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* Galaxy/AGN co-evolution.

* Why radio observations are useful.

* Some selected results from the 3 GHz
VLA-COSMOS Large Program.

* Forecasts for the SKA.
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AGN/Galaxy co-evolution: evidences

10° F T e g T |
- Y Stellar dynamics

[ O Gas dynamics

i >K Masers AISSCG

[] Excluded j‘f

@ Elliptical

* increasing evidence that evolution of -3
galaxies and SMBH/AGN are related: "

* Correlation between SMBH and galaxy bulge :
masses (e.g. Magorrian+98, Ferrarese & :
Merritt 2000, Gebhardt+00).
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Agn/Galaxy co-evolution: evidences

lockback time (Gyr)
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galaxies and SMBH/AGN are related: 7
=
* Correlation between SMBH and galaxy bulge 2
masses (e.g. Magorrian+98, Ferrarese & g T 1
Merritt 2000, Gebhardt+00). o 1 2 3 45678
* Redshift evolution of SF and AGN activity ;%2"'5' ey
(e.g. Madau+94, Ueda+03). 2 200]
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_%s 19.5}
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AGN/Galaxy co-evolution: the role of AGN
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of o Galaxy color bimodality (e.g.
o e Faber+07).
lL : Role of AGN: quenching of star
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AGN/Galaxy co-evolution: the role of AGN
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The contribution of radio observations
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Ha: Ge-17 erg/s/cm®
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The contribution of radio observations

log SFR (Mg yr-')

redshift

Madau & Dickinson 2014

——— 24 um: 20 uly
— 100 um:1.1 mily

260 pm:5.7 mly

i=im=: 460 um:2.4 mly (ALMA)
— = 870 um:0.3 mly (ALMA)
——— 850 um: 5 mdy (SCUBA)
20 ecm: 20 wly

Without extinetion correction:
Ha: Ge-17 erg/s/cm®
Om uyv: GOODS-3, HUDF

~1 pJy limit implies sensitivity
to 50-100 Msun/yr at z~6.

~0.1 pJy limit implies

sensitivity to 20 Msun/yr at
z~7
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The contribution of radio observations

1) Jet-mode RL AGN can be ok A
identified only in the radio ¥l S ff \
band. % : ¢ \x_

"
2) With the actual sensitivities % » \
of radio deep fields, detecting ¢ | ... N\
quasar-mode RQ AGN in the 5 ¢ B 4K \\
radio is as effective as in the R ]
optical/NIR bands | B

Largest AGN surface density over the whole
EM spectrum (Padovani 2016).
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SKA Pathfinders

* Frequency > 1GHz
* High sensitivity: rms ~ 1 uJy

* Resolution: few arcsec-milliarcsec
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VLA-COSMOS 3 GHz Large Project (P.I. V. Smolci¢)

* 3 GHz VLA: 384 hr, imaging 2.6 sq. deg.
* Resolution: 0.75 arcsec

* Median Sensitivity: 2.3 uJy/beam in the
2 sq.deg. field

* 10830 radio sources
* 93% optical/NIR/IRAC id.
* INAF participates through IRA and OAS
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Linear radio sizes of SFGs and AGN

51 Bondi+18 iy A
+ RX-AGN (Jet-mode AGN) » | * + | +
median ~0.25" (1-2 kpc). Larger sizes Y3 | _,x+’ Ta :* 0”.45
at z>1.5 (z or Lradio effect ?). s rad _{_._1.__
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Linear radio sizes of AGN and SFGs

5 { Bondi+18 Aoy A

+ RX-AGN (Jet-mode AGN) I o

median ~0.25" (1-2 kpc). Larger sizes T3 | _,.,--+’ “u :* 0”.45
at z>1.5 (z or Lradio effect ?) = b o ¢

. RX:AGND.B{Z{I.U Bondi+18 ;r___+. ————— ~lg7 o5

High z RX sources have 51 e Aeniso il - — ‘
lower stellar masses and 7« = NRX — AGN
larger radio sizes, ¥, e
comparable to size of I ; redshift
quiescent galaxies at z~2 ~ . .

(e.g. Szomoru+12). 1

0
23.0 23.2 23.4 23.6 23.8 24.0 24.2 24.4
Dﬁ\l:-r‘“'“ n logLlagh: (W /Hz)
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Linear radio sizes of AGN (and SFGs)

*NRX-AGN (Quasar-mode AGN) - | Bondi+18 -
+
median ~0.45" (2-4 kpc) intermediate |, | * b
between SFGs and RX-AGN. g Lr;"l_l"“‘i* 14
43 -
Origin of radio emission in NRX-AGN ? % * ,4."", o ¢ ¢
z t" T —TT TS 0725
- 4+
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Linear radio sizes of AGN (and SFGs)

*NRX-AGN (Quasar-mode AGN)

5 { Bondi+18 Aoy A
median ~0.45" (2-4 kpc) intermediate | * b
between SFGs and RX-AGN. ; ,,--J'V ..-;"I_"“"H\ s
€3 _ .
Origin of radio emission in NRX-AGN ? = * pad o ¢ '
i « 0° et~ 07.25
Star fomation in X-ray ° . + SFG
selected AGN. £ . | . Eﬁ”‘_;@ﬁ“
I, el I IE
Star formation + weak K . redshift
radio core in radio selected 1.
AGN. 1 ® X-raylx>10?| <« from stacking
® NRX — AGN
00.2 0.3 04 05 1 2 3

R redshift
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Infrared-radio correlation

28w Yun ot al. (2001) ((qemm) = 2.34 £0.01

Provides the basis for radio luminosity — This work: quu(s) = (2524 0.08)(1 +7)02:2001

. = Magnelli ctal. (2015) : qur(z) = (2.35 £ 0.08)(1 + g)~0-12£0.01
as a star-formation tracer (e.g. 26 ~
Helou+85, Condon 1992, Kennicut 5
1998).

q=S(TIR)/S(radio) decreasing with z
(e.g. Lvison+10, Magnelli+15,
Delhaize+17, Calistro-Rivera+17) &

20}

Delhqize+17 .

