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Introduction

● So far you have had an introduction into the world of VLBI 
(and general radio interferometry) data reduction.

● So now you want to start your own projects, do astronomy,  
write papers etc.

● So how do we go about doing this?
● Let’s start with a general view of the “Project Life-cycle”

Note: this talk is radio interferometry centred, not only VLBI 



  

Project     Flow chart
Most scientific 
projects will 
follow this general 
flow chart (even if 
most of us don't 
think about it)



  

How to do the Awesome Science

● At each 
step, the 
idea will 
improve (or 
you may 
decide to 
abandon it)

 

Public data



  

Observing 
proposal flow-

chart

See also tomorrow’s 
discussion of observing 
proposals



  

Public Data Gathering
● When designing a project idea (e.g. observing proposal), or working on 

a thesis, or writing a paper you should always use any relevant publicly 
available data

● These are broadly classified into:

1) Literature 

2) Data Archives

In both cases you will spend hours, days or even weeks trawling through 
lots and lots of information!



  

What is ‘the literature’?
● In astronomy and astrophysics new scientific ideas are almost 

always published in papers in refereed scientific journals
● There are a few ‘big’ astronomy journals – Astrophysical 

Journal, Monthly Notices of the Royal Astronomical Society, 
Astronomy and Astrophysics, Astronomical Journal

● Plus Nature, Science and spinoffs (e.g. Nature Astronomy) 
and some more specialist journals

● Nobody ever looks at paper journals – they are still produced 
but all the action is online

● Journals send submitted papers to one or more scientific 
referees who make a recommendation about publication.



  

Example



  

‘The literature’
● Important to you in project planning in two ways:

– Should contain everything that has already been done
– You need to be aiming to contribute to it by producing a 

paper that describes your work – or nobody will ever know
● Scientists are judged by the number and quality of their 

published (refereed) journal papers and (barring 
spectacular success) maximizing this number is the 
route to a long-term career in science.

● First-author papers particularly important (in astronomy 
the first author is the lead author and generally gets the 
credit).



  

Literature Search
● Before you rush into data analysis/write proposals etc, it is important 

to:
1. Research what has already been done regarding your scientific idea
2. Obtain a clearer understanding of the question that you want to answer

● Probably the most important part of a research project and often the 
first part of a research postgraduate degree

● You may have to read many papers to understand the state of the art
● Literature search: 

- NASA ADS,   arXiv,     Google Scholar, NASA Extragalactic Database
- CDS services: links to papers for particular objects/datasets from 
 SIMBAD/Vizier 

● Save articles, organise research etc: 
- Zotero, Mendeley, Docear

Useful if articles are behind a pay wall



  

Making sense of the Literature
Reading journal papers is a long, sometimes tedious process. How do 
you pick the most important ones?

Some tips:
● Review articles are a great place to start. These collect together (what 

the authors thinks) are the most important references on a topic. They 
may appear in specialist review journals like ARA&A

● Ask a senior colleague (e.g. research supervisor) for some advice, then 
follow the references in the papers you’re given

● Make sure the paper you’re reading hasn’t been superseded by later 
work – things change fast

● When reading a paper, look at the abstract first, then the introduction 
and conclusions, then the rest – don’t read the whole paper unless you 
need to



  

Making sense of the Literature
● Also look at the most recent papers – but beware very recent, 

especially pre-publication; they may be proposing explanations 
which are changed after more discussion...

● There are likely to be competing ideas about topics (e.g. was dust 
in the early universe formed by cool stars? Supernovae?)

● You need to form your own opinions where ‘the literature’ 
disagrees

● Don't be afraid to develop your own arguments even if they 
disagree with some papers – particularly if you have better data 
than they do



  

Literature Search

Search by author, year, 
object, keywords (in title 
and abstract)

Registration is free, and 
can save papersGoogle ‘NASA ADS 

search’



  

Literature Search

This awesome author has uploaded his paper to the free article 
service (arXiv). Always upload your papers on the arXiv service, 
NASA ADS will automatically link it to your paper.



