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COURSE OVERVIEW 

●  Brief introduction to radioastronomy 
 
●  Sardinia Radio Telescope (SRT)   

 
●  Square Kilometer Array (SKA) 
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ß if our eyes were able to see radiowaves 

MeerKAT image of the Milky Way center at 1.4 GHz 

looking toward the center of our galaxy 





Why radio astronomy? 

 

●  Radio waves reach the ground 
●  Can observe objects or phenomena that are difficult or impossible to detect in 

other wavelength ranges 
●  Used for quantitative physical diagnostics of object parameters 
●  Discovery of new sources (e.g., fast radio bursts) 

 



Radio sources 

new born stars 

pulsars sun 

Jupiter 

microquasars fast radio bursts 

radio galaxies 

Supernova remnants 



New born stars 



Radiation mechanisms? 

EHT Collaboration


  
Radio emission is produced in a large 
number of ways   
 
à  one must first determine which radio 

emission mechanism is responsible 
for the emission 

 

Radio emission from celestial objects can be both  
thermal and non-thermal 



Multi-frequency 

the radio range of wavelengths is as essential 
as gamma ray, X-ray, UV, optical, and IR for 
providing a complete picture of the physical 

nature of astronomical sources 
 
 
 

à MULTI-FREQUENCY ASTROPHYSICS ! 
 

radio  



Early Radio Astronomy  

•  The first detection of radiation at radio wavelengths was not made until 1932 due to: 
Ø  limitations of technology (our eyes), but then the communication era started 
Ø  the expectation that celestial objects would be too faint 

•  Long distance communication developed by  
Marconi & Ferdinand Braun - Nobel Prize 1909  
 
•  Karl Jansky (1933, published) discovered a radio signal  
at 20.5 MHz that varied steady every 23 hours and 56  
minutes (Sidereal day).  
 
à  “The data give for the co-ordinates of the region from  
which the disturbance comes, a right ascension of  
18 hours and declination -10 degrees.”  
He had detected the Galactic Centre.  
 
 
 



Radio telescopes 
•  Radio telescopes are designed in a different way to optical 

telescopes, and the radio range is so broad (5 decades in 
frequency) that different telescope technologies can be 
used 

•  Because radio waves are so long and cosmic radio 
sources are extremely weak, radio telescopes are the 
largest telescopes in the world, and only the most sensitive 
radio receivers are used inside them 

•  Dish antennae bounce many different wavelengths at 
once, and we need different receivers to tune to different 
frequency channels for the different kinds of research 

•  To observe a specific wavelength range, we select a 
specific size funnel to grab the radio waves we want. 
These funnels are called feed horns. 

  
 



Radio telescopes 

•  To incoming radio waves from space, the dish surface acts 
in the same manner as a smooth mirror 

•  The waves are reflected and focused into a feedhorn  

•  The weak radio signals are channeled by the feedhorn into 
a receiver  

•  Radio receivers amplifies the incoming signal ~ million 
times 

•  The amplified signals are carried by fibre optic cable from 
the receivers down into where they are stored on computer 
disks 

  
 



Radio telescopes and interferometers  

Large single-element radio 
telescopes can be constructed 
cheaply, but have limited  
spatial resolution  
 

Single dishes have limited resolution but can achieve excellent sensitivity (Ae ~ D2)  
 





Radio interferometry 

•  Interferometric techniques have been 
developed to combine several single-
element telescopes into a multi-element 
array 

•  Now, the resolution is limited by the 
distance between the elements  

 



Radio 
interferometry 



Radio 
interferometry 



Radio interferometry 



Radio interferometry 

Radio interferometry 
can provide the 
highest angular 
resolution imaging 
possible in 
astronomy 
 





Snapshots of the M87* black hole obtained through imaging / geometric modeling, and the EHT array 
of telescopes in 2009-2017. The diameter of all rings is similar, but the location of the bright side varies. 
Credit: M. Wielgus, D. Pesce & the EHT Collaboration 



Optimization of the 
scientific output: 

 
Resolution 

& 
Frequency 

 



The	Sardinia	Radio	Telescope	(SRT)	

Some userful links: 
 
●  SRT Commissioning paper http://bit.ly/srt_bolli 
●  Italian Radio Telescopes https://www.radiotelescopes.inaf.it/ 

 



The	Sardinia	Radio	Telescope	(SRT)	

SRT is an observing infrastructure operated by INAF,  
result of a scientific and technical collaboration among three 
INAF research units:  
●  the Cagliari Astronomical Observatory (OACa),  
●  the Institute of Radio Astronomy (IRA),  
●  the Arcetri Astrophysical Observatory (OAA)

