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OUTLINE

Very limited overview of open questions, new challenges and 
opportunities in the study of radio galaxies

 The low frequency end – the extended emission
 The high frequency end – the inner regions of AGN

The relevance of VLBI in the SKA era 



Hercules A Centaurus A

Credits: A. Kapinska

Science space: Radio galaxies – FRII and FRI – and their
nuclear regions



Parameter space
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Falcke 2018Tracing the core

Singh et al.2016

Tracing the lobes



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

Revision of the size in radio galaxies
Old radio emission

Life cycles of radio galaxies
Restarted emission

What triggers the radio activity?
Which is the interplay between the 

jets and lobes in radio galaxies and the 
ICM? 

Tracing the lobes

Singh et al.2016



The case of 3C31 

Heesen et al. 2018



The case of 3C31 
Heesen et al. 2018

 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



Steep spectrum extended
component

CSS nuclear
component

Few cases of 
restarted activity

known so far 

They seem more 
common in dense 

environments
(galaxy clusters and 

group centres)

Major role of 
high sensitivity

& high 
resolution low

frequency
imaging

combined with 
VLBI 

observations

EVN – 8.4 GHz

Venturi et al. 2004



Brienza 2018

Restarted activity in B2 0258+35 - The addition
of LOFAR to previous studies (Brienza 2018)

Restarted activity in the galaxy group NGC742 from 

multiband GMRT imaging (Giacintucci et al. 2011)

Multiple bursts of radio emission in NGC5044 
at the centre of a galaxy group from 
multiband GMRT imaging (Giacintucci et al. 
2011) 

Increasing the statistics on remnant emission from radio galaxies
and restarted activity



Potentials of the new broad band receivers

 Simultaneous spectra for compact radio sources and nuclear
components of radio galaxies

Orienti & Dallacasa 2014



Potentials of the new broad band receivers

 Simultaneous spectral imaging with unprecedented resolution
 Impressive sensitivity at high angular resolution

The Sausage cluster – JVLA 2-4 GHz band – rms 2.3 microJy/b
Di Gennaro et al. 2018



Perseus Cluster – JVLA –
Gendron-Marsolais et al. 2017

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

NGC4874

NGC4869

The quality of the present low frequency
observations show impressive tails of emission

from cluster radio galaxies

 Radio plasma and ICM interaction
 Trajectories of galaxies in their motion

within the cluster

A2255 – LOFAR 
collaboration

1973

1990

Where AGN science and galaxy cluster science meet



A1033 - De Gasperin et al. 2017

Johnston-Hollitt 2017

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

Coma - Lal, in prep
A3411-A3412

Where AGN science and galaxy cluster science meet



Falcke 2018

High sensitivity imaging at high 
frequencies and mas angular

resolutions

Peering into the innermost regions
of AGN 

Despite the huge progress in theory, 
simulations and observing

capabilities many questions are still
open

Tracing the core



From Gomez 2018

 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





Several good reasons for SKA-VLBI operations

 A large part of the AGN science would
remain unaddressed without SKA-VLBI 
operations

 Several major SKA science goals would
strongly benefit from VLBI

 Synergy with E-ELT requires milliarcsecond
resolution



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

First successful fringe 
test between EVN 
antennas and 
MeerKAT in Session 1-
2018 

First successful fringe 
test between EVN 
antennas and Ghana in 
April 2017
(JIVE Press release 
07/04/2017) 

VLBI in the SKA-mid1 era



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

Slide from Paragi 2018
JJ Mid-Term Review

VLBI in the SKA-mid1 era

Slide from Beswick 2018
JJ Mid-Term Review

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



SUMMARY and CONCLUSIONS
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 New potentials in our understanding of radio galaxy evolution are emerging from 
SKA pathfinders and precursors

 The radio galaxy science and galaxy cluster science are progressing hand in hand
 SKA1-mid will complement the current low frequency interferometers in terms of 

polarization performances
 The study of radio galaxies would strongly benefit from SKA Band 5 and SKA-VLBI 

operations

SKA-VLBI operations will be essential: 

 In several of the main scientific goals of the SKA
 For a full exploitation of the synergy between SKA and E-ELT

 Efforts for SKA-VLBI operations in the SKA1 era are in progress and INAF can  play a 
major role
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Singh et al.2016

Orienti & Dallacasa 2014

Sampling the 
synchrotron spectrum


