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Introduction to ALMA pipeline (PL)

• Used to calibrate ALMA interferometric (IF) and single-dish 
(SD) data. 

• Automated calibration and imaging
• Modular calibration and imaging tasks within CASA, put 

together based on standard prescriptions or recipes
• Produces a WebLog – a collection of webpages with diagnostic 

messages, tables, figures and Quality Assurance (QA) scores
• User’s guide and other useful documentation: 

https://almascience.nrao.edu/processing/science-pipeline

https://almascience.nrao.edu/processing/science-pipeline


Different data reduction paths for 
ALMA data
• Manually calibrated and imaged (non-standard datasets, e.g. 

polarization, solar observations, etc.) ~6% (NA)
• Pipeline calibrated and imaged (most standard datasets) ~89% 

(NA)
• Pipeline calibrated and manually imaged (e.g. PL cannot image 

because the data products are too large) ~5% (NA)
• Pipeline calibrated and imaged, with additional subset imaging 

using PL scripts (different robust, manually identified continuum)
• Pipeline calibrated and imaged, with additional manual imaging 

(self-calibration due to high dynamic range)
• Each MOUS is processed separately, different MOUSes may have 

different data reduction paths



Obtaining calibrated measurement sets
• Archive stores only raw data, calibration tables, scripts, 

products, etc. 
• Calibrated visibilities for PIs: 

– NA ARC: PIs get a download link through the Helpdesk 
(https://help.almascience.org/) once their data is 
delivered, with 30 days to download the file

– EU ARC: Request through the Helpdesk
– EA ARC: PI gets a download link 

• For non-proprietary data, calibrated measurement sets can be 
requested through the Helpdesk at any time

• For Cycle 5 and later, NRAO’s SRDP initiative (later slides)
• Download archive files and restore calibrated measurement 

set manually (this tutorial)

https://help.almascience.org/
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Exploring the ALMA Archive

• All projects start with the ALMA Archive – proprietary or 
public 

• New archive interface
– http://almascience.nrao.edu/asax/

http://almascience.nrao.edu/asax/


Searching the Archive
• Filter columns based on target, project, or publication
• Hover over the top left search bar for expanded search fields



Find Data to Download



Select Files to Download
• Newer (Cycle 5+) individual file download available

– Download auxiliary (contains calibration tables, scripts, 
etc.) and raw tar files to restore calibrated data and work 
with visibilities

– Download the products for just Fits files



QA2 Data Products Package:

Tar ball with imaging 
products, logs, 
calibration tables and 
scripts. 

Raw data tar balls.

Cycles 1-4 Packages



QA2 Data Products Package:

Cycles 5-Present



QA2 Data Products Package:
Cycles 5-Present: Auxiliary Tarball

Tar ball

Individual 
file 
download

OR



QA2 Data Products Package:

Cycles 5-Present: Product Tarball

Tar ball

Individual 
file 
download

OR



QA2 Data Products Package: Cycle 4 - now

https://help.almascience.org/index.php?/Knowledgebase/Article/View/375/

https://help.almascience.org/index.php%3F/Knowledgebase/Article/View/375/


Select the Download Method 
• If you have problems running the Java Download Manager

– Try the download script
– If you have errors, run the script again and it will resume
– File a Helpdesk ticket! 
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QA2 Data Products Package:
Directory Structure
After un-tarring the processed data we have a directory tree:

Project code
Science
goal

Member OUS: may 
contain 12-m array, 
ALMA Compact Array 
(ACA), or Total Power 
observation

Group OUS: 
combination of 
member OUS’s

Data delivery products…

2016.1.00164.S
└── science_goal.uid___A001_X87a_X9fa

└── group.uid___A001_X87a_X9fb
└── member.uid___A001_X87a_X9fe

├── calibration
├── product
├── qa
├── script



QA2 Data Products Package: 
Calibration directory

Pipeline Calibration Tables

All flags will be restored during calibrationContains 
PL helper 
files



QA2 Data Products Package: 
Product directory

Products:

Calibration and Target images 
produced from QA2



QA2 Data Products Package: 
Raw directory

If you also download and untar 2016.1.****.S_uid*.asdm.sdm.tar



QA2 Data Products Package:
Script directory
Pipeline Calibration Scripts:

