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1 — 1.4 GHz source counts

mm) EMERGENCE OF
NEW POPULATION(S)
Classical RG: ~99% @ S > 60 mJy)

EE) \ATURE/EVOLUTION
Low L/high z AGN, SB, EIL

F(L) 2?2 N(z)?

SF dominates at UJy fluxes

SE.S (SI"_I JFI.S)

ETS important at sub-mJy/mJy | =
fluxes

e.g. Richards et al. 99, Gruppioni et al.
99, Haarsma et al. 00, Prandoni et
al. 01b, 02, Gruppioni et al. 03,
Sullivan et al. 04, Ciliegi et al. 05,
Fomalont et al. 06
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I — Scientific Drivers

SF galaxies:
=  SF History (z>2)
(Dust-enshrouded obj)

AGN: > Phys. Properties (FRI vs. RQ-QSO)
Faint end of RLF (F(L,z))
LDDE (Type I1 AGNs)

nnection between SFH & MBH accretion
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Il - The ATESP-DEEP1 Sample

1.4 GHz ATESP Survey: Hz follow-up:

— 26x1 sq. deg. at 6=-40° — 2x0.5 sq. deg. at 6 =—-40°

— 16 radio mosaics with uniform — 2 radio mosaics with uniform
rms flux 080 pJy rms flux 070 pJy

— 2967 sources with S > 0.4 mJy — 111 sources with S > 0.4 mJy

Spatial resolution: (110

— Spatial resolutions:
(Prandoni et al. 2000a,b; 2001)

10" = radio spectra

UBVRIJK imaging from DPS 2" < radio morphology

— 2x0.5 sq. deg. at =-40° (Prandoni et al. 2006)
- 4 WFI fields (DEEP1a,b.c,d) + SQ

U,,~25.7,B,,~25.5,V,, ~25.2,

R,, ~24.8,1,,~24.1

Jap <234 and 21.3 <K ,, <22.7 5
Mignano et al. 2006, Olsen et al 2006
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II - ATESP-DEEP1 RS Properties

Redshift Distribution: (DEEP1abc)
*ETS up to z=2 (peak at z = 0.5) -

QSO 2> 1.5<z<2.5 S
LTS = z<1
Radio Power Distribution: (DEEP1abc) o E

*ETS =10%% W Hz' (triggered by low-
intermediate luminosity AGNs)

*QSO =2 P <1072 WHz' RI-QSOs OF  rs/sB g
lower than usually found for classical z 0/ ]
radio-loud QSOs 5: . 16 %o .
‘LTS = 2/3 P <10* W Hz' (SF) S

log[P o, ] (W/Hz)

—~> Sample largely dominated (78%)
by AGN activity
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II - 1.4-5 GHz spectral index analysis

1.4 GHz: 109 ATESP 5 GHz: 111 ATESP RS

k= g os E
& a E
| S 14 G:H-p_ [mJ}’)]O (Pl'andoni et al. 2006) | ST :(mJ}f} N

IGNIFICANT FLATTENI H DECREASING FLUX
S >4 mJy -> steep spectrum (a__, ~-0.7, S ~v*)
NB: double/ext RS

S <4 mJy -2 large fraction of flat spectra (a > -0.5)
{ 3% at 5 GHz [0~

'med

0.29
+ significant # of inverted spectra (o >0) 29% at 5 GHz

NB > expected flattening of 5 GHz counts at S ~ 0.5 mJy
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Il - ATESP-DEEP1: Radio Spectra Analysis

Radio spectral index vs R (DEEP1abc+d)

most o > —0.5 sources = high R
[R>1000 = powerful RG and QS0]

spectral index

o>—-0.5 & low R 2> ETS

=]

[RS probably triggered by AGN]
LTS/SB = steep sources ST T

[as expected for synchrotron em. in
gal. disks or in nuclear SB]

spectral index
I
®
®
®

redshift
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II - ATESP-DEEP1: Flat spectrum ETS

AGLH * ETS *LTS/SB

Q Upper limits

() Double/Extended RS S

1 10 100 22 24 26 28

DEEP1abc: d (kpe) P oo (W/Hz)

39 ETS - 24 with flat/inverted spectra
*  Typically compact (<10-20 kpc)
e P__. ~1022WHz' (+ ETS spectra) 2> FRI class?

eaaw-puvsi

BUT: FRI larger and steep
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II - ATESP-DEEP1: Flat spectrum ETS

compactness + flat/inverted spectrum

=2 Sinchrotron/free-free self-absorption
*similar to so-called Low Power Compact (LIPC) RS?

