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- Scientific Research 
  (Galactic and Extragalactic)
- Technological Reaserch 
  (Design and fabrication of 
  radio instrumentation)
- Managment of the Italian 
  radio astronomical facilities

REFERENCE INSTITUTES FOR RADIO 
ASTRONOMICAL STUDIES IN ITALY
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National and International Radio Facilities



  

   - Extragalactic radioastronomy (AGN,    
        galaxies, clusters of galaxies) 
  - Our Galaxy  (stars and star   
     formation)

  - High Energy Astrophysics and   
     Neutron Stars
  - Interstellar medium 
  - Extragalactic radioastronomy (AGN,  
     galaxies, clusters of galaxies, HI,  
     Masers)

   - Radio emission in stellar objects 
     and stellar evolution 

  - Molecular lines and continuum
     emission in star forming regions

  - Space Weather
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- Square Kilometre Array (SKA)
- Low Frequency Array (LOFAR)
- Sardinia Radio Telescope (SRT)

→ SKA technologies (see Talk J. Monari)
→ VLBI (see Talk T. Venturi)
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The SKA project is a global
scientific project to design, 
construct, and operate an 
advanced radio telescope 
in South Africa and Australia 
consisting of an array of dishes 
and an array of aperture arrays 
with a combined collecting 
area of approximately one 
square Kilometre, which will 
be used to carry out research 
on the cosmos.
 
 

Square Kilometre Array (SKA) and its Precursors/Pathfinders

Canada, Cina, France, India, Italy, 
New Zealand, Spain, Sweden, 
The Netherlands

SKA precursors and pathfinders telescopes are prototypes designed primarily to test and 
refine technologies for SKA. Their size makes them world-class science instruments and they 
will already greatly contribute to the science fields covered by the SKA.

Precursors (telescopes located on the SKA sites): MeerKAT, HERA, ASKAP, MWA 
Pathfinders (instruments located elsewhere in the world and who contribute to the design and 
research around the SKA): APERTIF, GMRT, LWA, LOFAR                Pathfinder “science ready”



  

LOFAR 

Low-Band Antennas 10-90 MHz High-Band Antennas 120-200 MHz

Giant digital aperture array opening up a new window in the electromagnetic 
spectrum at low radio frequencies.

           

The largest (collecting area and data flow) pathfinder toward the SKA.



  

(1) CORE – 24 Stations (arcmin resolution) 
(2) REMOTE NL – 14 Stations; 10-100 Km baselines; 5-10 arcsec resolution 
(3) INTERNATIONAL – 13 stations; 100 – 1000 Km; sub-arcsec resolution 

LOFAR 



  

Van Weeren et al. 2016

Williams et al. 2016

Lofar image (one pointing) centred on the 
Boötes area. The image at 150 MHz covers 
about 19 sqdeg of sky with ~6 arcsec 
spatial resolution and a noise of 
~110 µJy/beam. 
~6000 radio sources
- zooms of extended radio sources 

Advanced calibration and 
processing techniques are 
needed to obtain deep 
high-fidelity images at 
low radio frequencies

- FoV
- Sensitivity  
- Resolution 
- Polarization     
 

LOFAR 



  

Strong radio sources associated with elliptical galaxies are 
supplied with energy from active galactic nuclei via plasma beams

Radio cores, jets, and hot-spots are produced by continuous activity

3C 2963C 296 3C 4523C 452

LOFAR → Studies of RADIO GALAXIES 



  

The total spectra of active radio sources are usually well-approximated by 
a power law over a wide range of frequencies. Spectral breaks at  high-
frequency with a moderate steepening are also observed.

Courtesy by M. Murgia

LOFAR → Studies of RADIO GALAXIES 



  

RADIO GALAXIES: spectral evolution 
During the active phase the source is continuously replenished of fresh 
particles. However, due to the radiative losses, the high-frequency 
spectrum steepen beyond a time-dependent break frequency. 