Commands to re-run the pipeline from scratch

Run scriptForPI.py to restore calibration



QA2 Data Products Package: 
QA directory

QA reports (Cycle 6 - now) and weblog

QA0 report: Quality 
assurance during 
observations

QA2 report: Quality 
assurance after 
calibration and imaging; 
details about calibration 
and imaging methods

Calibration and/or 
imaging weblog 



QA2 Data Products Package:
The QA2 Report (previously README)
Different format before Cycle 5

Details about the quality of the 
data processing are in

qa/member.uid___A001_X135e_X
8f.qa2_report.pdf (or html)

Details about the processing are in

qa/*weblog.tgz

Details about the quality of the 
raw data are in

qa/*qa0_report.pdf (or html)

Project code: 2015.1.02572.S
PI name: Bob Hops
Project title: A first look at Space
Configuration: 0.241 km
Proposed rms:
Proposed beam size: 3.44"
CASA version: 4.7.2
Comments from Reducer:
This scheduling block was manually 
calibrated and imaged.
Several antennas were flagged for 
particularly high Tsys.
Continuum images were produced using 
scriptForImaging.py. They include
the entire bandwidth.
Continuum:
Beam= 4.33" by 2.59"
RMS = 5.0 Jy/Beam over 7.5 GHz 
bandwidth

You can download the AQUA 
quality report for these 
observations from SnooPI using 
the following URL...

https://asa.alma.cl/snoopi

Cycle 5 Cycle 6-NowCycle 0-4

If you are not on 
the project and 
need the QA2 
report of the 
public data, 
submit HD ticket

https://help.almascience.org/index.php?/Knowledgebase/Article/View/268/4/how-
are-alma-data-products-packaged



After Observations – QA2
• Calibration by pipeline or DA/staff.
• Final QA checks include

– RMS of complex antenna-based gains
– Absolute flux calibration scale
– Tsys within acceptable range
– Proper phase transfer cadence
– Proper bandpass corrections

• Assessment of Imaging Products
– RMS noise and angular resolution
– No strong artifacts
– Performed on the reference source/spectra 

• Information about QA review is aggregated for delivery in the 
QA2 Report



The QA2 Report (Cycle 5 to now):
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Open the Weblog
• cd to the qa directory
• Run the command:
tar –xvzf
member.uid___A001_X87a_X9fe.hifa_calimage.weblog.tgz
• Open pipeline-20190312T041124/html/index.html in a 

browser (recommend using Firefox)
• Note: If using Firefox version >= 68.0, open about:config and 

change ”privacy.file_unique_origin” property to false if you get 
the following error message: 

• Pipeline users guide: 
https://almascience.nrao.edu/processing/science-pipeline

https://almascience.nrao.edu/processing/science-pipeline


The Wondrous Weblog! 
Your guide to QA2

See Pipeline Users Guide, Chapter 8 for more information.

Click EB for information on the observation

Embedded documentation link

Pipeline users guide: 
https://almascience.nrao.edu/processing/science-pipeline

https://almascience.nrao.edu/processing/science-pipeline


Pipeline Users Guide, Chapter 8 for more information.
Click By Task for breakdown of pipeline tasks

The Wondrous Weblog!



Pipeline Users Guide, Chapter 8 for more information.

Click on a 
pipeline task 
for detailed 
information 
and plots

The Wondrous Weblog!



Pipeline Users Guide, Chapter 8 for more information.

Examine calibrated phase and amplitude in 
different dimensions!

The Wondrous Weblog!



Pipeline Users Guide, Chapter 8 for more information.

Blue sections indicate selected continuum ranges

The Wondrous Weblog!



Pipeline Users Guide, Chapter 8 for more information.

The Wondrous Weblog!