(P 45 v, < 1055 W Hz!, see Giroletti et al. 2005)
composite sub-class of FRI: Low-P BL Lac; jet instability; frustration

* young sources? But GPS 2> p , ., > 10 W Hz'
ciency (ADAF/ADI LLAGN?

But typically P ., <10** W Hz' (eg. Doi et al. 05)

unless ADAF+jet = higher P and still flat/inverted spectra
(eg. Falcke & Biermann 99) -2 further analysis needed
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I — Modeling the sub-mJy sources
A - Classical RL-AGNs = pure lum. ev.

> steep/flat (e.g. Dunlop & Peacock 80)
SFRI/FRII (e.g. Willott et al. 01, . 1.4 GHz Source Counts
Clewley & Jarvis 04, Sadler et al. 06) F e ‘Sh;'":; ]

B - SF gals, = pure lum. ev. [ @ ATESP

L ELAIS N + N2 deep

> local F(L) + L ~ (1+2z)? p~3 F  Elass
(e.g. Condon 89, Saunders et al. 90, 8 + HDF-North (2006)
Machalski & Godlowski 00, Yun et. Al 01,= o \;;i-vmmos
Sadler et al. 02) TE ol {; PDF Deep
RQQSO: (see Kukula et al. 1998) =
=
RS 2> compact & steep (<<10 kpc)
22<log(L; 4Gu,)<24 '
host galaxy - disk/spheroidal
(em. line spectrum) e
10! L m I |
LDDE (Jarvis & Rawlings 2004): " v S {;n Iy) N v

- largest component at z<l
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|

§ME D g o |)22 / \\ _
Models (Both Radio & Optical): : = P = _:
E 005 E s . /‘,4 1
‘Radio Galaxies & QSO | c __
(Steep + Flat) i |
‘Ev. (post-)SB & normal ' I aam \ -
§pirals goj_ (l D_]S-’I_' Tt I__I | 'g IDI'_I T | rr:y T ] _
ATESP-DEEP1 (0.75 sq.degr.) ]
General agreement between data | s> » ENS

and models ,x k

— i

At S>0.4 mJ & I<23.5 nO eVidence Of a 1Il _1;—'-_1.3 14 15 16 17 18 19 20 21 22 23 24 2_5

ROAGN component mag(1)

| ATESP-DEEP1 (0.75 sq.degr.)
- S>05mJly

Component of flat-spectrum ETS
deserve further analysis
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III — Implications for Deep LOFAR Surveys

0.001 0.01 0.1 1 10 100 1000 10*
1 1

Why LOFAR?
> Large FoV (1.5 sq. degr/station @ 240 MHz)
=2 large statistics to better constrain models:
) ev. of SFGs at high z (>2)
b) ev. of AGNs (LDDE)
> Low freq, Selection
=> steep sources (SB)
> Low freq. coverage

= radio spectra in a scarcely explored freq.
range (effects of ff-abs in nuclear SB and
flattening of AGNs at S<l mJy
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0.8
0.7
0.6
05
D4
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III - Model Predictions for Deep LOFAR
Surveys

In 1.5 sq.deg. (Pr. Beam @ 240 MHz) < 2 10‘ RS (100-km LOFAR conf. Limit)
4000SB @ z>2 400SB @ z>4
3000 AGN @ z>2 40 AGN @ z>4

= Deep optical-follow up feasible! e
26 R : IR | ' I ' I T I ! I T

sl ‘ I: l \ ________}n:ﬂ_n_1_95_35_>___'

= SB ggd A! ;!h!l i | year ;

| _______VLA=z000 T

- > Hich spatial resolution important 3

o LOFAR

.~ >E-LOFARstronglyneeded







INAF - ISTITUTO DI RADIOASTRONOMIA I. Prandoni — April 2007

III — Comparison with models

AGN: 1) Radio Galaxies associated to Early Type Galaxies:
RLF from DP90 (PLE model for Steep sources, smooth decline at z,, ~2.4)
Passive optical evolution for Ellipticals from Poggianti (1997)

