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CASA
Common Astronomy Software Applications for Radio Astronomy 

Primary data processing software Karl G. Jansky Very Large Array (VLA) 
and Atacama Large Millimeter/submillimeter Telescope (ALMA),           
but frequently used also for other radio telescopes.

VLA, USA (New Mexico)ALMA, Chile



CASA Team

CASA-VLBI

Ilse van Bemmel (JIVE)                VLBI, Project Scientist
Mark Kettenis (JIVE)       VLBI, development
Des Small (JIVE)       VLBI, development
Arpad Szomoru (JIVE)       VLBI, management
Marjolein Verkouter (JIVE)       VLBI, management
Aard Keipema (JIVE)       VLBI, Jupyter kernel

ARDG (Algorithm Research & Development Group)

Sanjay Bhatnagar (NRAO) - ARDG Lead
Mingyu (Genie) Hsieh (NRAO)
Martin Pokorny (NRAO) 
Preshanth Jagannathan (NRAO) 
Srikrishna Sekhar (NRAO, IDIA) 

CASA Stakeholders

ALMA Users
ALMA Pipeline
VLA Users
VLBA/VLBI
SRDP (Science Ready Data Products, NRAO)
ARDG (Algorithm Research & Development Group)
General Users / CASA Users Committee 



Using CASA - This Talk
• Interferometry Basics

• The CASA Software
o CASA tasks / tools / GUIs
o Calibration in CASA
o Imaging in CASA
o Analysis / Visualization in CARTA

• Download & Installation

• Documentation
o CASA Docs
o CASA reference papers

• CASA Next-Generation Infrastructure



Interferometry Basics
Single Dish & Interferometry

Resolution =  λ / D



Interferometry Basics
Interferometry

Path-length
    difference



Interferometry Basics
Interferometry



Interferometry Basics
Interferometry



Interferometry Basics
Interferometry

“Visibility”: interferometer response per antenna pair (i, j), ∆t, ∆f, polarization                  

à Fourier Transform of the sky brightness distribution. 
                  à “complex”, with amplitude, phase information: V(u,v) = areiφr

              Source brightness, structure
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CASA software: raw “visibility” data à science products

• Large data sets!
     Example: N(N-1) baselines, ∆t ~ 3s over 12h, 2000 ∆f  channels, 4 polarizations, ….

• Discrete sampling (‘broken mirror’) à missing information!
     Iteratively reconstruct model of sky

à Computationally expensive

à Complex, advanced algorithms



The CASA Software

CASA:
• Tools: basic C++ functions linked to Python interface à basic operations

• Tasks: bundle tools + Python functionality à specific data reduction step
             à user friendly, parameter input

• GUIs:   Graphical User Interfaces to visualize and examine data/images

• External: Repository Measures Tables (Earth Orientation Parameters, reference 
frames, ephemeris data, beam models, simulator configuration files, etc).        
Minimal repo in CASA, update manually for more accuracy  

Manual, scripting & pipelines (ALMA calibration & imaging, VLA calibration, VLA Sky Survey)

Casacore:
original AIPS++ libraries, stable and nearly static platform, scripting & pipelines 



The CASA Software

Import/export
Information
Manipulation
Calibration
Imaging
Visualization / Analysis
Simulations



Calibration in CASA

Import/export
Information
Manipulation
Calibration
Imaging
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Simulations



Import/export
Information
Manipulation
Calibration
Imaging
Analysis
Simulations

Troposphere
Parallactic rotation

Optical components tel.
Leakage

Time dependent gains

Frequency dep. gains (bandpass)

Baseline-based correlator 
(non-closing) errors

Calibration in CASA
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Calibration in CASA

Input Data Spectral
Window
selection

Reference
antenna

Phase-only
Calibration
mode

CASA task
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Imaging in CASA

Import/export
Information
Manipulation
Calibration
Imaging
Analysis
Simulations

à Gridding data
      à Weighting data
          à Fourier transform
             à Deconvolution
               à Restoration

2D continuum images
3D image cubes



Imaging in CASA

Tclean: powerful imaging task

• Fast Fourier Transform (FFT)
• Gridding (incl. advanced imaging 

modes: mosaic, AW-project, etc)                                      

• Deconvolution & Restoration
• Primary beam correction
• Data weighting



CASA

Import/export
Information
Manipulation
Calibration
Imaging
Analysis/
Visualization
Simulations

The old: 
CASA Viewer

The new: CARTA (ASIAA, IDIA, NRAO, Alberta)

https://cartavis.org/



Visualization
CARTA: Cube Analysis and Rendering Tool for Astronomy 

Next-generation radio telescopes
à quick with large data volumes
(ALMA, VLA, SKA pathfinders)

https:cartavis.org

External software:

ASIAA (Taiwan)
IDIA (South Africa)
NRAO (USA)
Univ. Alberta (Canda)

Students, start using this!