Moment 8 maps shown for cubes: Click on “View 
other QA images…” for the dirty image, mask, PSF, 
and other diagnostic images.
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Restoring calibrated measurement set
• Recommend using same CASA version used in processing
• Two ways: 

– Method I: Using scriptForPI.py – for pipeline and manually 
reduced data – the recommended and fastest way

– Method II: Using casa_piperestorescript.py – to restore 
pipeline calibrated data only, invoked by scriptForPI.py



Restoring calibrated measurement set: 
scriptForPI
• https://help.almascience.org/index.php?/na/Knowledgebase/

Article/View/267
• Recommend using same CASA version used in processing
• But if you do want to use a newer version, inspect the 

measurement set carefully to make sure flags were applied 
correctly. 

• A few known issues are posted here: 
– https://help.almascience.org/index.php?/Knowledgebase/

Article/View/379
– https://help.almascience.org/index.php?/Knowledgebase/

Article/View/395
- For new issues: post a Helpdesk ticket -
https://help.almascience.org/index.php?/Core/Default/Index

https://help.almascience.org/index.php%3F/na/Knowledgebase/Article/View/267
https://help.almascience.org/index.php%3F/Knowledgebase/Article/View/379
https://help.almascience.org/index.php%3F/Knowledgebase/Article/View/395
https://help.almascience.org/index.php%3F/Core/Default/Index


Restoring calibrated measurement set: 
scriptForPI
• https://help.almascience.org/index.php?/na/Knowledgebase/

Article/View/26
• cd into script directory
• Start the correct version of casa (casa –-pipeline for PL tasks)
• Run scriptForPI.py (with spacesaving options, if needed) –

execfile(‘member.uid___A001_X146c_Xa2.scriptForPI.py’)

https://help.almascience.org/index.php%3F/na/Knowledgebase/Article/View/26


Restoring calibrated measurement sets: 
scriptForPI - PL calibration + imaging

• Results in calibrated directory, which contains:

Measurement set containing data (raw) 
and corrected (calibrated) columns of all 
targets (calibrators and science targets) 



Restoring calibrated measurement sets: 
scriptForPI - PL calibration + imaging

Working directory:



Restoring calibrated measurement sets: 
scriptForPI - PL calibration + Manual Imaging

calibrated directory if only calibration pipeline was run: 

Look for scriptForImaging.py in the script directory 

Measurement set 
containing only science 
spectral windows (spw) of 
all sources



Restoring calibrated measurement sets: 
PL calibration + imaging + subset imaging
• Results of running scriptForPI.py same as that for PL 

calibration + imaging
• Subset imaging reasons: self-calibration, improved 

continuum selection, different robust parameter, etc.
• If subset imaging was done manually, look for 

scriptForImaging.py in script directory
• If additional subset PL imaging was done after the imaging 

pipeline was run, look for member.uid*.manual_imaging.tgz
in the script directory

Additional weblog
PL imaging script

Manual continuum 
selection file



Restoring calibrated measurement sets: 
using PL script casa_piperestorescript.py

https://almascience.nrao.edu/processing/science-pipeline

Resulting uid*.ms in working directory
For more information, refer to the user’s guide: 

https://almascience.nrao.edu/processing/science-pipeline
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Re-running the pipeline using 
casa_pipescript.py

Calibration tasks;
## indicates the use of 
pipeline helper files

Imaging tasks; 
## indicates the use of 
pipeline helper files



Re-running the calibration pipeline using 
casa_pipescript.py
• Create rawdata/, working/, and products/ subdirectories
• Copy uid*casa_pipescript.py to casa_pipescript.py in the 

working/ directory (edit to include PL steps you wish to 
repeat)

• Copy flux.csv, antennapos.csv (if present) and 
uid*flagtemplate.py (one flagtemplate.py per execution, 
modify as needed) to the working directory (found in 
uid*auxproducts.tgz from cycle 6-now)

• Copy raw ASDMs (rename without suffix .asdm.sdm) to 
rawdata/ directory

• Start CASA using casa –-pipeline
• Run the script using execfile(‘casa_pipescript.py’)
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Pipeline Image Reprocessing
• To re-run imaging tasks also, copy 

uid*flagtargetstemplate.txt and cont.dat to the working/ 
directory

• Pipeline images are quality assessed but may not be science 
ready
– All sources/spws may not be imaged (image mitigation to 

avoid long PL runs)
– Change continuum selection
– Change weighting, channel width, automasking, etc.

