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###########################################
Asking service 'EVN Data Archive TAP service'

obs_id dataproduct_type calib_level       t_min       target_name        s_ra             s_dec          obs_freq_mhz
                                            d                            deg               deg                m
object      object         int16         float64         object        float64           float64           float64
------ ---------------- ----------- ----------------- ----------- ----------------- ----------------- -----------------
 ES023       visibility           1 51139.81287326384    0016+731 4.940776791666668 73.45833816666666 4998.948305764251

###########################################
Asking service 'The VO @ ASTRON TAP service’

obs_id                        dataproduct_type calib_level  t_min   target_name       s_ra        s_dec    obs_freq_mhz
                                                              d                        deg         deg             m
object                            object         int16     float64    object         float64     float64        float64
-------------------------------------- ----------------   ----------- -----------    --------    ————     --------
sauron/ngc2549.Mom0.High.fits     image           2       53007.04466                124.7450    57.80194        --

###########################################
Asking service 'Nobeyama Radio Telescope FITS Archive'

   obs_id   dataproduct_type calib_level [1] t_min [1]  target_name       s_ra [1]    s_dec [1]    obs_freq_MHz [1]
                                                 d                                       deg          deg
   object        object           int32       float64     object          float64      float64       float64
----------- ---------------- --------------- --------- ----------------  —————— ------------ -----------------
FGN00000003      cube               3           0.0     01100+0000 (2x2) 272.45757353 -19.41493744 110314.4162485902



###########################################
Asking service 'EVN Data Archive TAP service'

obs_id dataproduct_type calib_level       t_min       target_name        s_ra             s_dec          obs_freq_mhz
                                            d                            deg               deg                m
object      object         int16         float64         object        float64           float64           float64
------ ---------------- ----------- ----------------- ----------- ----------------- ----------------- -----------------
 ES023       visibility           1 51139.81287326384    0016+731 4.940776791666668 73.45833816666666 4998.948305764251

###########################################
Asking service 'The VO @ ASTRON TAP service’

obs_id                        dataproduct_type calib_level  t_min   target_name       s_ra        s_dec    obs_freq_mhz
                                                              d                        deg         deg             m
object                            object         int16     float64    object         float64     float64        float64
-------------------------------------- ----------------   ----------- -----------    --------    ————     --------
sauron/ngc2549.Mom0.High.fits     image           2       53007.04466                124.7450    57.80194        --

###########################################
Asking service 'Nobeyama Radio Telescope FITS Archive'

   obs_id   dataproduct_type calib_level [1] t_min [1]  target_name       s_ra [1]    s_dec [1]    obs_freq_MHz [1]
                                                 d                                       deg          deg
   object        object           int32       float64     object          float64      float64       float64
----------- ---------------- --------------- --------- ----------------  —————— ------------ -----------------
FGN00000003      cube               3           0.0     01100+0000 (2x2) 272.45757353 -19.41493744 110314.4162485902



https://evn-vo.jive.eu
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Visibility data for potential products

Visibility data for potential products
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From presentations by A.M. Richards, c. 2006, AVO+EuroVO workshops
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From presentations by A.M. Richards, c. 2006, AVO+EuroVO workshops
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VLBI into the VO

Marjolein Verkouter

thanks to the ESCAPE project
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Radioteleskop Effelsberg, DE

D=100m
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Radioteleskop Effelsberg, DE
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D=100m
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D=100m
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D=100m

⊗
“Correlation”

interferometric dataset with same
resolution as a single 100 m telescope



GAIA Alerts/Ηράκλειο November 2021verkouter@jive.eu
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D = 8000 km



ESCAPE Webminar WP4/JIVE+VO 23 June 2022verkouter@jive.eu



ESCAPE Webminar WP4/JIVE+VO 23 June 2022verkouter@jive.eu

image domain



ESCAPE Webminar WP4/JIVE+VO 23 June 2022verkouter@jive.eu

amplitude

phase

image domain



ESCAPE Webminar WP4/JIVE+VO 23 June 2022verkouter@jive.eu

2-d FT
amplitude

phase

image domain visibility domain
(a.k.a. “u,v-plane”)
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time (~3hr period spanned)

Baseline:
Effelsberg (DE)

Yebes (ES)

Baseline:
Effelsberg (DE)

Hartebeesthoek (SA)

Baseline:
Effelsberg (DE)

Noto (IT)
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2-d FT-1

image domain visibility domain
(a.k.a. “u,v-plane”)

Differences in imaging parameters, calibration, processing
may result in different images …

Method 1

Method 2



###########################################
Asking service 'EVN Data Archive TAP service'

obs_id dataproduct_type calib_level       t_min       target_name        s_ra             s_dec          obs_freq_mhz
                                            d                            deg               deg                m
object      object         int16         float64         object        float64           float64           float64
------ ---------------- ----------- ----------------- ----------- ----------------- ----------------- -----------------
 ES023       visibility      1      51139.81287326384    0016+731 4.940776791666668 73.45833816666666 4998.948305764251

###########################################
Asking service 'The VO @ ASTRON TAP service’

obs_id                        dataproduct_type calib_level  t_min   target_name       s_ra        s_dec    obs_freq_mhz
                                                              d                        deg         deg             m
object                            object         int16     float64    object         float64     float64        float64
-------------------------------------- ----------------   ----------- -----------    --------    ————     --------
sauron/ngc2549.Mom0.High.fits     image           2       53007.04466                124.7450    57.80194        --

