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Talk Outline

THE DATASET

* The XMM-Chandra/SWIRE Survey
* Description of the XMM Sample

RADIO PROFPERTIES OF THE XMM SAMFLE

* Criteria for iclenthcying AGN-driven radio ac:tivitg

* Fraction of sources with AGN-driven radio
activitg

* Some exam lCS O{: cculiar sSources
P P

SUMMARY & CONCLUSIONS

Astrosiesta, 7 Oct. 2010




OPen Questions & Objectives

= Star Formation TEE DA
« AGN driven emission from sources close

QUASAR or BRIGHT MODE | EE)  to Eddington limit (EFFICIENT
ACCRETION)

(e.g. Di Matteo+05) . X~rag bright sources

« Mechanical Origjn

RADIO MODE B) - INEFFICIENT ACCRETION

e Jets on small/ |argc scales
(e.g: Croton+06) « Outflows and winds

How to discriminate between « X-RAY OBS. (ACCRETION)
Accretion Modes? * RADIO OBS. (JETS)
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The XMM-Chandra/SWIRE Survey
in the Deep SWIRE Field

% Lockman Hole North
< RA =10h45™ DEC = 58°58’
< Area: 0.2 dcgz

VLA @ 90 and 20 cm (IZMJ3@50)
GMRT @50 cm
MIPS @ 24, 70 and 160 pum
IRAC @%.6,4.5, 5.8 and 8.0 um
UH/UKIRT J, H, K
| A\ @) Ug}‘iz
GALEX @ FUV (1500A) and NUV (25004)
Chandra @ 0.3-8 keV (3 bands)
XMM @ 0.3-10 keV (5 bands)

J ) J J
0’0 000 0’0 0’0

XS

*%

GREEN 2-4-5 keV

K/ K/ )/ )
0’0 000 0’0 0’0

(Polletta et al. 2006; Owen at eal. 2008; Wilkes et al. 2009)
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The Sample

* 9% sources with Chandra counterpart

* 71 with spectroscopic z

* 24 with photomotric z

* All detected in Optical and/or Infrared (IR)

* Count rates and fluxes in 5 bands
* 3 Hardness Ratios
* N, estimated from Xspec or HR

FUV-Mid IR Spectral Energy Distribution (SED)

| AGNI
m SYI
| AGN2
m SF

58% UNOBSCURED

58% OBSCURED

N Unclass.
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Criteria for iclenthcging AGN—driven radio activity

¢ @,4<0.21: Radio Loud (RL)/ Radio

9
=L.0g(Frirr/Froem) - Intermediate (RY)
475N 2o 20 " * 0.21<qp4<1.45: Radio Quiet (RQ)

* Qs> 45: Radio Weak (RW)

(AppletorﬁO‘%)

< RQ-AGN >

@050 (S5, V%)

* & 5050 <0.10: Inverted

* 0155 0 5 50<0.5: Flat

* 0.5< ;50 <l.1: Stee

* &y 50210 Ultra Steep

inverted

flat

steep

spectral index

ultra-steep
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Radio ProPert:ies of the X—-Rag Sources

Inverted

Ultra—Steep
P

i TR

ltra—Stee

Effective Log(N,) (cm™)

* Ma\lﬁori’c with STEEP sPcctra (51%), onlg 7%
with INVERTED spectra. * Inverted sPec’crum sources tend to be absorbed

* RW and RI/RL have steep/ flat spectra and obscured.
* ULTRA-STEEP spec. sources mostly RW or * Steel:)/ ultra~steel:> spectrum sources tend to be
in between RQ/RW class. unabsorbed and unobscured.

* INVERTED spec. sources are RQ
Opposite to UM expectations
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Radio Emission Mechanisms

INVERTED/FLAT
RADIO SPECTRA

SyfEIEF
RADIO SPECTRA

ULTRA-STEEP
RADIO SPECTRA
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. Sgnchro-SehC Absorption (SSA): abs. intrinsic to radio
source, originating in presence of oPtica”9 thick P[asma.
* Free-Free Absorption (FFA): origmating In compact
sources (clustg torus,).

* SN explosions in star Forming regions in RQ AGN and
SF galaxies.

. OPticang thin sgnchro’cron emission, from extended
sources in RL AGN.

. OPticang thin s?nchrotron emission from radiative
losses of agjing electrons, associated with relic of past
radio activitg.




AGN-driven radio emission

e Radio (R1)/ Radio (RL) (qz+<O.ZD: % sources (excess
of radio emission in the host due to the AGN).
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ARL, Flat SPectrum Source

XMM ID: 203

AGN2
(Obscured)

Absorbed

1077 10° 107
Observed A (um)

e RL

« Slightly
extencled

e Beamed Q5S0O7
« Obscuration
From host

galaxg?