  
 
The telescope: 
●  64-metre radio telescope 
●  fully steerable 
●  Frequency range: 0.3 - 116 GHz 

 
Funding Bodies: 
●  MIUR 
●  Italian Space Agency 
●  Regional Government of Sardinia 

 
 
  
 
 
 
	
	



The	Sardinia	Radio	Telescope	(SRT):	timeline	

2003 



The	Sardinia	Radio	Telescope	(SRT):	timeline	

●  June	2012	–	October	2013:		
Technical	commissioning;	

●  September	2013:		
Opening	Ceremony;	

●  February	2012	-	January	2016:		
Astronomical	Validation;	

●  February	-	August	2016:		
Early	Science	Program;	

●  2017:		
Refurbishment	of	active	surface;	Buildings	and	
infrastructures	completed;	

●  2018:	
Re-commissioning;	

●  From	Dec.	2018	
	Call	for	proposals	together	with	Italian	Radio	Telescopes	



The	Sardinia	Radio	Telescope	(SRT):	location	

SRT	

●  Location: 		Pranu	Sanguni,	
San	Basilio	(SU),	Italy	

●  Longitude: 		9°14’42”East	
●  Latitude: 		39°29ʹ34ʹʹNorth	
●  Altitude: 	650	m.		a.s.l.				

		



The	Sardinia	Radio	Telescope	(SRT):	structure	

●  64m	primary	mirror	with	active	surface	
●  Gregorian	shaped	configuration	
●  7.9	m	secondary	mirror.		
●  6	focal	positions,	frequency	agility	
●  Frequency	range:	0.3	–	26.5	GHz	(now!)	
●  Elevation	range:	5°-90°	
●  Azimuth	range:	±	270°		
●  Azimuth	slewing	speed:51°/min	
●  Elevation	slewing	speed:	30°/min	

	



The	Sardinia	Radio	Telescope	(SRT):	unique	features	

1.  Active	Surface	(Stable beam (PSF) shape during the observation)	
2.  Shaped	Profile	(SRT	outstanding	spectral	machine)	
3.  L-P	Band	Receiver	(Outstanding	pulsar	machine)	
4.  K-Band	Multibeam	receiver	(unique	high	sensitivity	spectral	survey	capabilities)	



The	Sardinia	Radio	Telescope	(SRT):	reicevers	

• 	L-P	band:	305-410	MHz	(P),	1.3-1.8	GHz	(L),	cryogenic,		primary	focus; 
• 	K	band:	18-26.5	GHz,	cryogenic,	7-beam	array,	Gregorian	focus; 
• 	C-band:	5.7-7.7	GHz,	cryogenic,	BWG; 

• 	Low-C	band:	4.2-5.6	GHz,	cryogenic	single	feed		
dual-circular	pol.		-		BWG	focus;	 

Available 

Forthcoming 

• 	S	band:	3.0-4.5	GHz,	cryogenic	7-beam	dual-linear		
pol.	-	primary	focus; 



The	Sardinia	Radio	Telescope	(SRT):	reicevers	
Available 



The	Sardinia	Radio	Telescope	(SRT):	backends	

	
• Total	Power,	single	band	backend	for	continuum	observations.	Seven	beams. 
	
• XARCOS,	a	digital	spectrometer.	Seven	beams. 
	
• SARDARA,	a	ROACH2-based	spectro-polarimeter.	(2.3	GHz	BW) 
																																Single	beam	=>	seven	beams	soon. 

	 	2	GHz	bandwidth,	16384	ch	 
	 	spectroscopy,	spectropolarimetric/continuum 
	 	soon:	zoom	modes	+	pulsar	modes 

• DFB3,	Digital	Filter	Bank	mark	3,	for	pulsar	observations.	Dual	beam.	
	
• ROACH1:	128	MHz	 

Backend system, as a part of the radio telescope, receives the radio signal which is amplified by 
the receiver, lays its emphasis on signal digitization and processing 

and sends the processed data into storage system.  



