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The European VLBI Network

Ø Combining some of the most powerful telescopes in the world: 
Ø To detect extremely weak signals, and image them at the highest detail

JIVE
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Ø Central data processor and data archives at JIVE
Ø The EVN Software Correlator (SFXC) flexible operations: real-time e-VLBI, 

continuum, spectral line, pulsar binning, fast transients, multiple phase-centres

Photo: Zsolt Paragi
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EVN Vision Document 

Ø The VLBI20-30 scientific roadmap has 
been published and printed

Ø JUMPING JIVE WP7 final deliverable

Ø A technological roadmap was derived 
from the science requirements

arXiv:2007.02347
https://arxiv.org/abs/2007.02347



The EVN Transformation
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Ø Technical developments (sensitivity; e-VLBI; SFXC) transformed our science

Ø There is a globalization in astronomy, preferring large collaborations around 
cutting edge instrumentation 
(simple citation counts thus may also be misleading, but still…)

Top-100 most cited papers
with EVN data



The EVN Transformation
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Ø Following global trends also meant broadening science scope
(Galactic and extragalactic astronomy as well as transients science)

Ø Further steps require exploiting synergies with multi-messenger astronomy, 
SKA, EHT etc. as well as exceling data mining and processing techniques and  
developing the EVN Archive

Top-100 most cited papers with EVN data
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EVN Science Example

Ø Fast Radio Burst (FRB): mysterious flashes of millisecond duration
Ø EVN is the only instrument capable of FRB localization on milliarcsecond scales

(doing “SKA science” today)

Marcote et al. (2020)

FRB 180916.J0158+65



Wide-field VLBI: our former “big data” challenge
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Radcliffe et al. (2018)

Ø Terabytes of data per experiment è needs averaging è drastic decrease of FoV
Ø Wide-field correlation è shift uv - data to a large number of phase-centres for averaging
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Workflow of EVN Science

Ø Usually from science idea to publication is year(s) timescale

Ø From idea to data can be accelerated if justified

ü Student projects are favorably judged, and brought forward in the correlation queue as well
ü Target of Opportunity projects are much shorter timescale (especially with real-time e-VLBI)

1. Science idea 2. Proposal writing 3. Evaluation by
the EVN PC

(Programme Committee)

4. Schedule the 
observations

5. Observations
(typically either in regular 
disc session or using real-

time e-VLBI)

6. Correlation
(unless real-time e-VLBI)

7. Calibrate and 
reduce the data

8. Science
(publish or perish; and 
acknowledge EVN and 
JIVE!)



Why VLBI is special?
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Ø Compared to connected elements interferometry:
o Independent clock/frequency standards + troposphere & ionosphere mean special 

ways of processing required: FRINGE-FITTING (and more…)
o Data recording & transport (disc/electronic-VLBI) may introduce special issues  
o Off-site data processing: access from correlator archives

HELP!



Why VLBI is special?
SPARSE UV-COVERAGE

“DIRTY” MAPS
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Ø Moreover:
o Sparse, typically heterogeneous arrays
o Individual stations with special issues  
o Non-trivial scheduling, observing and 

processing
è Users require extensive help 



User Support & Training

DATA: EVN Archive

OBSERVATIONS

Science interaction/
conferences (proposal

idea)

Proposal preparation

Scheduling

regular session:
schedule checking

e-VLBI: schedule
preparation

Correlation

Data preparation

Pipeline products

FITS �le

metadata

UVFLAG

ANTAB

CHFLAG
EVN Support

EDUCATION &
TRAINING

Data Reduction Guide

Summer Student
Programme

European Radio
Interferometry School

Africa training

SCIENCE

JIVE science

Science with the EVN

EVN Status Table

EVNCalc
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Ø A mind map of the various activities in the support groups 
Ø 2-3 postdocs (50-50%) + 3 permanent staff 

EVN & User Support at JIVE
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Workflow of EVN Science – User Support 

Ø User support at JIVE is available for all (most) of the above steps

ü Science idea: check feasibility with JIVE provided tools and with support scientists!
ü Proposal writing: check requested array, observing strategy and correlation mode with us
ü Schedule observation: we will double check it for you (e-VLBI: extensive schedule support!)
ü Observations: EVN support, fringe tests etc. - the observations are done for you!
ü Correlation: we prepare FITS files, calibration metadata, we run a pipeline => EVN Archive
ü Data reduction: you do this, but help is available online or at JIVE – visit us!

