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VLBI Sources must have non-thermal 

radio emission 

• Active Galactic Nuclei  

• Radio “active” stars 

• Cosmic masers 

Wehrle et al. 1998 
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VLBI from the mid 

1960s on: Active 

Galactic Nuclei 

and their jets 



Radio emission from protostars 



Massi et al. 2008 



Redshift 0.88582 absorption in the HC3N J = 3-2 and 5-4 

lines toward the PKS 1830-211 gravitational lens system 

Sato, Reid, Menten, & Carilli 2013 

MERLIN 
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Background 

quasar 

VLBA: Switch every 15 

 second between maser 

 and quasar. 50% duty cycle 

•  

a few 

degrees 

Phase referencing 

• Allows imaging of weak 

sources 

• Provides excellent 

astrometric accuracy 

(down to 10 µarcsec) 



VLBI Trigonometric Parallaxes 

radio source 

http://veraserver.mtk.nao.ac.jp/outline/vera2-e.html 



Parallax Signatures 



K-band image              
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Menten et al. 2007 
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Mapping the Milky Way 

Artist conception: Robert Hurt (NASA:SSC) 

• Preliminary results for 62                 

  parallaxes from VERA, EVN &  

  VLBA: 

      blue    (sd < 0.5 kpc)  

      green (sd > 0.5 kpc) 

 

• Tracing outer spiral arms 

 

• Inner, bar-region is messy 
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Inner Perseus Arm (Zhang et al. 2013) 



Catalogued 6.7 GHz CH3OH Masers 

 near kinematic distance         

 far kinematic distance 

Masers with parallaxes 





Cape Verdean 

Islands 

Mauritius 



 HIPPARCOS 
(HIgh Precision PARallax COllecting Satellite) 

118,000 stellar parallaxes  

   sp ~ 0.001 arcseconds (1 mas) 

  10% accuracy at 100 pc… 

  mapped solar neighborhood 

 

Next great space missions: 

   GAIA & SIM: ~10 mas  

 

(Perryman et al 1997 A&A 323 49) 



European VLBI Network 



East Asia VLBI Network 



http://veraserver.mtk.nao.ac.jp/outline/vera2-e.html 

VERA 



The Long Baseline Array (Australia) 



Global VLBI Network 



VLBA 



 The Very Long Baseline Array (VLBA) 

• Radio waves “see” through 

 galaxy 

• Can “synthesize” telescope 

 the size of the Earth 

Angular resolution:  

  qf~l/D ~ 1 cm / 8000 km = 250 mas 

Centroid Precision:   

   0.5 qf / SNR ~  10 mas 

Systematics:  

   path length errors ~ 2 cm (~2 l) 

   shift position by ~ 2qf  ~ 500 mas 

Relative positions (to QSOs):  

   DQ ~ 1 deg (0.02 rad) 

  cancel systematics: DQ*2qf ~ 10 mas 



VLBA 





e-VLBI 
• connects VLBI radio telescopes in real-

time, while still employing the local time 

references of the VLBI technique. 

• Gigabit per second links via 

• their National Research Networks 

and 

• the Pan-European research 

network GEANT2  

IRC+10420 



Modern VLBI requires: 
• Broad receiver bandwidths. Gives: 

• Good continuum sensitivity 

• Frequency agility (e.g, for redshifted 

spectral line) 

• Fast switching 

• A dedicated network, allowing repeated 

observations 

• Broad bandwidth connectivity 

• Appreciable collecting area  

• A really good science case! 


