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Science space: Radio galaxies — FRIl and FRI — and their
nuclear regions
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Tracing the lobes
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X Tracing the lobes

log S,

High resolution and high sensitivity imaging
at low frequencies (LOFAR, uGMRT)

; Revision of the size in radio galaxies
Old radio emission
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. : , What triggers the radio activity?

§ o Which is the interplay between the
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The case of 3C31

LOFAR 145 MHz + SDSS r-band + Chandra X-ray
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The case of 3C31
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» A nearby (z=0.0169) giant radio galaxy (~ 1 Mpc) at low radio frequencies

» Estimated radiative age ~ 200 Myr

» Implications on the expansion on the ICM




Few cases of
restarted activity
known so far

They seem more
common in dense
environments
(galaxy clusters and
group centres)
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Increasing the statistics on remnant emission from radio galaxies
and restarted activity
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Potentials of the new broad band receivers

» Simultaneous spectra for compact radio sources and nuclear
components of radio galaxies
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Potentials of the new broad band receivers

» Simultaneous spectral imaging with unprecedented resolution
» Impressive sensitivity at high angular resolution
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Where AGN science and galaxy cluster science meet

18'= 400 kpc

Beam
5

NGC 1265

NGC 1275

Perseus Cluster — JVLA — :
Gendron-Marsolais et al. 2017

NGC4874

4

NGC4869

Coma cluster - uGMRT, Band 3 — Lal in prep.

The quality of the present low frequency
observations show impressive tails of emission
from cluster radio galaxies

J

» Radio plasma and ICM interaction
» Trajectories of galaxies in their motion
within the cluster

A2255 - LOFAR
collaboration




Where AGN science and galaxy cluster science meet

Clear connection between tailed radio galaxies and radio features in galaxy clusters

JohnstoM-Hollitt 2017
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Tracing the core

High sensitivity imaging at high
frequencies and mas angular
resolutions

l

Peering into the innermost regions
of AGN

{

Despite the huge progress in theory,
simulations and observing
capabilities many questions are still
open
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» Which is the launching mechanism
for the jets?

» What is the core?

» Where does recollimation occur,
and how?

» What determines the accretion
mechanism and the jet power?

Very Long Baseline Interferometry
Science

Jet
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Science SWG
Goal SWG Objective Rank
1 CD/EoR Physics of the early universe IGM - |. Imaging 1/3
2 CD/EoR Physics of the early universe IGM - Il. Power spectrum 2/3
3 CD/EoR Physics of the early universe IGM - ll. HI absorption line spectra (21cm forest) 3/3
4 Pulsars Reveal pulsar population and MSPs for gravity tests and Gravitational Wave detection 1/3
5 Pulsars High precision timing for testing gravity and GW detection 1/3
6 Pulsars Characterising the pulsar population 2/3
7 Pulsars Finding and using (Millisecond) Pulsars in Globular Clusters and External Galaxies 2/3
8 Pulsars Finding pulsars in the Galactic Centre 2/3
9 Pulsars Astrometric measurements of pulsars to enable improved tests of GR 2/3
10 Pulsars Mapping the pulsar beam 3/3
11 Pulsars Understanding pulsars and their environments through their interactions 3/3
12 Pulsars Mapping the Galactic Structure 3/3
13 Hi Resolved HI kinematics and morphology of ~10710 M_sol mass galaxies out to z~0.8 1/5
14 HI High spatial resolution studies of the ISM in the nearby Universe. 2/5
15 Hi Multi-resolution mapping studies of the ISM in our Galaxy 3/5
16 Hi HI absorption studies out to the highest redshifts. 4/5
17 Hi The gaseous interface and accretion physics between galaxies and the IGM 5/5
18 Transients Solve missing baryon problem at z~2 and determine the Dark Energy Equation of State =1/4
19 Transients Accessing New Physics using Ultra-Luminous Cosmic Explosions =1/4
20 Transients Galaxy growth through measurements of Black Hole accretion, growth and feedback 3/4
21 Transients Detect the Electromagnetic Counterparts to Gravitational Wave Events 4/4
22 Cradle of Life | Map dust grain growth in the terrestrial planet forming zones at a distance of 100 pc 1/5
23 Cradle of Life | Characterise exo-planet magnetic fields and rotational periods 2/5
24 Cradle of Life | Survey all nearby (~100 pc) stars for radio emission from technological civilizations. 3/5
25 Cradle of Life | The detection of pre-biotic molecules in pre-stellar cores at distance of 100 pc. 4/5