Radio emission indicative of Sgnchro-SelF Absorption
occurring in a et
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AGN-driven radio emission

e Radio (R1)/ Radio (RL) (qz+<O.ZD: % sources(excess of
radio emission in the host due to the AGN)

o radio SEec’crum (O 5050=0.5): 25 sources (sgnchrotron
emission 1Crom oPtlcang 10

ick Plasma)
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An Inverted SPectrum Source

1

1

1

10°

10?2

10*

Observed A (um)

10°

 Extended
Source:
3.8"%x2.2” (12x6.9
l(PC)

« AGN driven
radio emission

» Radio Weak

Free-Free Absorption responsible for inverted sPectrum? UNLIKELY, since
source is extended. Self-absorbed synchrotron emission more likely.
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AGN-driven radio emission

. Radio (R / Radio (RL) (q24<0.21): 3 sources(excess of
radio emission in the host due to the AGN)

- radio SEec‘crum (0y050=0.5): 25 sources (sgnchro’cron
emission From ol:)tlcang thick Plasma)

radio size (>3"): 2 sources (racho source more extended than

the host l kelg a Je’c or lobes)
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Extended Radio Source

48

s Extended:
5.4 (45‘<Pc)
« AGN driven radio

emission
« Radio Quiet

Absorbed
O{ 20350=O.5+
Nt

1072 10° 102 10* 10°
Observed A (um)
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AGN-driven radio emission

. Radio (R / Radio (RL) (q24<0.21): % sources (excess
of radio emission in the host due to the AGN)

. radio SEec‘crum (O 5050=0.5): 25 sources (sgnchrotron
emission From ol:)tlcang thick Plasma)

radio size (>3"): 2 sources (racho source more extended than

the host l kelg a Je’c or lobes)

There are 29 sources (38%) with AGN-driven radio emission!
Most of them are Radio Quiet AGN, are

absorbed in the X»—rags and show Iarge radio sizes.
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A signiﬁcant number of Radio Weak sources

e Radio (RW) sources (q24>]."r§): 7 sources (9%).

or

of mid-infrared emission from the clustg torus.

of radio emission due to the absence of a racliojet
or core or to the lack omc SN explosions as in the case omc a
nascent starburst or a galaxg with no active star formation.
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A RW with StecP Radio SPectrum

XMM ID: 61

/

AGNI Il - Radio:
(Unobscured) synchrotron

e p=2.2” (10.6 kpc)
e Lobes/bubbles?
» Radio Weak: no
SIFH

a zo,5o=o~7

10° 102 10*
Observed A (um)

Wea|< racllo emission: nucleus+host } ,
, , Sgnchrotron From e that are coolmg
weak radlo sources and host radlo OR . , ) .
. , down, as in rellc racllo acttvntg
emission much Famter than exected

(e.g. Barvainisé&Lonsdale 98)
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RW with Ultra SteeP SPectrum

XMM ID: 137

. Compact Source
\ e | obes/jets?

Unabsorbed » Radio Weak

& 50507151 ﬂ

l A l A l ' l L —

10° 102 10* 108
Observed A (um)

Sgnchrotron emission from electrons which are cooling down due to the lack
of a reacceleration mechanism.

(e.g. Barvainisé& L onsdale 98)
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Radio Semimajor Axis Distribution

e Indicator of AGN-driven activity

« About half of and radio
spectrum sources are >3").

jets (?)

* Most and ultra~steep sPectra
sources are (<3™): radio from
comPact cores, sma”jets or host

lncreasing radio size as the
radio spectrum flattens !
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5ummar9

. of a sample of 95 X~R?]H detected AGN in the Lockman Hole
Northern field (aka Chandra/SWIRE, or eep VLA field) .

« AGN-driven radio ac’civi’cg identified through the parameter, radio sPectral index
,and the radio source size.

(X~Ra9 Bright) AGN are most|9 with tgpical radio
spectra and contain onlg a :

* Large fraction of sources with . The main emission
process IS sgnchrotron radiation Produced bg optic:a”g thick Plasma (SSA) inan
extended structure. The small fraction of and the large values
suggest Possible selection effect against radio faint objects In Previous studies.

. Signiﬁcant number of with steep radio spectra and associated
with unobscured AGN.

spectrum sources are mostlg ancl
spec:trum sources are mostlg ancl
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Conclusions

and might correspond to
of an AGN lifetime and be triggereé and fuelled ]39 ditferent

environments.

. sources might rePresent a Post~1ceeclbac\< Phase wl’)ere the
radio emission is the

* Evidence of and radio spectra cluring the
Phase and radio weakness and steep radio spectra cluring the
unobscured Phase. The Plasma responsible for the rac[:i)o emission is at first
(flat spec’tra) and (small sizes) and then opticallg
thin (steep sl:)ectra) and extended (large sizes).
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