  

Literature Search

● Astroph (i.e. arXiv astronomy, astrophysics and 
cosmology pages)

● Updated daily with the latest research papers
● Warning: papers on arXiv are not peer-reviewed, but 

most authors will upload papers once it has been 
accepted (this will normally be stated) 



  

Archives Search
If you think you need more observations it is always advisable to search 
the publicly available archives for data on your object(s)

Public Astronomy archives are divided into:
1. Surveys
2. Data release and public archives

Surveys:
● Images and (sometimes) calibrated uv datasets
● e.g. NVSS, VLA FIRST, WENSS WSRT, mJIVE-20, MOJAVE
● Provides a web interface to obtain the data

Data release and public archives:
● Provided by the individual instruments/organising institutions
● e.g. NRAO (JVLA, VLBA), EVN, ATCA, ALMA, GMRT, LOFAR etc.
● Observations after 12-18 months become publicly available.
● Provides a web interface to obtain the data
● Some may even provide the calibrated uv datasets e.g. EVN



  

VLBI Data Archives - EVN

● Access to all observations made before the last 12-18 months
● Can browse the catalogue or search for observations of a 

particular object or field
● Provides calibrated data and images (data requires flagging and 

re-calibration)



  

Data Archives – VLBA, JVLA ...
● NRAO data archive 

provides access to 
all observations 
made with the 
VLBA, JVLA, and 
other NRAO 
instruments

● For the VLBA, need 
to select “VLBA” in 
telescopes

● Will provide a list 
of the observations 
and the 
corresponding data 

● An email will be 
sent when the data 
are ready to be 
copied



  

Data Archives - Reducing & calibrating data 

Calibrating and Reducing EVN & VLBA data:
● Official EVN data reduction guide 

(http://www.evlbi.org/user_guide/evn_datareduc.html)
● Official VLBA data reduction guide 

(http://www.vlba.nrao.edu/astro/calib/pipeline/)
● Sadly in AIPS
● Can calibrate in AIPS and export to CASA to image

Calibrating and Reducing JVLA data:
● All done in CASA
● Suggest to follow the JVLA online tutorials:
- CASA main page: https://casaguides.nrao.edu/index.php/Main_Page
- JVLA tutorials: 
https://casaguides.nrao.edu/index.php/Karl_G._Jansky_VLA_Tutorials

https://casaguides.nrao.edu/index.php/Main_Page


  

VLBI Image Archives/Surveys
Search for images of your VLBI source.  They also provide the calibrated 
visibility datasets

Observations of all VLA FIRST sources 
at 1.4 GHz with the VLBA 
24903 FIRST sources imaged to date. 
4965 sources detected



  

VLBI Image Archives/Surveys
Search for images of your VLBI source.  They also provide the calibrated visibility datasets

Observations of Jets and AGNs at 15 GHz with the VLBA

VLBI (EVN, VLBA and others) images at  2 & 8GHz (some 24 and 43 GHz)



  

VLBI Image Archives/Surveys

Observations of Jets and AGNs at 15 GHz with the VLBA

Search for images and also provide the calibrated visibility datasets

VLBI (EVN, VLBA and others) images at  2 & 8GHz (some 24 and 43 GHz)



  

VLBI Image Archives/Surveys

Observations of Jets and AGNs at 15 GHz with the VLBA

Search for images and also provide the calibrated visibility datasets

VLBI (EVN, VLBA and others) images at  2 & 8GHz (some 24 and 43 GHz)



  

VLBI Image Archives/Surveys
Search for images of your VLBI source.  They also provide the calibrated visibility datasets

Observations of Jets and AGNs at 15 GHz with the VLBA

VLBI (EVN, VLBA and others) images at  2 & 8GHz (sometimes 24 and 43 GHz)



  

 Other Public Radio Image Archives
● List of the largest radio interferometric image databases >105 sources
● Lower resolution radio surveys → can survey more sky area
● Provides the images in FITS or PNG format
● uv data in FITS format
● will help you understand your objects and science goals (i.e. don't use only 

VLBI) 



  

 Other Public Radio Image Archives

TGSS



  

 Other Public Radio Image Archives (e.g. FIRST)

    Archive of the Faint
      Images of the Radio Sky at

   Twenty-cm (FIRST) with
 the VLA.

    Provides FITS images good
     enough for science (if you

    don’t mind not having
 short baselines!)



