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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
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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)



CASA Basics
Single Dish & Interferometry
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CASA 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

• 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

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



The CASA Software

Import/export
Information
Manipulation
Calibration
Imaging
Analysis (Visualization)
Simulations



Calibration in CASA
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Calibration in CASA

Input Data Spectral
Window
selection

Reference
antenna

Phase-only
Calibration
mode

CASA task



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
• Deconvolution & Restoration
• Primary beam correction
• Data weighting



Imaging in CASA: recent development

Tclean: powerful imaging task

• Fast Fourier Transform (FFT)
• Gridding
• Deconvolution & Restoration
• Primary beam correction
• Data weighting

• AW-projection

• Adaptive Scale Pixel deconvolution algorithm
• deconvolve (image plane deconvolution)
• sdintimaging (joint deconvolution SD + Int)

• briggs (robust) weighting improved
• briggsbwtaper added 

• Refactor cube imaging (reliability, flexibility, performance)



Website (casa.nrao.edu)

Compatibility Operating Systems

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 Docs (casadocs.readthedocs.io)



CASA Reference Papers
PASP in press.
arXiv: 2210.02276
arXiv: 2210.02275



Very Long Baseline Interferometry 
in the CASA package

Dr. Ilse van Bemmel (JIVE)



Making VLBI accessible

• FAIR data policy
• Develop CASA functionality for VLBI
• Jupyter notebooks with CASA kernel
• CASA-based pipeline development: 

• rPicard (Janssen+ 2019) used for EHT
• EVN, GMRT, e-MERLIN, others



Calibration of VLBI observations

Conversion Import Flagging Gain 
calibration Fringe fit Bandpass



New CASA tasks

• importfitsidi
convert FITS-IDI into MeasurementSet
includes meta-data tables 
digital corrections for DiFX correlated data

• fringefit
correct for residual delay and rate errors
uses the Schwab-Cotton algorithm (AIPS FRING)
handles dispersive delay

• accor
normalize the visibility amplitudes using auto-correlations
(AIPS ACCOR & ACSCL)

• Support module to convert system temperature, gain curve and flags



Comparison with AIPS



Future plans

• Pulse cal tone handling 

• Fringe fit improvements: baseline stacking, polarization stacking 

• Polarization calibration with resolved calibrators

• Ionospheric corrections

• EOP corrections


