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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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Arpad Szomoru (JIVE) VLBI, management
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Aard Keipema (JIVE) VLBI, Jupyter kernel

CARTA visualization software team

Pipeline teams 
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Mingyu (Genie) Hsieh (NRAO)
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CASA Stakeholders

CASA Users Committee

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

• Feedback CASA capabilities, usability, reliability and performance
• Advise CASA development team from user perspective
• Inform development priorities 

Adam Leroy (Ohio State Univ - Chair)     Ruta Kale (NCRA India) 
Yoshimasa Watanabe (Shibaura I.T. Japan) Jihyun Kang (KASI Korea) 
Yu-Nung Su (ASIAA Taiwan) Olga Bayandina (INAF Italy) 
Abhijeet Borkar (ASCR Chech) Imke de Pater (UC Berkeley) 
Kristina Nyland (NRL Washington DC) Jane Huang (Univ. Michigan)
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Using CASA - This Talk

• Radio Interferometry & CASA
• CASA Basics
• Data Processing in CASA

o Import/export
o Information
o Manipulation
o Calibration
o Imaging
o Analysis / Visualization (CARTA)

• Download & Installation
• Documentation & Resources



Radio interferometers
Very Large Array

Atacama Large Millimeter Array (Chile)
3 mm à 300 micron

cm à 3 mm

Atmosphere/weather (high sites)

Very Long Baseline 
Array, VLBA 



Track point-source
on the sky:

Path-length
difference

Resolution: R ~ λ / B

Interferometry



• Primary beam response single 
antenna (bandwidth)

• Add N antennas, i.e. N(N-1)/2 
baselines

• Add complex source structure
• Scan through earth rotation
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Interferometry

• Primary beam response single 
antenna (bandwidth)

• Add N antennas, i.e. N(N-1)/2 
baselines

• Add complex source structure
• Scan through earth rotation

“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

CASA: raw visibility data à science products



Interferometry

• Primary beam response single 
antenna (bandwidth)

• Add N antennas, i.e. N(N-1)/2 
baselines

• Add complex source structure
• Scan through earth rotation

“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

CASA: 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

Computationally expensive!



CASA Basics
Single Dish & Interferometry

Casacore à original AIPS++ libraries, stable and nearly static platform

CASA à Implemented in C++, accessible through IPython
• Tools: basic C++ functions linked to Python interface that perform basic                             

operations on data
• Tasks: bundle tools or Python functionality that perform well-defined step 

in data processing 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  

Scripting & Pipelines (ALMA calibration & imaging, VLA calibration, VLA Sky Survey)



CASA tasks
Well-defined step in data processing 
à user friendly, parameter input

Example: determine complex time-dependent gains for each antenna and spw

Input MS Spectral
Window
selection

Reference
antenna

Phase-only
Calibration
mode

Other parameters, use default!

CASA task
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Window
selection

Reference
antenna

Phase-only
Calibration
mode

Other parameters, use default!



CASA

Import/export
Information
Manipulation
Calibration
Imaging
Analysis (Visualization)

Single Dish
Simulations



CASA

Import/export
Information
Manipulation
Calibration
Imaging
Analysis

Single Dish
Simulations

(A)SDM, (Astronomy) Science Data Model:
• Observing data: data from correlator (visibilities)
• Metadata:          data that describes observations 

(source info, spectral setup, etc.)
• Auxiliary data:   monitoring data observations

(weather, pointing, etc.)

CASA MeasurementSet (MS):
Data directory with tables and subtables
• DATA column à data
• MODEL_DATA column à expected model values
• CORRECTED_DATA column à calibrated data
• Other optional columns: FLAG, SIGMA, WEIGHTS, etc.



CASA

Import/export
Information
Manipulation
Calibration
Imaging
Analysis

Single Dish
Simulations

listobs
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Import/export
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Imaging
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plotms



CASA

Import/export
Information
Manipulation
Calibration
Imaging
Analysis

Single Dish
Simulations

Radio Frequency Interference (RFI) à Flag!

See talk by EvangeliaTremou
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CASA

Import/export
Information
Manipulation
Calibration
Imaging
Analysis

Single Dish
Simulations

Troposphere
Parallactic rotation

Optical components tel.
Leakage

Time dependent gains

Frequency dep. gains (bandpass)

Baseline-based correlator 
(non-closing) errors

Various talks this week



Calibration in CASA



CASA

Import/export
Information
Manipulation
Calibration
Imaging
Analysis

Single Dish
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

See talk by Preshanth Jagannathan
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CASA

Import/export
Information
Manipulation
Calibration
Imaging
Analysis/
Visualization

Single Dish
Simulations

The old: CASA Viewer

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



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)

Start using this!
See talk by Juergen Ott



CASA

Import/export
Information
Manipulation
Calibration
Imaging
Analysis / Visualization

Single Dish
Simulations



Website (casa.nrao.edu)

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

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

Pipelines (ALMA, VLA) 

Compatibility Operating Systems

CASA download & installation
New releaseevery ~2 months!
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Pre-installed on NRAO machines:

>  casa           à 6.5.2 (default latest CASA release)
>  casa-vla à 6.2.1 (latest for VLA pipeline)
>  casa-pipe   à 6.2.1 (recommended for workshop, incl. pipeline)
>  casa-alma  à 6.4.1 (latest for ALMA pipeline) 

>  casa -ls                   à list all CASA versions
>  casa -r 6.4.0-16      à load specific version “6.4.0-16”
>  casa-vla –pipeline   à load also the pipeline-specific tasks

CASA at NRAO

See: https://casa.nrao.edu/CASANMandCV.shtml
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CASA Docs (casadocs.readthedocs.io)



CASA Reference Paper PASP in press.
arXiv: 2210.02276 



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

• casa-feedback@nrao.edu: general feedback

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 soon: CASA Bug Report & Feature Request system)

Subscribe!
(casa.nrao.edu)

https://casa.nrao.edu/