  

 Other Public Radio Image Archives (e.g. NVSS)

          Archive of the NRAO VLA Sky Server. Lower resolution than FIRST

      Provides FITS images good enough for science



  

 Other Public Radio Image Archives (e.g. NVSS)

          Archive of the NRAO VLA Sky Server. Lower resolution than FIRST

      Provides FITS images good enough for science



  

 Other Public Radio Image Archives (e.g. ALMA)

       Data archive of the Atacama Large Millimeter
       Array (ALMA). Provides FITS images which may

          be good enough for science, as well as scripts to
     re-reduce the visibility data (if needed).



  

Data Archives: Useful Tools (1)
A couple of useful tools to browse multi-wavelength images and data:
● ALADIN Sky Atlas (http://aladin.u-strasbg.fr/) 

- Multi-wavelength archive: all major surveys from radio to X-rays
- Access to archives of Galactic and extragalactic data
- Desktop applet runs on any OS
- Upload your own (FITS) image and search for archive data at any 

wavelength!
- Can give a list of all publications that have observed a particular 

object! (as can NED, ADS...)

http://aladin.u-strasbg.fr/


  

Data Archives: Useful Tools (1)
A couple of useful tools to browse multi-wavelength images and data:
● ALADIN Sky Atlas (http://aladin.u-strasbg.fr/) 

- Multi-wavelength archive: all major surveys from radio to X-rays
- Access to archives of Galactic and extragalactic data
- Desktop applet runs on any OS
- Upload your own (FITS) image and search for archive data at any 

wavelength!
- Can give a list of all publications that have observed a particular 

object!
ALADIN User 
interface showing 
multi-wavelength 
data for the 
Whirlpool galaxy 
superimposed on an 
optical image from 
the Sloan Digital 
Sky Survey (SDSS)

http://aladin.u-strasbg.fr/


  

Data Archives: Useful Tools (2)
Another useful tool to browse images and data is DS9.
Not as versatile as ALADIN, but more of a FITS viewer and data analysis tool. Can obtain multi-
wavelength data & run on any OS



  

Data Archives: Useful Tools (3)
The NASA Extragalactic database (NED)
● Catalogue of published data for all extragalactic sources that have ever been 

observed by any instrument! (mostly complete)
● Can search by name, position type ...



  

Data Archives: Useful Tools (3)
The NASA Extragalactic database (NED)
● Provides redshifts, spectral energy distributions, images etc



  

Data Archives: Useful Tools (4) The CASAVIEWER

Not a multiwavelength archive tool, but great for viewing multiple FITS 
images at different wavelengths.

CASAVIEWER 
user interface 
displaying an 
optical image of 
M51 from the 
Hubble Space 
Telecsope, with 
radio contours 
from the VLA at 
1.4 GHz 
overlaid



  

There will be soon a number of surveys and legacy programs from next 
generation telescopes, producing very rich data archives 

● Low-frequency & low/medium resolution (<1 GHz)
- LOw Frequency ARray (LOFAR) (6 arcseconds)
- Murchison Widefield Array (MWA) (~ 2 arcmin)

● Mid-frequencies & Medium resolution (<10 GHz & <10 arcseconds):
- MeerKAT
- Australian Square Kilometre Array Pathfinder (ASKAP)
- Jansky Very Large Array (JVLA) – VLASS 2.5 arcsec at 2.5 GHz

● Mid-frequencies & High resolution (<10 GHz & < 1arcseconds)
- eMERLIN

● High frequencies (>10 GHz)
- Atacama Large Millimeter Arraay (ALMA)

Future 

Then in the near future (beyond 2020) the SKA phase 1 (LOW 
and MID) will produce the largest scientific data archive … 
ever!



  

Future Surveys vs 
Current



  

Summary
● Many standard astronomical projects do follow a specific life-cycle
● It starts with an idea and ends in publication or multiple publications
● The processes in between are where the majority of work occurs
● Public data in the form of literature or data archives are very important
● Always do extensive background reading and search the data archives
● Submit an observing proposal for new data if and only if it is really 

needed
● With a large number of upcoming radio surveys, it's never been a better 

time to do radio astronomy!
● Finally: always aim to publish your work 


