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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

Ilse van Bemmel (JIVE)                 VLBI, Project Scientist,
pipeline/user training

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

CARTA visualization software team

Pipeline teams 
(ALMA, VLA, Nobeyama)



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 



This Talk
• Radio astronomy

o Basics of Radio Interferometry

• CASA
o Basics
o Installation
o Calibration
o Imaging
o Visualization (CARTA)
o CASA Documentation
o Resources

• Future of radio astronomy
o CASA Next Generation Infrastructure (CNGI)



Radio astronomy

This talk





Credit: I. Feain, T. Cornwell, R. Ekers (CSIRO/ATNF); ATCA  middle lobe pointing courtesy R. Morganti (ASTRON); Parkes data courtesy N. Junkes (MPIfR); ATCA & Moon photo: S. Amy, CSIRO
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Gas in the M81 group3D image cubes: Gas in the M81 group



Yun+ (1994)

3D image cubes: Gas in the M81 group



Green Bank 100m
Telescope (USA)

Single dish telescopes

Grote 
Reber
1937 
(9m)

Nobeyama 45m (Japan)

(λradio ~ 103-7 x λoptical) 

Resolution: R ~ λ / Dish-size  

FAST (天眼) 500m
(Guizhou, China)



Single dish telescopes

(λradio ~ 103-7 x λoptical) 

Resolution: R ~ λ / Dish-size  

FAST (天眼) 500m
(Guizhou, China)

HST (2.4 m): 0.05 arcsec  
FAST (500m): 2.9 arcmin



Interferometry

Resolution: R ~ λ / Baseline-length  



Radio interferometers

Very Large Array (USA)

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

Human-made interference 
(phones, TV, satellite, etc)

cm à 3 mm

Atmosphere/weather (high sites)

Giant Meterwave Radio 
Telescope (India)    mà cm

Space VLBI (D >20.000 km!)       Very Long Baseline Array, 
VLBA (USA)

Global VLBI 
(Very Long Baseline Interferometry)       
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Radio interferometers

Very Large Array (USA)

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

Human-made interference 
(phones, TV, satellite, etc)

cm à 3 mm

Atmosphere/weather (high sites)

Giant Meterwave Radio 
Telescope (India)    mà cm

Space VLBI (D >20.000 km!)       Very Long Baseline Array, 
VLBA (USA)

Global VLBI 
(Very Long Baseline Interferometry)       

Resolution: 25 micro-arcsec!

Credit: EHT Collaboration



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



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

• 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

Import/export
Information
Manipulation
Calibration
Imaging
Analysis

Single Dish
Simulations
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Single Dish
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(A)SDM, (ALMA) 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.
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Radio Frequency Interference (RFI) à Flag!
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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



Calibration in CASA



Calibration in CASA

• Command line
• Scripting
• Jupyter Notebook



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



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



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



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)

Students, start using this!



CASA

Import/export
Information
Manipulation
Calibration
Imaging
Analysis

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

Parallel processing 
(Message Passing Interface, MPI)

CASA download & installation
New releaseevery ~2 months!
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CASA resources
• CASA Docs à official CASA documentation              

https://casadocs.readthedocs.io

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

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

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

(coming soon: CASA Bug Report & Feature Request system)

• casa-announce à announcements, releases

• CASA Newsletter à 2x per year

• casa-feedback@nrao.edu à general feedback

First resources!

ALMA / VLA teams

Subscribe!
(casa.nrao.edu)
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Future of radio astronomy
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



Future of radio astronomy

Note: Square Kilometre Array à data rates of global internet traffic

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



CASA Next Generation Infrastructure
CASA Next Generation Infrastructure (CNGI)
• Infrastructure for next-generation CASA software to meet growing demands of 

radio telescopes
• New data structures for MeasurementSet and Image contents à built in Python, 

atop popular technology stack (numpy, dask, xarray)

• Prototyping completed in 2021 and made available as a demonstration package to 
the community à https://cngi-prototype.readthedocs.io/en/stable/

https://cngi-prototype.readthedocs.io/en/stable/


CNGI Demonstration Package Highlights
https://cngi-prototype.readthedocs.io/en/stable/

1. Visibility Data Structure and Image Data Structures
a. Implemented as Xarray Datasets (XDS)
b. N-dimensional data variables with named dimensions, coordinate values, and free form attributes
c. Natively parallelized through Dask
d. Attached to on-disk storage (in Zarr format), not actually loaded in memory

2. Base set of selection, manipulation, and mathematics developed (natively parallel)

3. Standard and Mosaic Gridders
a. Written in Python
b. Numerically equivalent output to CASA6
c. Greater potential for scalability

4. Benchmarking 
a. Four ALMA (30 GB - 300 GB) and                                                                                                  

one CHILES (2.5 TB) dataset.
b. ALMA benchmark completed on a

node and cluster (2 to 128 cores)
c. 2-4x (or more) speedup, same hardware 
d. CHILES benchmark achieved 6.7x

speedup on 8 node cluster
e. Speedup due to CASA not supporting                                                                                           

parallel writes

Credit: Jan-Willem Steeb, Ryan Raba, Andrew McNichols

https://cngi-prototype.readthedocs.io/en/stable/


CASA Next Generation Infrastructure
CASA Next Generation Infrastructure (CNGI)
• Infrastructure for next-generation CASA software to meet growing demands of 

radio telescopes
• New data structures for MeasurementSet and Image contents à built in Python, 

atop popular technology stack (numpy, dask, xarray)

• Prototyping completed in 2021 and made available as a demonstration package to 
the community à https://cngi-prototype.readthedocs.io/en/stable/

Next-generation CASA                                        
(ngCASA) 

• design and develop 
scientific package on  
top CNGI, aligned with 
ngVLA requirements                              
and performance
(but also serving ALMA             
and VLA)

https://cngi-prototype.readthedocs.io/en/stable/


Conclusions
• CASA is versatile and leading radio data processing software
• Publicly available - downloadable as all-inclusive tarfile, or pip-

wheel installation (casa.nrao.edu)

• Supports large number of use-cases (manual processing, scripting, 
pipelines, Notebooks)

• CASA Docs primary resource for users (casadocs.readthedocs.io)

• Stable software package, ongoing efforts next-generation CASA
à bright future for radio astronomy!

Thank you!
谢谢

We welcome feedback: casa-feedback@nrao.edu