Cradle o] Mapping of the sub-structure and dynamics of nearby clusters using maser emission. 5/5

The resolved all-Sky characterisation of the interstellar and intergalactic magnetic fields 1/5

Determine origin, maintenance and amplification of magnetic fields at high redshifts - I. 2/5

Detection of polarised emission in Cosmic Web filaments 3/5

Determine origin, maintenance and amplification of magnetic fields at high redshifts - II. 4/5

Intrinsic properties of polarised sources 5/5

Constraints on primordial non-Gaussianity and tests of gravity on super-horizon scales. 1/5

Angular correlation functions to probe non-Gaussianity and the matter dipole 2/5

Map the dark Universe with a completely new kind of weak lensing survey - in the radio. 3/5

Dark energy & GR via power spectrum, BAO, redshift-space distortions and topology. 4/5

Test dark energy & general relativity with fore-runner of the ‘billion galaxy’ survey. 5/5

37 Continuum Measure the Star formation history of the Universe (SFHU) - |. Non-thermal processes 1/8
38 Continuum Measure the Star formation history of the Universe (SFHU) - Il. Thermal processes 2/8
39 Continuum Probe the role of black holes in galaxy evolution - |. 3/8
40 Continuum Probe the role of black holes in galaxy evolution - I1. 4/8
41 Continuum Probe cosmic rays and magnetic fields in ICM and cosmic filaments. 5/8
42 Continuum Study the detailed astrophysics of star-formation and accretion processes - I. 6/8
43 Continuum Probing dark matter and the high redshift Universe with strong gravitational lensing. 7/8
44 Continuum Legacy/Serendipity/Rare. 8/8
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Several good reasons for SKA-VLBI operations
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v A large part of the AGN science would
remain unaddressed without SKA-VLBI
operations

v" Several major SKA science goals would
strongly benefit from VLBI

v" Synergy with E-ELT requires milliarcsecond
resolution



VLBI in the SKA-mid1 era

»‘ Satellite dishes across Africa are being converted
. >‘ into radio telescopes for very long baseline
Africa & the SKA =
interferometry (VLBI) astronomy.
7
= GHANA
A
* South Africa, - KENY
* Botswana, =
* Kenya, ——] A Telecom dishes
« Madagascar, — for conversion ZAMBIA ADAL
* Mauritius, a New telescopes v )
* Mozambique, P NAMIBIA onrewans o
* Namibia, and Hartebeesthoek S MAURITI
« Zambia VLBI facility -‘. JAMBIOUE

Square Kilometre
Array core site

To ensure successful milliarcsecond follow-up of SKA-mid1 sources, and synergy with the E-ELT,
the full completion of the African VLBI Network is necessary to ensure the broadest portion of
the sky accessible to all instruments, and the best u-v coverage for VLBI == Special role
of the Italian VLBI Network to ensure continuity between EVN and AVN



VLBI in the SKA-mid1 era

Integration of the antenna in Ghana and of MeerKAT ongoing

amplitude versus channel N 1 8L 1 data: n1811_no0011_2x32MHz_sd_4_lag.ms [LAG_DATA|
e/ verkout@<??7> 2018-08-15T10:15:12
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First successful fringe
test between EVN
antennas and
MeerKAT in Session 1-
2018
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VLBI in the SKA-mid1 era