1. Science idea 2. Proposal writing 3. Evaluation by 
the EVN PC

(Programme Committee)

4. Schedule the 
observations

5. Observations
(typically either in regular 
disc session or using real-

time e-VLBI)

6. Correlation
(unless real-time e-VLBI)

7. Calibrate and 
reduce the data

8. Science
(publish or perish; and 
acknowledge EVN and 
JIVE!)
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Proposal idea

Ø Checklist before submitting a proposal

ü Science idea: Do you have well-defined science questions the observations will answer?
ü Would the target be visible for arrays in the Northern hemisphere?
ü Do you know its coordinates accurately enough (typically within an arcsecond)? 
ü Is milliarcsecond (mas) – scale resolution necessary to achieve the science goals?
ü Does the target source have structure in the mas-100 mas(-arcsec) range detectable by the 

EVN(+e-MERLIN)?
ü Was the source observed before? Is it justified to obtain new data?
ü Do you have an observing strategy (required array, frequency, uv-coverage, sensitivity)? 
ü Do you have a calibration strategy (phase-referencing y/n, amplitude & polarization 

calibrators) 
ü Do you have a correlation strategy (e.g. for field of view, multi-phase centres y/n)? 
ü Would the project benefit from real-time e-VLBI correlation / rapid response?
ü …

Þ Submit your proposal
Seek for advice:

usersupport@jive.eu

zparagi@jive.eu
(Zsolt Paragi, Head User Support)



Proposal submission
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Þ Submit your proposal through NorthStar 
– you will need an account!
https://proposal.jive.eu

Sign up for the VLBI exploders
http://mailman.astron.nl/listinfo/evntech
https://listmgr.nrao.edu/mailman/listinfo/vlbi

Check the EVN web pages:
https://www.evlbi.org/using-evn



EVN Calculator
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http://www.evlbi.org/cgi-bin/EVNcalc



EVN Observation Planner
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https://planobs.jive.eu/

beginners experts

Ø More extensive help to plan an observation or to prepare for 
proposal submission, including array selection, target visibility 
at telescopes, uv-coverage, resolution and more…



Data and pipeline products
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http://archive.jive.nl/scripts/listarch.php
http://www.jive.eu/select-experiment



Data and pipeline products
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http://archive.jive.nl/scripts/listarch.php
http://www.jive.eu/select-experiment

WARNING: This is a transitional period

Ø Currently the pipeline products are only available for the AIPS ParselTongue 
pipeline (standard package / processing in the past decades)

Ø We are moving over to a CASA-based solution (Notebooks, see later)

Ø The tutorials later will therefore be for CASA



EVN Data Reduction Guide
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http://www.evlbi.org/user_guide/evn_datareduc.html



EVN Data Reduction Guide
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http://www.evlbi.org/user_guide/evn_datareduc.html

AIPS CASA
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Education and Training

Ø No archives can fully replace human interaction in knowledge transfer
Ø Improving user experience, forming a healthy community are also important

(VLBI is about collaboration on global scales, after all!) 

Helpers during the ERIS 2018 VLBI tutorial in Dwingeloo



Education and Training: Africa
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Ø Jumping JIVE work package “VLBI in Africa”
Ø Training the SKA generation
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User Support: visit JIVE!