Courtesy by M. Murgia
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When the activity in the nucleus stops or fall to such a low level that the
plasma outflow can no longer be sustained, the radio source is expected
to undergo a period of fading (the dying phase).

Radio core, well-defined jets, and compact hot-spots will disappear 
because they have to be sustained by continuing injection. The radio 
lobes may remain detectable longer if subject only to radiative losses.

B2 0924+32

Dying RADIO GALAXIES 

Cordey (1987)



  

Given the comparatively short duration of the active stage (~107 yr) we 
could expect a large number of dying radio sources.

Only a few percent of the radio sources in radio surveys have the 
characteristic of a dying radio galaxies. A possible explanation is their 
relatively fast spectral evolution during the fading phase. 

Dying RADIO GALAXIES 

B2 0924+32

Cordey (1987)

ONLY A HANDFUL
OF DYING-RADIO
SOURCES ARE
KNOWN!
 



  

The switch-off of the injection of energetic electrons leads to a 
second high-frequency break followed by an exponential cut off of 
the radio spectrum  

Dying RADIO GALAXIES: spectral evolution 

Courtesy by M. Murgia

(e.g. Komissarov & Gubanov 1994)
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Dying radio galaxies are more easily detected at low radio frequencies, 
therefore low frequency ~300 MHz surveys, are particularly well-suited 
to search for these elusive objects.

Xray-radio-optical image of the dying radio source 
WNB 1734+6407 at the center of Abell 2276

In search of Dying RADIO GALAXIES with LOFAR Surveys 

(e.g. Parma et al. 2007, Giacintucci et al. 2007, Murgia et al. 2011, Murgia et al. 
2012)



  

Dying radio galaxies are more easily detected at low radio frequencies, 
therefore low frequency ~300 MHz surveys, are particularly well-suited 
to search for these elusive objects.

In search of Dying RADIO GALAXIES with LOFAR Surveys 

LOFAR

Shulevski et al. 2017

B2 0924+32

VLA



  

LOFAR 

- LOFAR station in 2021/2022 in Medicina (Bologna)
- Involvement of the Italian community in the KSP
- Science (30 h guarantee time per semester)
- Tecnhological involvement (upgrade LOFAR stations v2.0)   

INAF is now in LOFAR!!!!!! 



  

Square Kilometre Array (SKA)

SKA1-Low will consist of 130,000 antennas, 
organised in 512 aperture array stations of 256 
antennas each, in the Boolardy site in Western 
Australia. 

~50% of the stations are within 1 Km diameter 
core the remaining are organised in clusters of 6 
stations on three modifed spiral arms. 

The maximum baseline is 65 Km.

SKA1-Mid will consist of 133 SKA dishes 
(15m) and 64 Meerkat dishes (13.5m) in 
the Karoo site in South Africa. 

The core comprises around 50% of the 
dishes, randomy distributed within 2 Km. 
There are 3 logarithmic spiral arms with a 
maximum baseline of 150 Km.

60 Km



  

Square Kilometre Array (SKA)

Telescope Band Frequency Range 
(MHz)

Available 
Bandwidth (MHz)

SKA1-LOW - 50 - 350 300

SKA1-MID 1 350 - 1050 700

2 950 - 1760 810

5a 4600 - 8500 2X2500

5b 8300 - 15300 2X2500



  

Square Kilometre Array (SKA)
# SKA Science WGs and Focus 

Groups
Members Italian

Members
Chair
Nationality

1 Sun, Eliosphere and Ionosphere 77 1 UK - India

2 Our galaxy 60 7 UK - Italy

3 Cradle of Life 46 3 Canada – UK

4 Pulsars & gravitation 77 4 Canada - NZ

5 Transients 67 3 Canada - NL

6 Extra-galactic HI 65 3 Australia - NL

7 Extra-galactic Radio Continuum 97 13 UK - Italy

8 Lines (non HI) 37 1 France - UK

9 Magnetism 68 10 Australia - Germany

10 Cosmology 116 11 Cina – South africa

11 EoR 68 6 Italy - Sweden

12 VLBI 68 5 Australia - NL

13 Cosmic Rays & High Energy 
Physics

25 - Germany - UK

                                        Total 871 67 Updated end 2017



≈40000 sources (≈1 source per deg2)