The	Sardinia	Radio	Telescope	(SRT):	performances	

	
• Sensitivity:	 

•  1 mJy within seconds integration time       
 
• Beam Size:  

•  1 deg2 at 300 MHz 
•  15’x15’ at 1.4 GHz 
•  2.5’x2.5’ at 7 GHz 
•  7X   1’x1’  at 20 GHz 

 
• Time sampling:  

•  Down to 10 ms with spectropolarimeters 
•  100 us in pulsar mode 



The	italian	antennas	



Italian	Radio	telescopes	

INAF	manages	three	single-dish	radio	telescopes.	
Observations		can	be	run	either	in	single-dish	or	in	
a	network	for	interferometric	observations	(VLBI):	

●  Sardinia	Radio	Telescope	(64m)	
●  Medicina	Radio	Telescope	(32m)	
●  Noto	Radio	Telescope	(32m)	

Network	which	Italian	Radio	telescopes	join	to:	

●  European	VLBI		EVN	
●  Italian	VLBI			
●  East	Asia	to	Italy	Near	Global	VLBI				

	(EATING	VLBI)	
	

	

	

	

	



The	Sardinia	Radio	Telescope	(SRT):	frequency	coverage	



Science	with	SRT	and	the	Italian	VLBI	



The	Sardinia	Radio	Telescope	(SRT):	pulsars	
SRT is part of the European Pulsar Timing Array (EPTA) 

Large European Array for Pulsars (LEAP): “Pulsar VLBI” 

•  100m Effelsberg Telescope (Germany) 
•  94m-equivalent Nançay Radio Telescope (France) 
•  94m-equivalent WSRT (The Netherlands) 
•  76m Lovell Telescope (UK) 
•  64m Sardinia Radio Telescope (Italy) 

•  Simultaneous monthly pulsar observations at all 5 telescopes at L-band 
•  Record baseband data at each telescope 
•  Coherently combine baseband data from the 5 telescopes to form a phased array 
•  LEAP has a sensitivity equivalent to a 194m dish, similar to SKA Phase 1. Pathfinder for 

next generation of radio telescopes.  

Scientific aim: direct detection of the gravitational wave background 
from merging supermassive black holes using pulsars 



The	Sardinia	Radio	Telescope	(SRT):	GRB	afterglows	

Radio GRB (gamma-ray burst) ejecta produce a relativistic blast wave shock as they 
expand into their ambient environment. This shock accelerates electrons and produces 
synchrotron radiation, which is visible as long-lasting X-ray to radio “afterglow” emission.

Observations of GRB afterglows with SRT are challenging since flux density < 1 mJy 
(Marongiu, Pellizzoni, Egron et al. 2020).

They are essential to constrain the models of GRBs and understand the physics of 
relativistic blast waves.



The	Sardinia	Radio	Telescope	(SRT):	FRB	

Lowest frequency detection of Fast Radio Bursts 

Investigating the 
emission properties of 
the young magnetar 

J1818-1607 

à Fast radio bursts (FRBs) are fast, millisecond-duration, extremely bright (∼Jy) 
bursts that have so far only been observed at radio wavelengths 



The	Sardinia	Radio	Telescope	(SRT):	microquasars	

Multi-wavelength programs from radio to gamma-rays

=> allow us to follow the evolution of the radio emission, in particular the fast, strongly 
variable flux density and structural changes during the transition from compact to 
transient jets moving away from the core of on time scales of hours or days. 
 

=> simultaneous observations to better understand the connections between accretion 
and ejection processes and explore the fast variability in radio, X-rays and gamma-rays.

VLBI observations of Cyg X-3 during a mini-flare (Egron, Pellizzoni, Giroletti et al. 2017)  

Single-dish and VLBI observations



The	Sardinia	Radio	Telescope	(SRT):	SNRs	

•  A powerful laboratory to study the Cosmic-Ray acceleration processes at the shocks and their 
relation to the properties of the circumstellar medium: spatially-resolved multi-frequency investigation 
of the energy distribution of accelerated electrons and the magnetic field conditions.

•  Innovative exploitation of on-the-fly single-dish imaging techniques and data analysis.

W44, IC443 L/C bands 

Egron, Pellizzoni, Iacolina et al. 2017 

multi-feed receiver K ban

Loru, Pellizzoni, Egron et al. 2019 new challenges 

with the Cygnus Loop 

Loru, Pellizzoni, Egron et al. 2020 



The	Sardinia	Radio	Telescope	(SRT):	masers	

Sardinia Radio Telescope observations of Local Group dwarf galaxies – 

I. The cases of NGC 6822, IC 1613, and WLM

(Monthly Notices of the Royal Astronomical Society, Volume 492, Issue 1, p.