» Focus of one of the WP in the EC-H2020 JUMPING JIVE project (INAF is a partner)

1 and the Necessary Globa

A

* Make the SKA VLBI compliant
— Technical requirements, Interfaces
— Operational model
— Commissioning plan

* Develop science cases

— Work closely with the SKA VLBI Focus
Group an other SKA science WGs

— Key Science Projects definition

JUMPING JIVE & H

Deliverables
— Details on VLBI interfaces to SKA
Consortia — Month 24
— Operational plan for inclusion of SKA
in Global VLBI - Month 36

Deliverables
— Portfolio of SKA-VLBI Science Cases
—Month 30
— Report on SKA-VLBI Key Science
Projects — Month 42

D10.1 D10.3 5KA-
VLBl Interfaces to | VLBI Science
SKAC i

D10.2 D104 43 manths
SKA-VLBI SKA-VLBI
ops.Pan | Kss

2amonths 30 months 36 months 42 months

4

Necessary Globalisa!
JUMPING JIVE -

isation of JIVE
730884

Slide from Paragi 2018
JJ Mid-Term Review

Slide from Beswick 2018
JJ Mid-Term Review

» Progetto di Grande Rilevanza MAECI-NRF RADIO SKY 2020 (PIs Venturi/Vaccari)




v" New potentials in our understa evolution are emerging from
SKA pathfinders and precursors

v' The radio galaxy science and galax : rogressing hand in-hand

v SKA1-mid will complement the currentiQurfreque terferometers in terms of
polarization performancés o

v" The study of radio galaxies would strongl : ~ A B3 n%s and SKA-VLBI
operations 5

SKA-VLBI operations will be essential:

O

5

Second National Worlkshop of SKA Science ang @ nology Bologna, December 5%, 2018






Sampling the

Ideal SSA GPS spectrum

A 10°
Turnover point T = 1
>
7 synchrotron spectrum —
fe)] . [ﬁﬁ]llf:gf:ﬁn
: a=-0.7
_9 a Optically
" — thick region
H ? a =52
: ‘f;f 10?
H ~ 2 r-ﬂ'gh7t'rreq't.k;:nl‘?'\\\s
: x ageing cuto
H =
O] [
2 Low frequency
= spectral cutoff
: 10t
10° 10!
Vp |Og \% Frequency v (GHz)
11:00.0 _ 610 WAz} Orienti & Dallacasa 2014
5 30.0 J0037+0B0B 1.6 GHz ) ) ) 003740808 22 GHz R 003740808 5.0 GHz
§ t7:10:00.0 * @ Peak=1057; Lo.=015 (miybeam) , Peak = 156.1; 1.0.=0.36 (myleam) 1) " peak =217.3; t.c.=0.60 (mdymeam c
o 0
s poo ®, i :
T ¢ =l wl
£ 109:00.0 P § i,
g i i ;
i i i E w
30.0 Outer lobes ol o f N
b » 4 0
420 . 380 . 340 12:16:30.0 26.0 . 220 | “I .
xlf N
. 4 . i | .O‘ i)
SI ngh et a|'2016 Right escension (12000) I I T R S BT R Pe W wm w9 W W W . W S
3 2 A 1
I J0037+0808 8.1 GHz ) J0037+0808 15 GHz ) :
071130 .| Peak=186.7; f.c. = 0.48 (mJy/beam) d X Peak = 84.1; f.c. = 0.45 (mJy/beam) J00374+0808
1000 T T
00 .
) _m-x Tot
1030 . 2 /w
g 00 § ﬁ‘ R 100 ’ \é\
o ° o > &
<) H g . £ ®
S 0930 i i, w w
E 00 : ’ b n
08 30 ~ ? -
dilg! “Nf) | :
00 W sHV 0.1 1.0 10.0 100.0
— 3 — +— — SRR
o730l * S B ol wane sic [
) 1 ! 1 I
1216 40 20

35 30 2
Right Ascension (J2000)