2) Flat AGNs showing Syl or QSO optical spectra:
Optical LF for QSO objs (PLE model of Boyle et al. 1988,1991,z . ~2)

RLF from the W(R) function assuming 5% of Radio-Loud (Schmidt et al. 1995)
SFG: 1) Late Type Galaxies (normal spirals) &

2) Starburst and Post-Starburst Galaxies:
Local RLF (Sadler et al. 2002): 1/2 for (post-)SB and 1/2 for Spirals

+ PLE = L~(1+2)*! (z,,, ~2, see Hopkins et al . 99) for (post-)SB
+ No Evolution for Spir

Passive optical evolution from Poggianti (1997): Sc for (post-)SB, Sa for Spirals
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III — Composition ¢«

©4 0 ° F:.__
> ev. of Low-Lum AGNs =
> extrapolation of Local LF =

5 oz —0.78
m._22-1|2:5125522||'.
= 2|
il | ¢ DA o
e ]
= | | .0
> LILAGN 2
g < Lo
= & L]
=3 L] -
L g © Local Group . B ) _ _f
Eu: L O Palomeaer AGN
- ® Mikn Zeyferis
& LCiA Seyierts
BL . . L N N
16 18 20 2
log |..,.,_d;,:. (W/Hz}]

Nagar et al. 2004 (2)

Nipoti & Binney 05

Sadler et al. 2002

-~ i .
/” . \,\
& . t
.ff “‘.
4 K X
/
Turn-over at P, , ~10 W Hz'
; '3
! &
/
l" ]
' it
' '
|.; i ."I
1l
Ir. -*‘ |
."I )
l|l
/
34 36 a8 A0
| ) .-"‘r’ W FE T O 1 \
OE4p |at_,:ff W\CTES S )
T
Y
x__
t \
N,
& .
24 =0 22 24 o8
- [ f T, 1
li’gm 1.4 '\W Hz }'




INAF - ISTITUTO DI RADIOASTRONOMIA

I. Prandoni — April 2007

III — Composition of the Faint Radio Sky

NanoJy Radio Counts
> A) AGN LF abruptly truncated
at:
P, ~10® W Hz'
> B) AGN LF does not flatten

down to:

P, ~10"* W Hz'

n §*° (sr7t Jy'®)

1000 F

100

10 E

Windhorst et al. 1990
aFIRST
Lockman Hole
oA TESP
ZELAIS N + N2 deep
«ELAIS S

OVLA-VIRMOS
L PDF

PDF Deeg
gmh XM
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Figure 6:

Simulated Composition of
the Faint Radio Source

=1
Population as a function of 2 s
flux &
Two redshift ranges:
i IIIIIiII - i ilIiIIII (- iilild i Illiliil T ] | T
a) Z<1 III?IZII.IIZIIEI‘I o.M 0.1 1 10 100 1000 10*
b) z>1 log(s) (wdy)

Models:
Radio Galaxies
AGNs (Syl & Sy2)

fraction

Non eVOIVlng Splrals 0.001 0.01 0.1 1 10 100 100D 10*

log(s) (udy)
Starburst and post-SB : ’
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I — A Radio Quiet Component

hard X-ray LDDE LF Ueda et al 2003

log(L,)=-4.57 + 1.012 log(L, ,cy1,)
Brinkmann et al. 2000

{1 RQQ Radio 1.4 GHz LF

PRI ——
FRII 10000 = dN/dz

[¢ / Mpc™ (ALog L))

1.degree
} :
1
/
/
/
//
Xn‘
/

N, L R i

L Y K W
bl -
S

[y T

Kukula et al. 199§ 9 N
radio em. from optically selected RQQ (M <-23)

RS > compact & steep (<<10 kpc, a, 3 ~-0.7); 22<log(L, ,;y,)<24

host galaxy = disk/spheroidal (em. line spectrum)

| Redshift
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I — Optical follow-up