###########################################
Asking service 'Nobeyama Radio Telescope FITS Archive'

   obs_id   dataproduct_type calib_level [1] t_min [1]  target_name       s_ra [1]    s_dec [1]    obs_freq_MHz [1]
                                                 d                                       deg          deg
   object        object           int32       float64     object          float64      float64       float64
----------- ---------------- --------------- --------- ----------------  —————— ------------ -----------------
FGN00000003      cube               3           0.0     01100+0000 (2x2) 272.45757353 -19.41493744 110314.4162485902

Level 0: Raw instrumental data
Level 1: Instrumental data in a standard format (FITS, VOTable) …

Level 2: Calibrated, science ready data with the instrument signature removed.

Level 3: Enhanced data products like mosaics, resampled …


Level 4: Analysis data products generated after some ….
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FITS Interferometry Data Interchange (FITS-IDI) Convention
https://fits.gsfc.nasa.gov/registry/fitsidi.html
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Center at RA 00 19 45.78643  DEC 73 27 30.0174

CONT: 0016+731  IPOL  4986.896 MHZ  0016+731.ICL001.3
PLot file version 1  created 28-NOV-2002 19:01:43

Cont peak flux =  4.3399E-01 JY/BEAM 
Levs = 4.340E-01 * (-0.028, 0.028, 0.056, 0.111,
0.223, 0.446, 0.891)
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Why add VLBI
to the VO then?
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Lister et al., 2018, ApJS, 234, 12 
http://adsabs.harvard.edu/abs/2018ApJS..234...12L
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FRB localised to globular cluster FRB localised to starforming region

Marcote, B., Nimmo, K., Hessels, J.W.T. et al. A repeating fast radio burst 
source localized to a nearby spiral galaxy. Nature 577, 190–194 (2020). 

https://doi.org/10.1038/s41586-019-1866-z

Kirsten, F., Marcote, B., Nimmo, K. et al. A repeating fast radio 
burst source in a globular cluster. Nature 602, 585–589 (2022). 

https://doi.org/10.1038/s41586-021-04354-w
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This image reveals the black hole at the center of Messier 87, 
a massive galaxy in the nearby Virgo galaxy cluster. The black 
hole resides 55 million light-years from Earth and has a mass 

6.5 billion times that of the sun.  

EVENT HORIZON TELESCOPE COLLABORATION ET AL.

First image of Sagittarius A*, the black hole at the 
center of the Milky Way galaxy.

Credit: EHT Collaboration
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Historic data (“before picture”) for high-res follow-up of:
• Gravitational Wave events
• Gamma Ray Bursts
• Fast Radio Bursts

Field-of-view in data set is larger than primary science goal
• possibility to reprocess Level 1 data for other science
• apply new(er) calibration algorithms to improve

Standardized access to archive data for science platform
• JupyterLab environment
• both human and machine accessible
• not just the Level 1 data

Virtual Observatory use cases
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Applicable protocols:

DataLink

https://ivoa.net/documents/DataLink/20150617/index.html

“linking of data discovery metadata to access to the data itself, further detailed metadata, 
related resources, and to services that perform operations on the data.”

ObsCore

https://ivoa.net/documents/ObsCore/20170509/index.html

“defines the core components of the Observation data model that are necessary to perform 
data discovery when querying data centers for astronomical observations of interest.”
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ESCAPE WP4 enabled:
Visibility support in ObsCore
• JIVE participatation in IVOA Radio SIG
• extend ObsCore data model w/ u,v-plane values
• experimental u,v-plane characterisation
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u,v-plane characterisation

e = 0.74
f = 0.03

e = 0.63
f = 0.25

calibrator source

target source

Plots derived from software developed by Mattia Mancini (ASTRON)

e = ellipticity
f = filling factor
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ESCAPE WP4 enabled:
Visibility support in ObsCore
• JIVE participatation in IVOA Radio SIG
• extend data model
• experimental u,v-plane characterisation

ObsTAP service at JIVE:
• design mapping of FITS-IDI content to ObsCore
• develop s/w to analyse 100 TB of FITS-IDI
• hardware to host https://evn-vo.jive.eu
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More ESCAPE impact!
ESCAPE WP3 (open source repository)
• improve VLBI/radio data reduction tools
• provide Jupyter kernel w/ data reduction s/w 
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More ESCAPE impact!
ESCAPE WP3 (open source repository)
• improve VLBI/radio data reduction tools
• provide Jupyter kernel w/ data reduction s/w 

ESCAPE WP5 (science analys platform)
• provide Jupyterhub hardware (compute+storage)
• development of Jupyterhub plugins:

• EVN archive search w/ notebook deployment
• version controlled notebooks (provenance) 
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https://jupyterhub.jive.eu
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Uses WP 
4 EVN VO

 ObsTAP 
service 

to query
!
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evn_impo
rt_exp(“

…”) uses
 VO Data

Link to 
download

FITS-IDI
 and cal

ibration
 data!
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All EVN VLBI
observations 
since ~2000 

archived at JIVE