Ø Users visiting for real-time e-VLBI observations (left)
Ø Data reduction visits (right)
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Access to the EVN*

Ø RadioNet, funded by the EC Horizon 2020 Research and Innovation programme

Ø Trans-national access back since January 2017. Eligibility rules:  
• The PI is from an institute in a country of the EU or Associated States
• The same criterion, but applied collectively to 50% or more of the individual members 

of the research team
• The research team is defined by the co-authors listed on the observing proposal, and 

the association of researcher with institute remains fixed at that shown on the proposal

Ø Acknowledge please!
• EVN (with project code)
• e-VLBI
• TNA support

* Will be updated soon. More information:

TNA support – see Bob Campbell
JIVE visits arrangements – see Zsolt Paragi

http://www.evlbi.org/access/access.html



N14C3: Data reduction*
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Ø VLBI experiments have a code, starting with
E – for EVN, G – for globals (EVN+VLBA), R – rapid response science
N – network monitoring experiment, F – fringe-test

Usually followed by PI’s surname initial, and a number: e.g. EP100

Ø N14C3 has no PI, it is a Network Monitoring Experiment, observed in 2014, in 
band C (5 GHz), in session 3 during the fall

Ø These experiments are not going through the EVN PC, they are organized by 
JIVE staff, to frequently monitor telescope performance 

Ø For these purposes, few hours observations on bright calibrators are required

Ideal for tutorial purposes as data has a size of ~3 GB, small compared to typical experiments 
with size often exceeding 10 TB.

*By “Data reduction” we mean the process of calibrating our data and then – for most purposes 
– do some averaging in time and frequency, reducing the data size. 

**The following is based on Jack Radcliff’s DARA presentation in 2019. 



N14C3: the observations
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Ø 22 October 2014
for 3 hours

Ø Targeted 5 sources 
(including fringe-finders, 
phase calibrators) and
target sources

Ø Observed at C-band
(5 GHz)

Ø Sweet spot for VLBI as:
ü Receivers are sensitive
ü Sky noise is low
ü Has limited impact

from the atmosphere



N14C3: the observations
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Ø 12 antennas used
(highlighted in yellow)

Ø Data recorded on disc

Ø DPFU & Tsys measurements
• Used to set the flux scale of the observations       

Ø Gain curves are also available
• Elevation-dependence of sensitivity, 
• Taking into account the atmosphere as well 

Ø Data correlated at JIVE

Ø IDI-FITS file and calibration data
available from the EVN Archive



N14C3: observing strategy
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The experiment is scheduled with bright and compact sources
- these may serve various purposes such as

Ø Fringe-finder: usually the brightest sources to easily solve residual delays on a subband
per subband basis  

Ø Phase-calibrator: a compact and still relatively bright source within a few degrees of the 
target, to provide regular solutions to the residual fringe delay, rate and phase; must be 
observed frequent enough, to provide solutions within the coherence time, to avoid 
decorrelation losses 

Ø Amplitude calibrator: usually the most compact and relatively bright sources, with 
correlated flux densities not dropping significantly at long u-v distances; note there are no 
absolute flux density calibrators for VLBI, all compact sources are variable!



N14C3: observing strategy
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Starts at 12:00 UT – end at 15:00 UT



N14C3: correlation
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Ø Correlator used: done at JIVE using the SFXC correlator

Ø Clock-searching: the initial step before the correlation. A short segment of fringe-finder 
data is used to measure (and correct for) a the bulk of the residual delay between correlator 
model and the data. At this stage it is usually dominated by clock errors.

Ø Correlation: a process of coherently combining the data on each baseline; this usually 
results in time and frequency resolution of 1-2 seconds and 0.5-1 MHz per spectral channel 
(for standard continuum experiments). A time-dependent calibration of further residual 
delays, rates and phases is necessary in post-processing the data.  