Sub-mJy population very ELUSIVE! Updated to 2003

: FIHST
o1 - S>1mdy

: [<18
0.05

oo but in the last years, evolvmg plctur.
> developement of photometric techniques

fraction
fraction
o

=
=]
o

> deep spectroscopy surveys
» coordinated multi-\ observational efforts

Il\ ya J
\Cogo g 9 ) )

Prandoni et al. 2004

INCOMPLETE OPT. ID. (tipically 50-60%)
More severe for OPT. SPECTROSCOPY
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II — Opt. Identifications & Redshifts

Opt. Identification & Phot-z Derivation:
In DEEP1abc_-> 85 RS catalogued at 1.4 and/or 5 GHz
= 66 identified to 1~24 (77.6%)
=» 58 with I <23 > mag-limited complete sample
=>» 55 of 58 > redshift determination (95% success rate)

14 spectroscopic + 28 photometric

39 ETS (Ell, S0, Sa) 2 6711 %
9 LTS (Sp, SB) 2> 16£5%
7AGN (QSO,Syl) = 12+5%
3 UNCL 2> 5£3%
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I — Aims of present work

Observational characterization of

mJy/sub-mJy population

We exploit_deep multi-band optical data (UBVRIJK

images + spectroscopy) & multi-frequency radio
observations (ATESP 1.4 & 5GHz)

ATESP RS: 0.4<S<4 mJy -> ideal to study the low-luminosity AGN
component and infer its physical properties & evolution:

»>low/high accretion rates? (FRI vs. RQQ)

»lower L. AGNs peak at lower z?

INB: LDDE recently found for opt/X-ray AGNs Bongiorno et al. 07;

Ueda et al. 03; Hasinger et al. 05] see also Vigotti et al. 03; Cirasuolo et al.
06 for radio AGNs
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Future Work

1 Set other observational constraints:
- R/O ratio, opt. Colors, radio spectral index, radio sky Th, etc.

dUpdate Models:
- new QSO LFs (2dF, SDSS, FIRST, etc.)
- new optical models with particular respect to SBs (e.g. GALAXEYV)

 Introduce new Classes of objects that could be important at nJy levels:
- radio-quiet QSO

- transient sky = e.g. single SN events

L Check Robustness of Results by respect to Models

Simulate images with resolution effects, dynamic range effects, etc.
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II — The DPS: opt/NIR imaging

* The ATESP 5 GHz region imaged in several optical/NIR passbands as
part of ESO Deep Public Survey (DPS) ATESP - DEEPI1

* DPS - three 2x0.5 sq. deg. regions (DEEP1, 2, 3) in southern sky

* DPS optical (UBVRI) 2 WFI camera at the 2.2mt ESO telscope

*The DPS in the near-IR (J, K) = SOFI camera at NTT

e Typical depths > U,, ~25.7,B,,~25.5,V,, ~25.2,R,, ~24.8,1,.,~24.1
Jpg<23.4and 21.3<K_ ,,<22.7

Efl_"-:_‘.-:;]l-::]r"ﬁ DEEF.I > N b . 6

DEEP1b DEEPI¢ || DEEPld

St T 1
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Il — The DPS: near-IR imaging

e The DPS in the near-IR (J, K) = SOFI camera at NTT

e Observations in K-band (K, ,; < 21.3) for ~_1/2 the area
covered by the optical survey (eg DEEP1a+b)

* For more limited region 2>
Jg <234 and K, <22.7 NIR images available

(eg. central regions of DEEP1a+b)
Olsen et al. 2006
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Summary & Open Issues

J AGN component largely dominates at S>0.4 mJy

 We find a flat-spectrum RS component associated to ETS, which deserve
further analysis

W If such component is AGN-driven = more plausibly related to FRI class
(low efficiency) than to a RQ component (high efficiency)

J We find general agreement between data and models (RL-AGN + SFGs)
but statistics still limited
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II — Overview of opt/NIR surveys
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INAF - ISTITUTO DI RADIOASTRONOMIA

