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Outline 

•  Introduction and Current Status 
•  General tools and tasks 
•  CASA in use! 
•  CASA Training Materials 
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Introduction 

•  ALMA will be 10-100 times more sensitive and have 10-100 times 
better angular resolution than any current mm/submm telescope. 

•  It represents a truly transformational leap in hardware capability. Data 
reduction capabilities and analysis tools need to be equally 
transformational.  

•  CASA (Common Astronomy Software Applications) is the offline data 
reduction package for ALMA.  

•  CASA has been developed to achieve the full science potential of 
ALMA. 
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General Description 

•  CASA is the post-processing package for ALMA (and EVLA) both 
interferometric and single dish 

•  The ALMA pipeline is is being built from CASA toolkit 
•  Toolkit packaged into most commonly used tasks for users 
•  Designed with parallelization in mind 
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Other details:  
•  The algorithms are in C++; interface in python/ipython/Qt 
•  Fully scriptable, with in-line help and scientist-written documentation 
•  Interferometric calibration and imaging capabilities implemented via the 
Hamaker, Bregman, Sault formalism (Measurement Equation) 
•  Telescope data (visibility and single-dish) are stored in a MeasurementSet (MS); 
a filler converts ALMA and EVLA raw data (SDM) to the MS 
•  Single dish functionality leverages ATNF developed ASAP software 

Python: Cookbook Appendix D 



Release Status 

•  CASA in active (though restricted) community use since October 2007. Publically 
available since July, 2008. Dec. 2009 was first non-beta release 

•  Release 3.1.0 available since Dec. 1 2010 
–  Pretty much any recent linux flavor, Mac OSX for Leopard & Snow Leopard 
–  Available to anyone from CASA homepage:  

http://casa.nrao.edu  

•  Next release (3.2.0) expected April 2011 

•  Used every day in Chile for ALMA Commissioning and Science Verification 

•  Being used heavily for EVLA science verification, RSRO visitors, and by outside 
users since start of early science March 1, 2010 
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Import & Calibration 
•  Full ALMA/EVLA data import (e.g., complex correlator 

setups) 
–  Raw data formats designed with CASA in mind 

–  Importuvfits for data from other telescopes (CARMA, SMA, ATCA, etc.) 
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Interactive flagging 



Import & Calibration 

•  Standard gain & bandpass calibration   
–  Flexible mapping of calibration from one spectral window to others  
–  Phase-only, Amplitude-only options 
–  Polarization calibration  
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 UV-spectrum in plotms, 
colorized by spectral  window 



Imaging & Deconvolution 

•  Mosaic imaging 
–  Joint deconvolution (Miriad style) and 

by gridding convolution 
–  Mosaicing with heterogenous arrays 

(ALMA, CARMA) 

•  Multi-frequency Synthesis 
Imaging 

•  Multiscale clean 

•  Interactive cleaning 
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Interactive clean viewer 



Imaging & Deconvolution 

•  Widefield imaging 
–  W-projection and faceting 

•  Multiple algorithms for single dish and interferometry 
combination 
–  Feathering 
–  Single Dish as a model for deconvolution 
–  True joint deconvolution using both visibility data and single dish data 

•  Requires data with well-calibrated weights between the single dish 
and interferometry data (ALMA), and testing 

•  Full beam Stokes I, V imaging (experimental) 
•  MEM & NNLS (toolkit level only so-far) 
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Single Dish 
•  Based on ATNF ASAP package 
•  Calibration and flagging 

–  Calibration of position–switching, frequency-switching spectral data 
–  Calibration of total power raster scan data 
–  Opacity correction (based on input opacity value) 
–  Flagging by channel or row 

•  Imaging 
–  Imaging of total power and spectral line raster scan data, including 

solar-system objects 

•  Data analysis 
–  Baseline fitting and subtraction 
–  Plotting and profile fitting 
–  Basic vector arithmetic 
–  Removal of scanning noise 
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EVLA data reduced in CASA 

•  EVLA, a pathfinder for CASA. 
–   EVLA (shared risk) observations started March 2010.   

EVLA Ka-band (10mm) of 
HC3N in AGB star IRC
+10216 

EVLA 6cm mosaic 
of SNR: 3C391 EVLA 13mm demo science: Orion 

Hot Core  

•  this spectrum has 24k channels!  
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CASA in ALMA Commissioning 
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Spiral galaxy NGC253 (optical image credit: ESO).  

There were six antennas for the 230 GHz observations and only four for those at 
690 GHz. 

