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“We live in golden age of astronomy and radio 
astronomy”

“Scientific impacts of a new telescope which 
improves observational characteristics by at least an 
order of magnitude are hard to predict”



We live in a golden age of RA
• Table 1 Major VLBI networks in the Northern 

Hemisphere – from T. An, B. W. Sohn and H. Imai, 
Nature Astronomy, 2018 (next slide)

• FAST (500 m) 
• In the SH: LBA (Au, NZ, ZA); future African VLBI Network 

(AVN), SKA pathfinders ASKAP, MWA, MeeKat, 
AuScope, ALMA, AOV, EDGE, etc. 

• Global: geodetic IVS network
• Space VLBI, which started from VSOP, now RadioAstron, 

Chinese twin space RTs (?), hopefully more in the 
future. 



from T. An, B. W. Sohn and H. Imai, Nature Astronomy, 2018





Antenna conversion examples

Australia Ceduna - operating Japan Yamaguchi - operating Peru Sicaya – First light 2011/03

New Zealand 
Warkworth – first light  
4 July 2014

Ireland Elfordstown –
handed over 2011/05

England Goonhilly –
funded 2012

Japan Ibaraki -
operating



SKA-SA Partner Satellite Stations
Kenya
Longonot

Zambia
Mwembeshi

Ghana
Kutunse

South Africa
Hartebeesthoek
Telkom

Madagascar
Tsirinana



FAST, China



The maximum zenith angle is z = 60 degrees (the effective illuminated 
aperture is reduced to 200 m). The effective illuminated aperture is 300 m at  
z < 26.4 degrees.

Maximum frequency is 3 GHz

FAST, China

Not much of common sky with 
the SKA-MID in Africa



SKA + VLBI
1. Will VLBI be enhanced by SKA?
2. Will SKA be enhanced by VLBI?

They are different questions
1. Yes, in two ways: 

• Both SKA and FAST will increase sensitivity of VLBI 
surveys significantly (next slide)

• SKA will allow very important phase-referencing
• When an SKA antenna looks at a calibrator in the primary FoV, 

the rest at the target source
• Cluster-Cluster technique of phase-referencing

2. Increase of baselines from 102 km (SKA1) and 103

km (SKA2) to 104 km (VLBI) and maybe even 105 km 
(SVLBI) – therefore greater angular resolution 



• Fig 1 from Gurvits



SKA + VLBI
1. Will VLBI be enhanced by SKA?
2. Will SKA be enhanced by VLBI?

They are different questions
1. In two ways: 

• Both SKA and FAST will increase sensitivity of VLBI 
surveys significantly

• SKA will allow very important phase-referencing
• When an SKA antenna looks at a bright calibrator in the 

primary FoV, all other antennas at the target source
• Cluster-Cluster technique of phase-referencing

2. Increase of baselines from 102 km (SKA1) and 103

km (SKA2) to 104 km (VLBI) and maybe even 105 km 
(SVLBI) – therefore greater angular resolution 



SKA+VLBI Angular Resolution 

at 5 cm wavelength (6 GHz)

Angular resolution
100 km 100 mas

1000 km 10 mas
10,000 km 1 mas

100,000 km 0.1 mas

Baseline



SKA+VLBI Angular Resolution 

Band 5: 4.6 – 12 GHz





SKA+VLBI Sensitivity

Paragi et al. 2015



Even in the early science phase (50% SKA1-MID 
sensitivity) SKA+VLBI will match or exceed the current 
capabilities of the typical e-EVN configuration, but will be 
capable of accessing the entire southern sky, including 
tracking the Galactic centre for many hours!

SKA+VLBI Sensitivity



Astrometric accuracy

• Astrometric observations with current instruments 
are capable of reaching parallax precisions of 10 
μas (e.g. Deller et al. 2013; Nagayama et al. 2011; 
Zhang et al. 2013; Reid et al. 2011).

• SKA-VLBI has the potential to reach parallax 
accuracies of 3 μas or better, sufficient for a precise 
distance to any Galactic object along a line of sight 
and masers in the Local Group galaxies.