I. Prandoni — April 2007

II - UBVRIJK Data Completeness

FIELD

PASSBAND

SEEING

m,  FIELD  PASSBAND SEEING m,,
DEEP1a U 1.4 253  DEEPIb U 1.2 24.6
B 1.4 25.9 B 1.4 25.7
\% 1.0 25.8 \% 1.3 25.4
R 0.9 25.7 R 1.3 25.3
1 0.9 23.8 I 1.0 24.2
J ~0.7 ~22.2 J ~0.7 ~22.1
Koy ~0.7 ~20.1 Koy ~0.9 ~20.2
K.  ~13 ~19.6 K, ., ~09 ~19.4
DEEPIc¢ U 1.1 251 DEEPId | 22.5
B 1.3 26.6
\% 1.3 25.4
R 1.3 25.3
1 1.0 24.2
J
K

shallow

— - > -

EIS-WIDE imaging data

___,__‘tary data (Mignano PhD Thesis)

Data reduction in progress
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III - Open Issues

Conclusions:
> AGN component largely dominates at S>0.4 mJy
> large fraction of RS associated to ETS show flat/inverted radio spectra

=> most plausibly low efficiency accretion systems, but further analysis
needed

> No evidence of RQAGN component at S>0.4 mJy
> Standard models of RL-AGN + SFGs fit data reasonably well

needed to better constrain models & derive AGN F(L,z)

> Largest model uncertainties due to a) ev, of SFGs at high z (>2)
b) ev, of LLAGNs
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III — Implications for Deep LOFAR Surveys

» According to current observations and models:

M&(umm and thelr radm evolution (SFH _a z>>1) should

=> Large FoV (1 sq. degr @ 240 MHz = several thousands RS)

> Low freq, selection would clean the sample from flat-spectrum AGN
component (note spectral flattening at S<1 mJy)

Feasibility:
@ 240 MHz < S, ~0.4 — 4 nJy (thanks to step spectrum of SFGs)

not feasible with 100-km LOFAR (confusion limited)

but feasible with E-LOFAR: 400-km LOFAR = S_ .~5 uJy @ 240 MHz
or 1000-km LOFAR =2 S ~1 uJy @ 240 MHz (sensitivity limited?)
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III — Implications for Deep LOFAR Surveys

ne [ T T T T [
L — Sooso e = 10wy -
L —— Soomme - 1 Ky \\.\
i < ?
5 S ziomz > 1 KdY \ \
E 0.1 + free—free abs.
il
=
0.05 | N ]
i

0.05

NB: also sub-mJy AGN component would benefit -

of high (sub-arcsec) spatial resolution

05
redshift

A

=
@
=
f

@

o
(e}

0.2

- Hopkins et al. 2004

D.4 0.6
log(1+z)
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II — Optical spectroscopy

* ESP redshift survey (Vettolani et al. 1998):

complete spectroscopy for galaxies with b <19.4

* DEEPI1c and d (overlap with EIS-WIDE, Patch A, Nonino et al. 99):

complete spectroscopy for galaxies with I1<19

Prandoni et al. 2001b

+ sparse NTT/VLT spectroscopy for gals with 19<I<22.5

The ATESP-EIS Sample:

* 219/386 RS identified (57%) to I = 22.5

* 70 Spectra for all optical id with I <19.0
+ 28 spectra at 19 <1 <22.5

Deel,

-38.6

ATESP 1.4CGHz + EBP (8° x 17)

-40

—40.5

E 2'1:':]5

?/Fah

ATESF' 5 GHz +

22:67
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II - ATESP-DEEP1 Sample Composition

Composition of the ATESP-DEEP1(abc) complete sample: l
1<23.5 > 58 RS Prandoni et al. 01b
0.05 0.1 8 0.5 1 2

39 ETS (EIL, S0,Sa) > 6711 %
7AGN (QSO,Syl) > 12+5%
9 LTS (Sp, SB) > 16+5%
3 UNCL > 5+3%

Comparison with ATESP-EIS:
I<19 = 70 RS

49 £ 8% ETS

9+3 % QSO 14 6 18 =20 =22
438 % LTS

- UNCL ‘ AGN/ETS dominate @ high R
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II - ATESP-DEEP1: Flat spectrum ETS

Caveats: a) o from non-simultaneous obs. =2 variability effects
b) only 2 freq. available

= Multi-freq simultaneous obs. needed to confirm spectra

NB: high freq. data (>10 GHz) needed to discriminate ADAF from more
conventional accretion schemes