Ø Sources of additional delay errors can be:

𝜏obs = 𝜏geo + 𝜏rot + 𝜏str + 𝜏trop + 𝜏ion + 𝜏ins + enoise
ü Source coordinates, telescope positions, Earth Orientation Parameters (EOP)…
ü Source structure
ü Atmosphere
ü Instrumental delays, electronic path effects



N14C3: the data
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Ø Phase (up) and 
amplitude (down) vs. 
frequency plots 
(shown for the upper 
four subbands)

Ø Signal-to-noise ratios 
are excellent 
(for now, consider 
only the parallel hands,
RR and LL)

Ø Amplitudes: the values 
show raw correlation 
coefficients; notice filter 
shapes - bandpasses

Ø Phases: frequency 
slope (delay) must be 
corrected for



N14C3: calibration strategy
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Ø Preparations: apply parallactic angle correction (corrects for feed rotation of Alt-Az 
antennas), apply a-priori flag tables (if available), look at your data! Identify bad subbands
or antennas that may need flagging (do a few A&P vs frequency plots). Find a suitable scan 
with all telescopes providing good data. 

Ø A-priori amplitude calibration: apply Tsys measurements and gaincurves. This provides 
an approximate flux scale (accurate to 10-15%). To refine this, one would need to measure 
the flux density of one or more VLBI calibrators by comparing them to a primary flux 
calibrator source, using arrays with shorter (~>100 km) spacings. 

Ø “Manual phasecal”: take a good calibrator scan of say ~2 minutes and derive inter-
channel delay and phase offsets – apply this to all sources for the whole timerange. (Note 
do not solve for rate!!!) This will remove instrumental delays, and will allow you to fringe-fit 
the data coherently across the whole band. Instrumental delays are (should be!) stable 
during the observations. Check this by looking at scans far apart in time!   

Ø Fringe-fitting: derive residual delays, rates and phases for the whole experiment using
short (typically 1-2 minutes) solution intervals. Use the whole band (i.e. combine the 
channels) for this. You only use data for the dedicated phase calibrators, but the solutions 
will be applied to both calibrators and target sources (a.k.a phase-referencing).

Ø Bandpass calibration: you always do bandpass calibration after fringe-fitting (to 
separate delay and bandpass effects). 



N14C3: imaging & self-calibration
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Ø Preparations: you already applied all calibrations to both calibrator(s) and target(s). 

Ø First round of imaging: make in image by iteratively cleaning the “dirty map”. Watch how 
he source model builds up – compare model visibilities to data. Very relevant is the 
“radplot”, the amplitude (and phase) vs. uv-distance plots.  

Ø Self-calibration: use the image to self-calibrate the data. Initially, only phases are 
calibrated. Image the data again. Watch how the model flux builds up. Never self-calibrate 
on amplitudes if you miss significant flux! If you cannot reach a satisfactory initial model, 
repeating too many cycles of phase selfcal will not help. Identify the problem instead (e.g. 
a station or stations with very poor amplitude calibration present). If you have a good 
model, proceed with amp&phase self-calibration and imaging.

Ø Image the target: once the calibrator image is satisfactory, apply the calibration to the 
target as well. Image the target. If bright enough, you may attempt self-calibrating on the 
target itself! (Do not do this if the goal of the project is relative astrometry!)

Ø Science: you are ready to do detailed analysis (model-fitting for example) of your results, 
interpret them, and publish your data.  Congratulations!



The future: Jupyter notebooks for reproducibility
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Ø ESCAPE (2020-2022): implement EVN Notebook
Ø Goal to be able to archive Notebooks with data in the EVN Archive

VLA notebook based 
on the Jupyter CASA 
kernel maintained & 
developed by JIVE



The future: VLBI with the AVN & SKA as well?
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Ø Strong science driver is ultra-precise astrometry (~1 µas; e.g. Paragi et al. 2015)
Ø Requires n>4 SKA1-MID beams (L1 requirements now aligned with design capabilities)

Cristina Garcia-Miro et al.(2018)
Supported by JUMPING JIVE WP10



At your service!
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