CO J = 2-1  

continuum and 
CO J = 6-5 line at 
690 GHz 



CASA in ALMA Commissioning 
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G34.26+0.15 is unresolved with the short baselines that we are presently using. 
A section of the spectrum near 100 GHz shows a “forest” of molecular lines. Credit: 
ALMA (ESO/NAOJ/NRAO)  

molecular “hot core” 
G34.26+0.15 



CASA in ALMA Commissioning 
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ALMA test data at 870 microns showing 
the denser material in the central region. 
Credit: ALMA (ESO/NAOJ/NRAO)  

Herschel 70 µm 

Dust disk around Beta Pictoris 
Olofsson et al., SDP Presentations, 
Madrid, Dec 2009 



ALMA Software Tutorial 

Data from SMA, CARMA, & PdBI, reduced 
with CASA 

•  Used to train the community in (sub)millimeter data reduction 
techniques and CASA 

CARMA CO(1-0) mosaic of M99 (data courtesy STINGS team) 

SMA CO (2-1) mosaic  toward 
IRDC G19.3+0.07 (C. Brogan) 

PdBI CO(2-1) image of 
NGC1275 using 
experimental pdb2casa 
filler (courtesy P.  Salome)	
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CASA Documentation and Web Resources 
http://casaguides.nrao.edu 

•  User friendly documentation:  
mediawiki to enable fully 
annotated scripts in addition 
to traditional “cookbook” 

•  Additional “guides” continue 
to be added 

•  Currently there are 
millimeter guides for EVLA, 
CARMA, and SMA that 
serve as important learning 
tools for future ALMA data 

•  CASAguides for ALMA 
Science Verification data on 
near horizon 
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CASAguides: 
an example 

18 

 CARMA guide with 
transfer of wideband  
to narrow band 
spectral windows: 
proxy for ALMA data  

http://casaguides.nrao.edu.php?title=CARMA_spectral_line_mosaic_M99 



CASA helpdesk 

•  In Feb. 2010 NRAO 
launched Kayako 
helpdesk at 
http://help.nrao.edu 

•  Kayako combines the 
utilities of managing 
tickets/user support with 
a knowledge base 
 Herschel and Spitzer 

Science Centers 

•  Testing and 
implementation 
underway for Kayako 
ALMA Helpdesk 
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ALMA Pipeline 
•  Uses CASA toolkit and “heuristics” developed using 

currently available data, and now training on ALMA 
CSV data. Later training on ES data for 2012 delivery 
 Goal: processing time ≤ observing time 
 Processing takes place on Santiago Pipeline cluster 
 Will deliver: Raw ASDM format uv-data, meta-data, 

reduction script, calibration & flagging tables, and 
reference science images mirrored to ARCs 

June 2010 pipeline tests using 
VLA data 

Continuum, single field 

Mosaic, spectral line 

Feb. 2010 single dish pipeline tests using ALMA CSV data 
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Many capabilities, including:  
•  Simulate continuum, simple 

cubes 
•  Add thermal noise and 

linear cross-polarization  
•  Re-image the data 
•  Analyze the difference in 

output and input images 

Simdata talk next 

o  1-stop task to simulate ALMA, EVLA, SMA, CARMA, ATCA, SKA 

CASA Simulator: simdata 



Future CASA Training 

•  Over the next few months (until June 30 deadline) NAASC training 
events will focus on the tools needed for ES proposal preparation 

•  Starting in the early Fall, CASA tutorials will be held to allow 
successful ES proposers to get the most out of their ES data 

•  Training events will be posted at http://science.nrao.edu/alma/ 
and announced via email, NRAO eNews 

•  CASAguides, CASA helpdesk and NAASC staff are already 
available for questions and help 
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www.almaobservatory.org 

The Atacama Large Millimeter/submillimeter Array (ALMA), an international astronomy facility, is a partnership of Europe, 
North America and East Asia in cooperation with the Republic of Chile.  ALMA is funded in Europe by the European 
Organization for Astronomical Research in the Southern Hemisphere (ESO), in North America by the U.S. National Science 
Foundation (NSF) in cooperation with the National Research Council of Canada (NRC) and the National Science Council of 
Taiwan (NSC) and in East Asia by the National Institutes of Natural Sciences (NINS) of Japan in cooperation with the 
Academia Sinica (AS) in Taiwan.  ALMA construction and operations are led on behalf of Europe by ESO, on behalf of North 
America by the National Radio Astronomy Observatory (NRAO), which is managed by Associated Universities, Inc. (AUI) 
and on behalf of East Asia by the National Astronomical Observatory of Japan (NAOJ).  The Joint ALMA Observatory (JAO) 
provides the unified leadership and management of the construction, commissioning and operation of ALMA. 
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CASA Development Priorities in 
Coming Year 

•  Support of ALMA commissioning needs (provides cutting edge proof whether 
ES modes can be reduced) 

•  Improvements to single core speed (import, split, flagging, calibration) 

•  Application, manipulation, plotting of system temperatures and WVR 

•  Testing and fine-tuning of calibration techniques for linear feeds 

•  Parallelization and cluster fine-tuning for imaging and flagging 

•  Improvements to calibration table plotting (incorporate into plotms) 

•  Viewer improvements (especially for spectral line plotting and analysis) 

•  Improvements to “TV” based flagging in the Viewer (on-the-fly spectral and time 
averaging) 

•  Improvement and expansion of image analysis tasks 

•  Expanded and more modularized simulation capabilities, incorporate single dish 
simulation 

Blue= Key for  ALMA Early Science 
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CASA Performance 

•  Release of multi-core functionality 
staged so its available for pipeline 
testing, CSV, and community ASAP 
  Simple imaging (single field or simple 

mosaic cube) progressing, expected 
in experimental form for October 
release 

  Multi-core flagging and more imaging 
cases expected June 2011  


 T

im
e 

# of Nodes  
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