> A flux-limited sub-sample of 15 ATESP-DEEP1
ETS with S>0.6 mJy has been proposed for 20/13, 6/3
cm and 12 mm quasi-simultaneous obs at ATCA

In May 2007 time allocated for 6/3 cm and 12mm obs.
S ) vs may sk ak to cm A (Quataert & Narayan 99)
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Figure 7:

Simulated Composition of
the Faint Radio Source
Population as a function of
flux

Two magnitude ranges:
a) <23

b) I>23

+ Dust effect

Models:
Radio Galaxies
AGNs (Syl & Sy2)
Non evolving Spirals
Starburst and post-SB
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Comparison Samples

A number of surveys at the mly, sub-mly and pJy level have been performed,
which can provide important boundary conditions to any modelling of the radio
sky.

The radio counts are constrained by using all the samples available in the literature.
We then focused on samples with optical spectroscopy follow-up to get constraints
on the redshift and magnitude distributions of the sources. In particular we refer to
the following samples: FIRST (Magliocchetti et al. 2000), ATESP-EIS (Prandoni et
al. 2001b), PDF (Phoenix Deep Field, Georgakakis et al. 1999), MF (Marano Field,
Gruppioni et al. 1999), B93 (sample collection studied by Benn et al. 1993), H0O
(Collection studied by Haarsma et al. 2000). The relevant information for these
samples is listed in Table 1. Radio fluxes refer to 1.4 GHz and optical magnitudes
are given in I band.
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Table 1 — Comparison Samples
Sample FIRST ATESP-EIS PDF MF B93 HO00
- S, (mJy) ~1 0.5 02 0.2 0.1  0.025
- Area (sq.degr) 6.3 3.0 3.0 0.36 1.1 0.044
-N,, 386 365 938 63 523 77
- mag(I)ﬁm (spectroscopy) 18 19 20 22 21 23
-N,, 38 70 228 29 72 25
N, (expected from models) 5477 570 1311 157 1194 126
- %SF (expected from models) 8 17 30 30 47 63
- %AGN (expected from models) 92 83 70 70 53 37

NB: SF = Spirals + (post-)Starburst; AGN = Radio Gals + AGN:gs.



r@ CNR ISTITUTO DI RADIOASTRONOMIA INAF

Observational Constraints ik

1) Radio Number Counts

The models can fit the observed number counts within a factor of 2 along the entire flux range
spanned by the counts (40 pJy — 1 Jy).
2) The total number of sources in the given samples
The observed and modeled N, , values agree within a factor of 2.

The larger values expected from the models are in part due, at least to incompleteness present in
the real samples.

3) N(z) at different limiting fluxes
The models can trace with good accuracy the redshift distribution of the sources in the given

samples. Unfortunately, the optical spectroscopy follow-up of faint radio samples is severely
incomplete and therefore models can be constrained only at low redshifis.

4) N(m) at different limiting fluxes

The models can trace with good accuracy the magnitude distribution of the sources in the given
samples. Again, incompleteness in the optical follow-up allows us to probe our models only at
Qrzg%z magnitudes.
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Figure 1: 2
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II — Photometric z derivation

* Results:

*66 1denti

a) z,,.. available - 14 i
*Used H; b) (or reduced y2<1) ->
types and ¢) low P(z) (or reduced ¢?>>1) - additional analysis 2 13 (5 with no JK) |’
*Used def d) failed > 11 [typically faintest objects: 6 I>23.5 + 2 only NIR)] |
In additi 3 deblending troubles
(Richards * 55/66 (83%) = z,,,,  NB: for DEEP1c only UBVRI |

* 55/58 (95%) in magnitude-limited complete sample (1<23.5)
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A
Flgure 2: N(z) for the samples listed in Table 1

Models & Data: Radio Galaxies + AGN
Starburst, post-SB + Non evolving Spirals

All classes
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Flgure 3: N(m) for the samples listed in Table 1
Models & Data: Radio Galaxies + AGN - SB, post-SB + Non evolving Sp - All classes
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Flgure 4: N(m) for the sample HOO (see Table 1)

Models & Data: Radio Galaxies + AGN - SB, post-SB + Non evolving Sp — All classes

We show also sample objects with measured redshift but not clear classification:
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IL FUTURO DELLE SURVEY RADIO
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I. Prandoni 09-01-04
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IL FUTURO DELLE SURVEY RADIO

Follow-up ottico completo:
- Identificazioni: 1<22 ~50%
<26 ~80%

- Spettri: <50% al

linn

Deep redshift surveys (VIRMOS)
mmm) Deep Multicolor Imaging = redshift fotometrici
(ATESP5)
ALMA = z per SB distanti
=2 <0.1” <=><1kpcaz>1

I. Prandoni 09-01-04

telescopio 4m
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1 — 1.4 GHz source counts

SHARP STEEPENING
@ S<1 mJy

!

