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Motivation 
 
 
 
 

 
Ø  The ISM around AGN or nuclear SF regions provide  
      a unique probe of the physical conditions and processes 
 
Ø   HI and OH in absorption against strong cores reveal 

§  Narrow and deep (typically τ>0.01) absorption 
   (e.g. from circumnuclear discs) 

§  Broad, blueshifted and shallow (τ~<0.001) 
      absorption systems 
 

Ø  The terminal velocities of these scale with nuclear LFIR 
  

 
Ø  In some galaxies evidence for massive outflows 
 
Ø  Broad, blueshifted absorbers jet-ISM interactions? 

EVN 2015 vision document 
 
Morganti et al. (2005) 
Baan (2007) 
 



European VLBI Network (EVN)   
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§  The most sensitive standalone VLBI array 
  
§  Where data rates do not help, large  
dishes will: particularly well suited for HI  
absorption on parsec scales! 
 
§  High redshifts (below ~1300 MHz) partial 
coverage though, and RFI can be annoying 

 
 
 
 

§  Central Processor: JIVE, Dwingeloo, NL 

§  Three observing sessions per year 
 
Proposal deadlines: 1 Feb, 1 June, 1 Oct 
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         21cm EVN status 

http://www.evlbi.org/user_guide/EVNstatus.txt 
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Data and pipeline products in the EVN Archive 

http://archive.jive.nl/scripts/listarch.php 
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   EVN Data Reduction Guide 

http://www.evlbi.org/user_guide/evn_datareduc.html 
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      Science Support 

Ø  Dedicated “black-belt” support scientists 

Support from proposing and scheduling to data reduction (at JIVE if you like) 
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A science driver for the EVN 
 
 
 
 

 
Ø  First EVN MkIV Data Processor science result 
 
 
Ø  NGC4251 HI absorption against the nucleus 

      van Langevelde et al. (2000), A&A 354, L45 
 
 
 
Ø   5th EVN Symposium 2000, Onsala  

       Five HI absorption papers, different authors 

Ø  13th EVN Symposium 2016, St. Petersburg 
 
       None – need to shake up the community? 

Ø  MkIV correlator retired è SFXC 

       New features include Hanning, Hamming smoothing 
       filterbank mode and spectral zooming 
 
       Keimpema et al. (2015) 
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Recent results I. AGN jets & large scale outflows 
 
 
 
 

Morganti et al., Science,  
341, 1082, 2013 

4C 12.50 global VLBI 

Young radio source in an ULIRG at z=0.1217 
 
 
 
Ø  Radio jet driving large scale outflow of atomic and molecular gas 
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Recent results II. The ISM on tens of pc scales 
 
 
 
 

Ø  ISM small scale structure: how cold gas is converted to stars? 

      The structure and turbulence of the neutral medium determines  
      the size distribution of molecular clouds and therefore the stellar  
      initial mass function. (Paduan & Nordlund 2002) 
 
 
Ø  Galactic HI studies: ISM as “blobby sheets”? 
    
      Cold an warm neutral media has sheet-like structures with  
      embedded cloudlets. (Heiles & Troland 2003) 
 
     
Ø  Use background radio-AGN to study nearby galaxies?  
       
      With VLBI one can probe ISM scales of tens of pc (these 
      spatial scales cannot be studied with other methods) 
 
 
Ø    A background CSO – nearby dwarf galaxy pair 

     J0855+5751 at z=0.54 
     SDSS J085519.05+575140.7 at z=0.0026 
 

 

J0855+5751 
 
 
  
 
 
 
 
 
 
 
 
 
 

Biggs et al. (2016) 
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Recent results II. The ISM on tens of pc scales 
 
 
 
 

Ø  Observed x5 change in optical depth over 6 pc 

      Supports the blobby sheet model of the ISM 
 

J0855+5751 global VLBI 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

Biggs et al. (2016) 
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HI line detection limits for EVN 
 
 
 
 

When we target HI absorption on tens of pc scales, e.g. to image blue-shifted swept-up 
gas in front of weak continuum, we are typically in the mJy regime – challenging! 
 
Full EVN, 10hr integration, 0.5 MHz channel (~100 km/s): 

 ~64 μJy/beam rms noise (EVN only) 
 ~25 μJy/beam rms noise (adding SKA1-MID or FAST!) 

4C 12.50 
Additional issues: 
 
q Current EVN redshift-limited to z ~ 0.12 

q Bandpass calibration is critical 

q Lots of RFI at and below 1.4 GHz 

q Not all cases show absorption clearly distinct from 
systemic velocity 

q Expect velocity spread over ~1000 km/s 

But it worked in 4C 12.50   è 
Northern jet: HI absorption by nuclear gas at systemic velocity 
Southern jet termination shock: blue-shifted HI 
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Minimum optical depth 
 
 
 
 

Detectable opacity for 10 mJy continuum, 7σ: 
 τ min, peak = 0.05 (EVN only); 0.02 (SKA-VLBI) 

4C 12.50 

For comparison, 4C 12.50 again: 
 
 
(Note here τ~Sline/Scont is from WSRT data,  
assuming all unresolved continuum emission;  
true opacities are significantly higher − these 
can be better estimated with VLBI resolution) 

Dashed line: WSRT spectrum; black line: global VLBI  
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HI column density 
 
 
 
 NHI = 1.8×1018 Tspin τpeak FWHMline   è   few 1020 −	 1021 cm−2	  

          (100 K;  0.02-0.05; 100 km/s)                              (4.6×1021 cm−2 in 4C 12.50) 
 

 
Will need additional sensitive elements in the VLBI network, 
like SKA1-MID and FAST, to push these limits further!  
 
 



Looking forward… 
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Ø  e-MERLIN – EVN integration on the way 

    Short spacings on few 100 km 
    Fringes just detected in SFXC for e-MERLIN telescopes 

Ø  New large telescopes coming online 

    Besides Tm65 and Sardinia, FAST, e.g. the 110m QiTai Radio Telescope 

Ø  SKA-VLBI becoming a reality in a few years 

    “Band 2” remains largely unaffected by CCP 
    Initiate a SKA-VLBI Key Science Project for HI ? 

Ø  “The EVN future” process has started 

    Will need input from the community to define key science areas 