45-57, 2020)

by A. Tarchi, P. Castangia, G. Surcis, A. Brunthaler, C. Henkel, M. Pawlowski, K. M. 
Menten, A. Melis, S. Casu, M. Murgia, A. Trois, R. Concu and J. Darling

VLBI observations of the H2O gigamaser in 

TXS2226-184 by G. Surcis, A. Tarchi and P. Castangia 

Astronomy and Astrophysics, Volume 637, id.A57, 12 

pp. ,2020) 



The	Sardinia	Radio	Telescope	(SRT):	radio	galaxies	

  3C129 - Murgia et al. (2016) 
 
Single-dish Spectral-
polarimetry Software  (SCUBE) 
 
 

SRT 
VLA 

VLA 

LOFAR 

Scientific motivation: to determine the age of the synchrotron plasma in cluster radio sources 
  

SRT 

B2 0258+35 - Brienza et al. (2018) 

3C129 

 
MeerKAT - SRT 

Fornax A - Maccagni et al. (2019) 

First SRT scientific publication 

SPECTRAL INDEX 

multiple episodes of nuclear activity 
must have formed the extended 

radio lobes. 



The	Sardinia	Radio	Telescope	(SRT):	intra-cluster	medium	

DIFFUSE EMISSION 
 

ROTATION MEASURE 

Early Science Program SMOG (PI M.Murgia) – 323h at L, C, and K bands 

Scientific motivation: to study the intra-cluster magnetic field properties 

A194 - Govoni et al. (2017) Supercluster - Vacca et al. (2018) 
 CIZA J2242.8+5301  - Loi et al. (2017) 

 
WSRT - SRT 

SRT VLA 



The	Sardinia	Radio	Telescope	(SRT):	intra-cluster	medium	

 1RXS J0603.3+4213 - Rajpurohit et al. (2020) 
 

 
 
First image in polarization of these sources 
at these frequencies and first polarimetric 
image with the SRT K-BAND receiver 

 CIZA J2242.8+5301 - Loi et al. (2020) 
 

K-BAND multifeed observations at 18.6 GHz 

Scientific motivation: to understand the mechanism sustaining these 
sources and the intra-cluster magnetic field 



The	Sardinia	Radio	Telescope	(SRT):	other	

•  Space	Weather	applications	
•  Solar	radio	images	and	related	parameters	are	published		
•  European	Surveillance	and	Tracking	Bistatic	radar	for	LEO	debris	tracking	
•  Radio	frequencies	monitoring	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	

A global collaboration of 16 
countries which is building and 
will operate the next-generation 

radio astronomy observatory  
 

SKA Observatory (SKAO), a new 
Inter-Governmental Organisation 
governed by a treaty, was born on 4 
February 2021.  
 



Headquartered at Jodrell Bank (near Manchester) 
United Kingdom  
 







The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	













The	Square	Kilometer	Array	(SKA)		
Pathfinders	&	Precursors	



The	Square	Kilometer	Array	(SKA)	





The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	



The	Square	Kilometer	Array	(SKA)	

image credit: SARAO, SDSS 

Two giant radio galaxies with MeerKAT   
(K. Knowles et al 2021) 



The	ASKAP	telescope	



The	ASKAP	telescope	



The	ASKAP	telescope©	



The	Square	Kilometer	Array	(SKA)	





The	Square	Kilometer	Array	(SKA)	



Search for terrestrial planets 
Radiation from ExtraTerrestrial 
Intelligence (ETI) 







The	Square	Kilometer	Array	(SKA)	





SKA	VLBI	





•  What are the sources of FRBs?  
•  Is there more than one type of FRB?  
•  Are FRBs exclusively a radio 

phenomenon?  
•  How can we use FRBs as tools to probe 

the cosmos?  
•  What lesson can we learn from reflecting 

on the study of gamma-ray bursts? 







Thank	you!	



Radio interferometry 

1. An interferometer measures the interference 
pattern observed by pairs of apertures  
 
2. The interference pattern is directly related to the 
source brightness.  
In particular, for small fields of view the complex  
visibility, V(u,v), is the 2D Fourier transform of the 
brightness on the sky, T(x,y)  

Radiotelescopes measure the visibility function V(u,v) ∈ C 
which is the FT of the sky brightness distribution B(θ,φ) ∈ R  
 



Radio interferometry 

● A simple interferometer brings in a limited amount of 
information and does not sample the total power  
 
● Ideal interferometers are made up of as many elements 
as possible and provide excellent (simultaneous) sampling 
of the u-v plane  
 
● The interferometer samples V(u,v) in the spatial 
frequency space over a range of baselines 
 
● The u-v sampling determines the PSF = beam = Pn (θ,φ)  




