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 VLBI probes angular scales <1 mas to 100 mas  

         1014  1016 cm (or 5  500 AU) @ 5 kpc 

         1  100 parsec @ 200 Mpc (redshift of 0.05) 

         7  700 parsec @ z = 4 

 There is a gap in angular resolution between VLBI arrays  

and connected element interferometers, the 0.1  1 arcsec  

(only probed by e-MERLIN) 

 

 SKA1-mid will be a unique instrument not only because  

of its sensitivity, but also because of its resolution of 0.2”  

(so we hope).  

 

 Combination of SKA1-mid interferometer and  

VLBI data (including  SKA1-mid as a tied array) will  

provide a full picture of astrophysical objects from  

a few AU to thousands of AU within the Galaxy, or  

from a few pc to several kpc in high redshift objects 

 

Figure: Krichbaum et al. (1998) 

Angular scales probed by VLBI  
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     Radio-loud AGN: TB = 1010.5 K, 
synchrotron self-absorbed compact jets 
 
     

 
 

 
 
 3C120: (N)EXPReS global e-VLBI array  

Why do we need high resolution? 

 
 Superior resolution enables measuring brightness  

temperatures in excess of 106 K (and up to TB~1012-13 K): 

     - distinguish between thermal/non-thermal processes 

     - distinguish between various sources of synchrotron  

       emission (e.g. AGN vs. star formation) 

 

 TB determination is very sensitive to the accuracy of 

flux density and size measurements 

 

 SKA1 interferometer data will help to improve VLBI 

absolute flux density calibration from 10% to 1% accuracy 

 

 VLBI array incl. phased-up SKA1 will allow the 

detection and accurate size measurement of  the  

0.1  1 mJy source population, rarely probed before  

at high resolution (a good fraction of which are AGN; 

most known Galactic and extragalactic synchrotron 

Transients lie in this range as well) 
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EVN detects sub-mJy AGN 
         J015028 
 
 
 
 
 
 
 
 
         J092159 

 
Alexandroff et al. (2012) 

10 mas 



High resolution: astrometry 

 Most importantly, VLBI provides to date the most 
precise astrometry (but GAIA has been just 
launched to challenge this in the optical) 

 

 Current VLBI is limited by phase calibration for 
bright sources, and SNR for faint sources – SKA1-
VLBI will significantly improve both 

 

 From the current routine of 100 as (or in some 
cases, down to 1020 as) we will go down to 
the 1 as regime) with SKA1-VLBI  

 

 To achieve this, we will need either “in-
beam” calibration, possiblye if we keep all 
individual telescopes (but too many dishes: 
form phased-up subarrays of 6-7 antennas 
in the core, each sub-array with VLBI 
terminal?), or  

 

 … we need to form a number of VLBI beams 
(see details in Adam Deller’s talk) 
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10’20’ 

16 sub-arrays, ~50m each (smaller is better) 

Full core (<1000m), N beams 

~1 



High resolution: astrometry 

Being sensitive to tiny displacements/structural variations allows  

to measure the following very accurately: 

 

 Source expansion / apparent jet speed  

 Proper motion 

 Parallax (distance!) 

 

SKA HQ, 27-28 Jan. 2014 Science Assessment Workshop 

Faint synchrotron radio transients in the Local Universe (as an example) 

• d  200 Mpc corresponds to z~0.05 

• For 1 mas (typical global VLBI) resolution at 5 GHz, the corresponding linear size is 1 parsec @ z=0.05 

• Within 200 Mpc, relativistically expanding source can be resolved within ~a month with SKA1-VLBI: 

  100 Jy source, SNR>100 in 1h =>  size >~0.05 mas detectable, using  

  min~ 0.6  SNR0.5  beam     (Martí-Vidal, Pérez-Torres & Lobanov 2012) 
 
• Within 200 Mpc, relativistic, collimated ejecta can be resolved with SKA1-VLBI within ~a week ! 

   100 Jy source, proper motion measured in the ~10 as regime,  

   
min

~
 
 

beam
 / (2  SNR) 



Opening up the radio transient parameter space  

Kulkarni & Kasliwal (2009), PTF/LSST white paper  
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 Recent optical surveys like the Palomar Transient Factory have opened up the parameter space. 

With this, several types of “gap transients” have been identified; these various explosive phenomena  

require new physical models 

 The SKA1 arrays will do the same in the radio. They will be important sources of trigger,  

but will also serve as follow-up instruments. All transients are very compact (at least  

initially):  VLBI capability is a must!  



Triggering VLBI-mode 

 Fast response and high  

cadence follow-up is essential 

(timescales are not always known 

very well)  

 

 Even an SKA1-mid subarray+ 

a few AVN antennas could do a  

great job, if very flexible! 