SKA1 may provide an all-sky grid of Faraday rotation measures ~300-1000x denser
than the most accurate all-sky map actually available

Taylor et al. (2009)

NRAO VLA Sky Survey Rotation Measures

SKA - Cosmic Magnetism 



≈40000 sources (≈1 source per deg2)

SKA1 may provide an all-sky grid of Faraday rotation measures ~300-1000x denser
than the most accurate all-sky map actually available

SKA - Cosmic Magnetism 

Oppermann et al. (2012)

Reconstruction of the Galactic Faraday depth, mostly based on the Taylor et al. (2009) data. 



  

D B
min

B
max

Resolution=λ/Bmax

Sensitive to this range of
angular sizes  λ/Bmax < θ <λ/Bmin

Single dish minimum separation is 
zero so they can, in principle, 
recover the total flux of extended 
sources

Single Dish                            Interferometer 

L-band (1.3-1.8 GHz)
P-band (305-425 MHz)

C-band (5.7-7.7 GHz)
  K-band(18-26 GHz)

Resolution = λ/D 



Numerical simulations show the history of the formation of the structures  

Numerical Simulations 

Springel et al. (2005)







Clusters of Galaxies 

Clusters of galaxies form at the intersection of filaments of the cosmic 
web



  

Observations of a nearby filament of galaxy clusters with the Sardinia Radio 
Telescope

SRT L-band
new detections

Detection of diffuse, large scale radio emission which might be connected to a large-scale 
filament of the cosmic web covering a 8 deg x 8 deg area in the sky, likely associated with a 
z ≈ 0.1 overdensity traced by nine massive galaxy clusters

MHD simulations
predictions

Vacca et al. 
(2018)



  

EVN observations of methanol 
maser spost Sanna et. (2017)

Single-dish and I-VLBI 
monitoring of Galactic binaries
Egron et al. (2017a)

Other scientific results with the SRT Radio Telescope 
http://www.srt.inaf.it/astronomers/science_srt/

- Sardinia Radio Telescope Bolli et al. (2015)
- The Sardinia Radio Telescope: from a technological project to a radio 
observatory  
  Prandoni et al. (2017) 
- Sardinia Roach2-based Digital Architec ture for Radio Astronomy Melis et al. 
(2018)



  

First 7 GHz images of large supernova 
remnants Egron et al. (2017b)

Investigating the high-frequency 
spectral features of SNRs Tycho, 
W44, and IC443 with the SRT 
Loru et al. (2018)

Multi-messenger observations of a binary 
neutron star merger Abbott et al. (2017)

Other scientific results with the SRT Radio Telescope 
http://www.srt.inaf.it/astronomers/science_srt/



  

Wide-band spectral-polarimetric 
observation of galaxy cluster Murgia et al. 
(2016)

Relic radio emission from galaxy clusters 
Loi et al. (2017)

Intra-cluster magnetic field power spectra 
Govoni et al. (2017)

Duty cycle of the radio galaxy B2 0258+35 
Brienza et al. (2018)

Other scientific results with the SRT Radio Telescope 
http://www.srt.inaf.it/astronomers/science_srt/



  

The Italian radio astronomical community use the most important radio 
telescopes (single dish and interferometers) in the world (e.g. JVLA, 
GMRT, ALMA, ASKAP, MeerKAT, LOFAR, GBT, Effelsberg, SRT, ….). 
 

Conclusions

- SKA 
- LOFAR  → INAF is part of the project  
- SRT      → After the ESP (Early Science Program) and a period of   
                  refurbishment, SRT is now ready to open at the international  
                  community (deadline next call for proposals  9 Oct. 2018)

 

THANK YOU!THANK YOU!
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