EMERGENCE OF NEW

POPULATION(S)
RL-AGN ~99% @ S > 60 mJy

ngl B?

=> Early-type gals
important at sub-mJy
fluxes

I. Prandoni — April 2007

1|:||:||:||: T T T T

L"-’ =
; ) s‘ -]
=] g - -
Hopkins et al. 2004
0 02 o4 . 08 08
log(1+%)
1 & s -7 =
- e o7
K - -7
i Ve
[ ,/"‘/ .
-
T
10! — el n Ll
10 0.1 1 10

100



INAF - ISTITUTO DI RADIOASTRONOMIA

I. Prandoni — April 2007

I — The sub-mJy Population

=> Early-type gals
important at sub-mJy
fluxes

NATURE/EVOLUTION
[Low L/high z AGN, SB, Ell.]

F(L) 2 N(z)?

See e.g.

Richards et al. 99, Gruppioni et al. 99,
Georgakakis et al. 99, Haarsma 00,
Prandoni et al. 01b, 02, 04
Gruppioni et al. 03, Sullivan et al. 04,
Ciliegi et al. 05, Fomalont et al. 06

(3
Prandoni et al. 2002
T [ [ L T [ [ [ |=
100 § 100 ¢
= 10 I = 10 I
E : E :
£ ] -
i3 1 is 1
= -
] ]
0.1 01 E
0.01 0.01
100 E 100 E
E 10 I E 10 !
E : E :
2 I 2
z 1 z 1
et F -+
w1 - vl R
01 E 01 E
0.01 0.01

Y
R>R* > AGN/ETS
R<R* > SFGs
R* = R*(2)
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I — The sub-mJy Population

B+ RIBUTION TO 1.4 GHz
ELAIS S Gruppioni et al. 2003
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=> Nuclear processes dominate @ S > 0.5 mJy?
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I — Optical follow-up

rea (degr?)

1.4 GHz sub-mJy samples: optical follow-up
Updated to 2004 1 T T T T T T T T
1.4 GHz surveys I HDF+HFF
_bB -
1o’ r g
P LBDS MF ]
NVSS 5 06 u ]
F ATESP-EIS
& POF+PDFS
10* S ~

... but in the last years, evolving picture:
» coordinated multi-A observational efforts
> developement of photometric techniques

1000

10

(e.g. Phoenix Deep Survey, VVDS, COSMOS,
| i PDFS = LH DBS’ etc ) ] 0

0.1 — HEII.:+H':.F 1 | o | o _§ limiting magnitude (1)
Fom o () INCOMPLETE OPT. ID. (at most 70-80%)

MORE SEVERE for OPT. SPECTROSCOPY



Abs. Magnitude (I Band)

* N vs Abs Mag (1)

Qso
20 -25 -a0
|

* ETS (typically red)
* QSO =-> brighter
* LTS - blue
* SB -2 blue
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II - ATESP-DEEP1 RS Properties

Redshift Distribution: (DEEP1ab)
*ETS up to z=2 (peak at z = 0.7)
‘QSOuptoz=35

*L'TS up to 0.5

Radio Power Distribution: (DEEP1ab)

*ETS =10%% W Hz' (triggered by low-
intermediate luminosity AGNs)

*QSO - P <10 WHz!

lower than usually found for classical
radio-loud QSOs

‘LTS = 4/5 P <103 WHz' (SF)

—~> Sample largely dominated (78%)
by AGN activity

Log[P] (W/Hz)