Website (casa.nrao.edu)

Only some CASA versions 
include pipelines

Monolithic (all-inclusive ‘plug-and-play’) 

Pip-wheel (Pythonic, Jupyter Notebooks,                                                                                                    
        Google Colab)

CASA download & installation
New releaseevery ~2 months!
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CASA Docs (casadocs.readthedocs.io)



CASA Reference Paper CASA Team et al. (2022)
PASP, 134, 114501



CASA Reference Paper CASA Team et al. (2022), PASP, 134, 114501

van Bemmel et al. (2022), PASP, 134, 114502



Future radio astronomy - NRAO/CASA
Next-generation VLA

• 1.2 – 116 GHz (SKA ß ngVLA à ALMA)

• 244 antennas x 18m diameter (+ 19 x 6m)

• Maximum baseline ~9000 km (0.5-50 milli-arcsec), dense core
•  Data rates: up to 10s Gb/sec

Murphy et al. 2019 – Science with a next-generation VLA 
                                  (terrestrial planet formation, star formation, molecular gas across Universe)



ALMA2030 Wideband Sensitivity Upgrade

• 2-4x current instantaneous bandwidth

• 1.2 million spectral channels (no trade-offs)

• Flexible sub-array 
  (12m and 7m simultaneous processing)

• 6-bit correlation (+13.4% sensitivity)

Carpenter+ 
(2022)

Future radio astronomy - NRAO/CASA



CASA Next Generation Infrastructure

CASA Next Generation Infrastructure (CNGI)
• Infrastucture next-generation CASA à processing demands ngVLA + ALMA WSU
• Requirements: efficient and easily scalable to large computing environments 

Reduce code complexity/development time; increase reliability/flexibility/scalability 
• Prototyping completed in 2021 and made available as a demonstration package     

à https://cngi-prototype.readthedocs.io/en/stable/.                
Built in Python; off-the-shelf technologies (numpy, dask, xarray); natively parallel

Next-generation 
CASA (ngCASA) 
                         

• scientific package on 
     top CNGI, serving
     ngVLA / ALMA WSU
     (but also current 
      ALMA and VLA)

https://cngi-prototype.readthedocs.io/en/stable/B
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CASA resources
• CASA Docs:        official CASA documentation  https://casadocs.readthedocs.io

• CASA Website:    official CASA website (downloads)  https://casa.nrao.edu

• CASA Reference: paper on arXiv:2210.02276 

• CASA email lists: casa-announce à announcements, releases                      
              casa-news        à CASA Newsletter

    VLA / ALMA instrument teams:

• CASA Guides:     data reduction strategies (telescope-specific)                
        https://casaguides.nrao.edu

• Helpdesks:           VLA / ALMA data reduction questions                        
         https://help.nrao.edu     https://help.almascience.org

                                   (coming: CASA Bug Report System)

     Contact CASA Team:

Subscribe!
(casa.nrao.edu)

• casa-feedback@nrao.edu: general feedback



Thank you!

Questions?





CASA Stakeholders

CASA Development process

• ALMA Users
• ALMA Pipeline 
• VLA Users
•  SRDP (Science Ready Data Products, NRAO)
• VLBA/VLBI
• ARDG (Algorithm R&D Group, NRAO
• General Users / CASA Users Committee

• Prioritization (stakeholders, internal) à ~6 months
• Development

• Release: General CASA releases à ~2 months
     (CASA+pipeline releases à ~yearly)

• Definition requirement / specification              Documentation 
• Development
• Internal verification: testing à functional, unit, stakeholder
• External validation (pipeline testing)
• Documentation (benchmarking)



Imaging in CASA
Deconvolution

Convolution of sky brightness distribution and instrumental PSF results in ‘dirty’ image

       Deconvolution in tclean

Reconstruct sky model by iteratively deconvolving the dirty image using the PSF



Imaging in CASA
Tclean: powerful imaging task

- Find peak
- Subtract         
  scaled PSF
- Add flux to    
  MODEL



Future radio astronomy NRAO
Next-generation VLA

• 1.2 – 116 GHz (SKA ß ngVLA à ALMA)

• 244 antennas x 18m diameter (+ 19 x 6m)

• Maximum baseline ~9000 km (0.5-50 milli-arcsec), dense core

Murphy et al. 2019 – Science with a next-generation VLA 
                                  (terrestrial planet formation, star formation, molecular gas across Universe)

Terrestrial zone planet formation: 1AU @ 
140pc