Paragi, 2017



Science with SKA + VLBI

Surveys of extragalactic sources

• The radio sky at metre to centimetre wavelengths is 
dominated by extragalactic sources. 

• At higher flux densities (Jy to tens of mJy) most of 
them are Active Galactic Nuclei (AGN). 

• At lower flux densities starburst galaxies dominate 
the source count statistics (Condon, 2004; Garrett, 
2004). 



Simulation  based on source counts : Starburst are blue, AGN are red. 

Giovannini, 2014



Extragalactic surveys

• VLBI surveys of extragalactic radio sources provide 
wealth of information on the nature of physical 
phenomena in the vicinity of AGN

• Three pillars of AGN paradigm:
• Accretion on the massive central object (Begelman et al. 

1984),
• Relativistic ejection from nuclei (Rees, 1996), and 
• Relativistic beaming (Shklovsky, 1963).

• Understanding physics of the central engine of AGN 
requires significant improvement in resolution 
(Rees, 2001)



The change of morphology from ‘‘core-jet’’ to ‘‘core 
only’’ takes place around the angular scale of 1 mas.

after Gurvits, 2004

VLBA

VSOP







Masers

SKA1 receivers will cover
• the hydroxyl (OH) ground- and excited-state maser 

transitions (at 1.612, 1.665, 1.667, 1.720, 4.765, 6.030 
and 6.035 GHz), 

• methanol (CH3OH) maser transitions (at 6.668 and 
12.178 GHz),

• and other rarer maser transitions such as from the 
formaldehyde (H2CO) molecule (at 4.8 GHz).

SKA2
Possibly water (H2O) masers at 22.235 GHz.



Maser astrometry

• Direct measurement of the distance and proper 
motions of individual young and evolved stars, 
calibrating their astrophysical properties.

• Refining parameters of Galactic rotation and the local 
standard of rest; 

• Refining the distance to the Galactic centre; 
• Establishing accurate configurations of the spiral arms. 
• Maser lines can be used to trace star forming regions, 

the circumstellar envelopes of evolved stars.



• The large-scale Galactic magnetic field through 
combining Zeeman measurements of hydroxyl masers 
with Galactic structure determined through parallax of 
these objects; 

• Zeeman measurements of methanol masers will allow 
study of small-scale fields around young massive stellar 
objects.

Maser astrometry



100 
objects



SKA-VLBI and Gaia

• Gaia – 1 billion stellar parallaxes
• The radio astrometry of VLBI with the SKA and the 

optical astrometry of Gaia will be highly 
complementary: 

• the SKA providing distances to the dust enshrouded 
regions and individual evolved stars, 

• Gaia – distances to the formed and optically radiant 
stars. 

• Gaia’s ability to penetrate the dust is limited.



Masers in the Magellanic Clouds 
and Beyond 
• The SKA will have the sensitivity to make astrometric 

observations of significantly more maser sources in the 
LMC (50 kpc), SMC (62 kpc) and other Local Group 
galaxies than can be achieved with current facilities.

• Allows study rotation, distances and proper motions 
(hydroxyl, methanol and water masers)

• The LMC and SMC are a benchmark for studies of a 
variety of topics, including stellar populations, the 
interstellar medium, and the cosmological distance 
scale

• Interaction between our Galaxy and LMC/SMC is 
obvious; star formation bursts can be studied in more 
details.



Ultra-precise Astrometry of Pulsars

Ultra-precise astrometry at the μas will be possible out to a 
distance of tens of kpc with SKA+VLBI. 
Achieving this for a large fraction of the radio pulsar 
population detected by the SKA Galactic Pulsar Census will 
enable 
• strong field tests of gravity in a broad range of relativistic 

binary systems (Kramer & Stappers 2015; Shao et al. 2015), 
• the detection of the gravitational wave background (Janssen 

et al. 2015), 
• tomographic modelling of the large scale Galactic magnetic 

field and mapping the ionized interstellar plasma in the 
Galaxy (Han et al., 2015), 

• constraining the physics of neutron stars (Watts et al. 2015). 



Thank you !
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