ETS

18 20 22 24 26
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I — The sub-mJy Population

nol B? — — Plrandolni et all. 200]2

Prandoni et al. 1o . 100 |
0.05 0.1 “ 0.5 1 = o L = ol
. E : g -

é 1 '5' 1

” 0.1 4 01 E
0.01 0.01
|
100 f. 100
= 10 ‘J% o = 10
1 Sl

4 Early-type gals 1mp0rtant at sub-mJy fluxes

- » > Selection effects explain discrepancies among
sub-mJy samples

SF dominates @ low R
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fraction fraction

fraction
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I — Optical follow-up
Sub-mJy populatlon very ELUSIVE! Updated to 2003

|_ FIFIST v rlf/lr ' 'l'gﬂ_i t'lfl'lfl‘fr‘1'r'1'|'r'/&'l'|'r‘:l
FIRST
o1 - S>1mdy
Tt <18

fraction
fraction

D05 [

ATESP-EIS

... but in the last years, evolving picture:
> developement of photometric techniques

fraction

fraction

> deep spectroscopy surveys
»coordinated multi-\ observational efforts

(2. PDS, VVDS,-COSMOS, DPSete)
INCOMPLETE OPT. ID. (tipically 50-60%)
More severe for OPT. SPECTROSCOPY
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I — The suh-m.Jv Panulation

26
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|

) 7 -

'Y FUNCTION

,ﬁ"\‘ e 0

L
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A
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"ol

NATURE/EVOLUTION
[Low L/high z AGN, SB, Ell.]

F(L) 2 N(z)?

Redshift % See e.g. Richards et al. 1999, Gruppioni et al. 1999,

. Georgakakis et al. 99, Haarsma 00,
> SFG dominate at S<< 10 Prandoni et al. 2001b, 2002

mlwm_ Gruppioni et al. 2003, Sullivan et al. 2004,
Ciliegi et al. 2005, Fomalont et al. 2006

[ E “].4 WA ]

Sadler et al. 2002




INAF - ISTITUTO DI RADIOASTRONOMIA I. Prandoni — April 2007

Fegion: DEEFT1a
Region: DEEP1E
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II - The ATESP SURVEY

eoATESPSGME
ry  Ciliegi et al. 2003
'F . Fomalontetal 1981 T 2 I : E
m  Wrobel & Krause 1920 H -
Donnelly et al. 1987 ] iy
ﬂ _ | S GHz ATESP Survey:
YE i £ bl 1 — 2x0.5 sq. deg. at &=—40°
z it ﬁ R | — 2 radio mosaics with uniform
= I*-'ET % : rms flux 070 pJy
R f [ | — 111 sources with S > 0.4 mJy
| | — Spatial resolutions:
_ [J10" > radio spectra
O ! I 02" = radio morphology

0.Mm 01 1 10 100

S (mly) (Prandoni et al. 2006)
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III — Comparison with models
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OBSERVATIONAL CONSTRAINTS

1) Radio Number Counts

2) The total number of sources in the given samples
3) N(z) at different limiting fluxes

4) N(m) at different limiting fluxes

Also dust effects explored
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III — Comparison with models
Models: 045 T T T T T =
i ATESP-EIS (3 sg.degr.)
‘Radio Galaxies & QSO S ot o £
(Steep + Flat) £ oos |
*Ev. (post-)SB & normal P =¥
Spirals 05 _ ATlESP—EIS(B sq.degr.) _ ]
~- L o ncmy E .
General agreement between data 1N
and mOdelS sq.degr. wlith IJM ilrniEu;;ilng | i _; g
At S>0.4 mJy & 1<23.5 no evidence of a =

ROAGN component

Low-accretion/radiative efficiency most
lausible scheme for flat- rum ET

=

...........

01 0.5 1
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I — Aims of present work

Observational characterization of
mJy/sub-mJy population

We exploit_deep multi-band optical data (UBVRIJK
images + spectroscopy) & multi-frequency radio
observations (ATESP 1.4 & 5GHz)

ATESP RS: 0

component ant  pu gdinaton et al. (2000):

> low/high acci only study of sub-mJy radio sample aimed at deriving
the ev. of AGN RLF

»lower L. AGN I,
[NB: LDD Indlca.tm.n for lower L. AGN to peak at lower z, but
poor statistics
Ueda et al. |

06 for radid