1 2 3 4 5
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Infrared-radio correlation

Broken power-law

Provides the basis for radio luminosity as 12 YW R
. | 'I'ﬁl i L . etections
a star-formation tracer (e.g. Helou+85, 101 ; hhlﬂ Y
. > bt i f Bans
Condon 1992, Kennicut 1998). 2 " T s“‘&f# * Evrth upper limits)
g‘ 0.6 * [u?'la;zetecﬁunﬁi
Average radio SED of HSF6Gs (SFR>100 ]
Msun/yr). Steep radio spectrum T
(Tisanié+18) £ o
= -0.2
-4 1 Tisani¢+18
10° 100
Vrest[GHZ]
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Infrared-radio correlation

28k s Yun et al. (2001) :(qur) = 2.34 £0.01

m— This work : qryp(7) = (2.52 £ 0.03)(1 + 7)~*-2E0.0L
= Magnelli ctal. (2015) : qur(z) = (2.35 £ 0.08)(1 + z) 012001

26

Provides the basis for radio luminosity as f
a star-formation tracer (e.g. Helou+85,
Condon 1992, Kennicut 1998).

qrIR
o
o

Average radio SED of HSFGs (SFR>100 Delhaize+t7
Msun/yr). Steep radio spectrum ;

3.0y T T r r T r
(TISCIHIC+18). - (a) :::: E}iasri;c::q-.ci;r:glsnI;Gl,Rnﬁr:\F.{I|m.

©0 0 z =0, Spheroid-dom. SFG (Bell 2003)

2.8 :\\\ ¢_¢ z =0, Disc-dom. SFG (Bell 2003)
Steep redshift evolution of q is produced TR S5
by spheroid-dominated SFGs g2 [P

2.5F
(Molnar+18). 5

’ -o ® Spheroid-dom. SFG, COSMOS

2.3} ¢ ¢ Disc-dom. sFG, cosmos

MOlnar‘+]_8 -- D17, l-band mag < 24, 0.2 < z jl.s
2'20.0 0:2 0.I4 0?6 0:8 1.IO 1:2 174

redshift
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Towards SKA...

Constraints on the sub-uJy radio
number counts from evolving
luminosity functions (Novak+18, =

1.3 <z<16|
Zmed ™= 1.44

0B=<z=<1 T
Zmeg™= 0.902 J

_4 -
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Towards SKA...

. Novak+18
' _::;?-‘--1.17:-:4--;~~ '
Between 0.1 and 10 pJy, where the 50 sl “
sensitivity limits for future SKA o B el s
surveys at 1.4 GHz are located (e.g. N
w 0.4 — ¥ x
Prandoni & Seymour 2015), the relative 2
. . 0.2
fraction of SFGs is rather constant at L || o
ClbOLIT 90—95 o/o. 0067 10" 10° 1007 1070 107 107!
10%°
10°}
g 108 Ly
107
— 1-104y
o — 10 — 100 py .
10%, 1 2 3 1 5 6
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SKA-PRIN (P.I. I. Prandoni)

CATEGORY: SKA
COORDINATORE SCIENTIFICO NAZIONALE: Dr. Isabella Prandoni

PROJECTTITLE

FORmation and Evolution of Cosmic STructures (FORECaST) with Future Radio Surveys

Mapping the Universe on the pathway to SKA: from black holes to the largest cosmic structures, a
mudti-scale approach to next-generation extra-galactic/cosmological radio surveys

10g Lya, so [er8/s)

Obscured (Compton thin) AGN at z28

INAF-Istituto di Radioastronomia, Via P. Gobetti 101, 40129 Bologna
e-mail: prandoni@ira.inafiit; Tel. +39 051 639 9381; Fax: +39 051 639 9431

INAF STRUCTURES INVOLVED:

List of participating INAF structures providing INAF Research Staff and/or INAF Associate Researchers.

Area [deg?]

INAF Associate Researchers involved in this project belong to the following Universities/Institutions:

# | Full Name Acronym | # | Full Name Acronym # | Full Name Acronym | # | Full Name Acronym
01 | IRA Bologna IRA 08 | Oss. Astr. Teramo OATE 01 | Scuola Normale Superiore SNS 08 | Univ. di Ferrara UniFE
02 | Oss. Astr. Trieste OATS 09 | Oss. Astr. Capodimonte OANA 02 | Scuola Int. Sup. Studi Avanzati SISSA 09 | Univ. di Roma 3 UniRM3
03 | Oss. Astr. Roma OARM 10 | Oss. Astr. Arcetri OAFI 03 | Univ. di Padova UniPD 10 | Univ. di Torino UniTO
04 | Oss. Astr. Bologna 0ABO 11 [ Oss. Astr. Torino 0ATO 04 | Univ. di Bologna UniBO 11 | Univ. of Western Cape uwc

05 | IASF Bologna IASFBO 12 | IAPS Roma IAPS 05 Um:v. di Napoli “Federi_co o Un%NA 12 | SKA South Africa SKA-SA
06 | Oss. Astr. Padova OAPD 13 | Oss. Astr. Catania OACT 06_| Univ. di Roma “La Sapienza” UniRM__ | 13 | SKA Office SKAO
07 | Oss. Astr. Brera OAMI 07 | Univ. di Trieste UniTS
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