 

 Consider (some of) SKA1 

outstations for rapid VLBI  

when core is engaged with  

low-resolution projects?      

 

 

 

 

From the final report of the  

Locating Astrophysical Transients 

Workshop, LC, Leiden, 2013 
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I.  Black Hole X-ray Binaries 

 Very high resolution is valuable for  

measuring ejecta apparent speed, and its 

deceleration  

 

 For identifying stationary, flat spectrum  

radio core; this in turn will result in parallax  

(distances poorly known) and proper motion, 

therefore measuring SN kick velocities, 

that provide information on how stellar-mass  

BH form 

 

 Note scatter-broadening is a serious  

threat to VLBI studies of transients in  

certain parts of the Galactic Plane and  

in the GC below ~8 GHz! 

 

Left: a typical X-ray transient, XTE J1752-223 

(Yang et al. 2010, 2011) 

SKA1-mid/survey with the EVN and LBA will 

have a sharper view of these low-dec targets 
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Radio core 



II.  Sources of TeV emission 

 Localizing radio counterparts of TeV 
flares helps with the correct interpretation: 
in this case, BH on close orbit around a  
massive early-type star   
 
Moldon, Ribó & Paredes, A&A, 533, L7, 2011 
 
 

 The unexpected Crab TeV flare with the 

e-EVN+Merlin outstations: short spacings are 

(<100 km) extremely useful additions to the 

VLBI array to detect similar phenomena 

 

Lobanov et al., A&A, 533, A10, 2011 
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HESS  J0632+057, -ray BH binary candidate 

TeV flare near the Crab-pulsar 

e-EVN  HST                e-EVN  Chandra  



 III.  Cataclysmic variables 

SS Cyg, a dwarf nova 
 

 Radio detections challenging, require very fast 
response to optical triggers 
 

Körding et al. (2008) 

 

 

 

 

 

 

      

 

 

 

 Triggering VLBI (VLBA & e-EVN) made very 
accurate parallax measurement possible 
 

 Proved accretion theory correct 
 

Miller-Jones et al., Science, 340, 950, 2013 
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IV.  Nearby type II supernovae 

A spectacular supernova factory in ARP 299A 

 

 IC694 (=Arp299A) is an ULIRG galaxy with intensive SF.  

Most of the SNe are hidden by dust at optical wavelenghts. 

 

 A number of new radio sources appear in a few months  

time; there are 26 radio sources in the central 150pc.  

 

 SNe tell us about the star formation rate and the ISM. 

      

Perez-Torres et al., 2009, A&A 507, L17 

 

 

 SKA1-mid/survey will see a number of optically  

hidden SNe. Sub-arcsecond resolution is necessary 

to resolve these dense regions of SF.  

Their environment can be probed by VLBI. 
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V. Relativistic SNe, GRB 

 Death of massive stars: Collapsar model 

 

 VLBI confirmed for only GRB030329 (Taylor et al. 2004, …) 

 

 SKA1-VLBI: model independent probe of expansion within 

a few weeks, while jets are still highly relativistic  

      

 

 

 

 

 

 

 

 Mildly relativistic jets in the 

more powerful Ib/c SNe  no 

model-independent evidence yet, 

in spite of claims by 

Paragi et al. (2010)  
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Masaomi Tanaka 

SN2007gr 
 
 
 
 
EVN+GBT 

Woosley (1993) 
MacFadyan & Woosley (1999) 

Granot & Loeb (2003) 



VI. Tidal Disruption Events: Sw J1644+57 
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Zauderer et al. (2011) 

Berger et al. (2012) 

Prediction for VLBI  SKA1-VLBI in the CX-bands will do better for  0.1 mJy 

sources than current VLBI in the K-band for ~1 mJy ones 

 

 

Right: 

In-beam phase-referencing  

monitoring project, aiming  

for ~10 as accuracy, 5 GHz   

(Jun Yang et al.) 

2011 Apr 12, e-EVN       2012 Mar 8, EVN 



TDE: key to detect seed black holes? 

 SKA1 will see all flaring BH down to at least 104 MSUN  

within ~100 Mpc; Sw J1644+57–like events out to much 

greater distances 

 

 Resolution well below arcsecond is needed to detect  

the sub-mJy flaring events, and also to study the  

quiescent MBH population 
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MBH   relation 
 
 
 
 
 
 
 
 
 
 

Barth, Greene & Ho (2005) 

Supermassive BHs in the centre of galaxies 

 

 Important role in host galaxy evolution 

 The low-mass population of central SMBHs is  
little known ( MBH, 104105 MSUN )  

 Where are the left-over seed BH required by 
structure formation models?      

VLA: Nyland et al. (2012);   VLBI: Paragi et al., submitted 

VLA (”), ~2 mJy                          EVN <35 Jy 

NGC404, 4.5105 MSUN, quiescent, LEdd ~106 


