

Spitzer/MIPS & IRAM/MAMBO
(70pum, 160pm, 1.2mm)

N

Far-infrared luminosity L(FIR)
Star formation rate (SFR)
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B N\'il.lime"re,r .emis.sio'n of AGN and starbursts .

AGNs are brighter at 24pm % [1.2mm detection does not depend on z

—
e
=
E
—
—
£
E
o
N
Lo

2.0 2.5 3.0
Redshift

Starbursts (33) 39% det. -

2.5
Redshift

. Composites (10) 10% det. - R R e e R
| ol.2m_rn-’de’rec+éd ' : | e e
~ 0l.2mm undetected

Astro Siesta - IASF-Milano = Nov 6,.2008 e e o . S ik : | e e e T



 Infrared properties of SWIRE/MAMBO
~ sources and comparison with SMG$
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Is an AGN contributing to the
24um flux in the starbursts?
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SWIRE sample: Distinct | ATDUISTS w5 R
IRAC colors for different .- SMEs>Starbursis=AGNS

source types __Corr.wpo_si’_re.._s. ~ F(1.2mm)/F(24pm) decreases
SMGs: wider range of B e e

e 1.2mm-detected . .
IRAC colors -
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4 AGN contribution in SWIRE/MAMB_'O,_éfqpbu,«s':»rs .

Mid-IR spectra (Spitzer/IRS):
6/8 sources are PAH-dominated with no warm
dust continuum, 2/8 show PAHs+ continuum

- an AGN might be present in 25% of the sample »

PAH6  PAH7PAHB PAH6  PAH7PAHB

Averoge (SWIRE: B sources) Averoge (B sources)
Scoled average (SMG)
(12 sources) ' Power—law =M\*

L Dlif'F.lE et al. 2007 ) | i Starburstr+HFower=|gw

(Lon'sdale,.quleTTh_'e-’r al., 2008)
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. | AGN COnﬂ"ibUTiOn- In SWIRE/MAMBOSTar‘bupsfs -

_ Mid-IR spectra (Spitzer/IRS):
6/8 sources are PAH-dominated with no warm
dust continuum, 2/8 show PAHs+ continuum

~an AGN might be present in 25% of the sample +

X-ray observations: | Radio observations:
1/4 X-ray detected with Lx=6x10* erg/s 1/3 is radio luminous and extended
X-ray luminous AGN in ~ 25% of the sample ~~  AGN-driven radio activity in ~33% of the sample -

ey ~30% of SWIRE-se.I.ec"r.e-d_z~2's’rlar'_bur'sfs contain an AGN .
v 30-% | m zZ~2 SMGS .(A,Iexdnder' et _dl. 2005; Pope et al. 2008) |
- Inmost of the cases the starburst is the main cnergy source |

(Lonsdale, Polletta et al., 2008)

) b 3 . ; ¢ . i ) . : v 8 .
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- AGN contribution in SWIRE/MAMBO starbursts

: Mid-IR spectra (Spitzer/IRS):
6/8 sources are PAH-dominated with no warm
dust continuum, 2/8 show PAHs+ continuum

~ an AGN might be present in 25% of the sample +

X-ray observations: | Radio observations:
1/4 X-ray detected with Lx=6x10*3 erg/s 1/3 is radio luminous and extended

o OT STArbursT galaxies conrtain an
the AGN is moderately luminous and obscured and contributes ~30-40% to the total luminosity

e ~30% of SWIQE-se‘I.ec"r.ed_z~2's’rlar.bursfs contain an AGN 1
vs 30-4 in z~2 SMGs (Alexander ét al. 2005; Pope et al. 2._008") ol
ks ok més‘rof the cases the : is thie main Fgy source |

(Lonsdale, Polletta et al., 2008)

- " . ) - = . Bl 5 . i ; ™
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i Star formq‘rionraTeS‘_i‘n high-z ObSCL"”ed"QS-'OS -

AGNs detected at 70 or 160pim — evidence for starburst component-

-1 1 2 -1 1 2 —1 1 —1 0 1 2
Rest-frame Log(A) (um) Rest-frame Log(A) (um) Rest-frame Log(A) (um) Rest-frame Log(A) (um) &

Starburst with L(FIR) ~ 1042132 | 5 =& SFR ~ 600-3000 Me/yr
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LA closer look aT These obscured QSOS

The bmgh’resf mm sources of ’rhe entire SWIRE/sample
2 power'ful and obscur'ed AGN and starbursts at z~3 5

L(AGN) ~ 1013 L@ & L(SB) ~ 10125132 |
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$5 St < (Polletta et al. 2008bY
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» Ultraviolet & optical rest-frame spectra
Line FWHM, flux ratios and equivalent widths 9 type 2 AGN
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* Line ratios ¥ High metallicity or shock-heated gas i i :
| | | - » . (Polletta et al. 2008b)
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*  AGN-driven radio activity: .
o feedback signature ? -
16 radio-detected sources (13 AGNs, 3 starbursts)

Radio-loud vs radio-quiet diagnostic:

q~L(FIR)/L(1.4 GHz) < 1.6 (vun et al. 2001)

AGN"dr'iven r'CldiO emission SW022550

o 8/16 = 50% are radio-" active'

SMGs z~2 (Kovacs et al. 2006)
Spitzer ULIRGs high—z (Sajina et al. 2008)
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~ AGN-driven radio ac;‘ri\):i’ryﬁ' S
o - feedback signature ? -

16 radio-detected sources (13 AGNs, 3 starbursts)

Radio-loud vs radio-quiet diagnostic:
(@

Conclusion N.3: A significant fraction of AGNs show AGN-driven moderate radio activity
¢ Radio activity might be a signature of AGN feedback (important for QS0Os?)

SW0225 | 31(T % 5

AGN"dr'iven r'CldiO emission SW022550

o 8/16 = 50% are radio-" active'

SMGs z~2 (Kovacs et al. 2006)
Spitzer ULIRGs high—z (Sajina et al. 2008)
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" FIR-mm observations of SWIRE ULIRGs at z~2 (43 AGN, 33 Starbursts, 10 Composites)
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~20-40% of obscured AGNs are hosted by powerful starburst galaxies.

s

- The peak of AGN activity is shorter than the starburst phase = more chances to detect a
. moderately luminous AGN than a QSO in a starburst galaxy
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I con qde&z‘éz astro siesta
Spem o1 Sta entralo in lesta:

: sze qualunque sia il vostro campo
senza AGN non ¢ e scampo,

»

-l che a’eglz ammasst prendi la Zempemz‘um i

0 che sulle galassie metti la fenditura; -
tu che del cosmo misuri il fondo
& 0cle guczm’z ['universo profondo;
.ty che costruiscl il rivelatore -
-0 che programmi con il calcolatore;
 tu che cerchile binarie -
0 sbright faccena’e unwersitarie;
dzAGN non St pu0 evzmre i parlare s

per p()z‘er z‘am‘z mzsterz Svelare !

-
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