• For pipeline calibrated data, see 
https://casaguides.nrao.edu/index.php/ALMA_Imaging_Pipeli
ne_Reprocessing

• For manually calibrated data, see 
https://casaguides.nrao.edu/index.php?title=ALMA_Imaging_
Pipeline_Reprocessing_for_Manually_Calibrated_Data

https://casaguides.nrao.edu/index.php/ALMA_Imaging_Pipeline_Reprocessing
https://casaguides.nrao.edu/index.php%3Ftitle=ALMA_Imaging_Pipeline_Reprocessing_for_Manually_Calibrated_Data


Manual Imaging following PL calibration
• Automasking Guide 

https://casaguides.nrao.edu/index.php/Automasking_Guide
• Manual imaging template available at: 

https://casaguides.nrao.edu/index.php?title=Guide_to_the_N
A_Imaging_Template

• Combining multiple MOUS: 
https://casaguides.nrao.edu/index.php?title=M100_Band3_C
ombine_5.4

• casa_commands.log in the script directory 
– list of equivalent CASA task commands used by the PL
– comments indicate which Pipeline stage the tasks were 

called from, and why
– Imaging commands can be modified to produce new 

imaging products with more finely tuned inputs (e.g. 
interactive masks and deeper cleaning thresholds)

https://casaguides.nrao.edu/index.php/Automasking_Guide
https://casaguides.nrao.edu/index.php%3Ftitle=Guide_to_the_NA_Imaging_Template
https://casaguides.nrao.edu/index.php%3Ftitle=M100_Band3_Combine_5.4


Image analysis
• ADMIT (ALMA data-mining toolkit)

– Tools for analyzing image data cubes
– http://admit.astro.umd.edu/
– CASA guide: 

https://casaguides.nrao.edu/index.php?title=ADMIT_Produ
cts_and_Usage

• CARTA (Cube Analysis and Rendering Tool for Astronomy)
– https://cartavis.github.io/

http://admit.astro.umd.edu/
https://casaguides.nrao.edu/index.php%3Ftitle=ADMIT_Products_and_Usage
https://cartavis.github.io/
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NRAO Science Ready Data Products
B. Kent+NINE program

https://science.nrao.edu/srdp
https://archive-new.nrao.edu/portal/#/

https://science.nrao.edu/srdp
https://archive-new.nrao.edu/portal/


What is the SRDP Project?

• Data from modern radio interferometers such as the VLA and 
ALMA are both very large in terms of volume, and complicated in 
terms of what the data model allows.

• Significant barriers now exist for newcomers to data from these 
instruments, and even individuals with expertise find data 
processing very burdensome.

• This reduces the scientific output of these facilities – rather than 
being limited by the technical capabilities of the instruments, 
scientists are limited by the logistics of data processing



SRDP

Aims to deliver data products that have been produced by an observatory-
standard pipeline, quality-assured to a consistent standard, and have bad 
data removed. 
• Overall plan:

– Five Waves (waterfall development) expanding from basic 
capabilities to a full program over five years.

• Initial pilot & Wave 1:
– Apply calibration tables to previously calibrated VLA and ALMA raw 

data (working).
– Produce calibrated visibility (uv) data for VLA high frequency 

observations (working).
– Produce bespoke images from calibrated ALMA visibilities to 

include only the channel range needed by the user (working). 
– Ingest products from large programs such as the VLA Sky Survey



Waves 2-5

• Future waves will include imaging of  VLA data, special workflows 
for time-critical VLA observations, and multi-configuration/array 
imaging for VLA and ALMA.

• Remote (server-side) visualization and simple analysis using 
CARTA. 

• Reruns of pipeline calibrations with user-tuned parameters for 
VLA and ALMA will be allowed.

• A new system for observing proposals and the generation of 
scheduling blocks will ensure that observations are more 
compatible with the pipeline’s expectations regarding calibration 
strategies etc.



The SRDP pilot
• VLA calibration began in mid-June 2019

– Initially restricted to high frequencies (where interference is 
negligible) > 12GHz (Ku-band and above), and to single-band 
datasets that followed standard calibration procedures.

– Included X-band (8-12 GHz) in September.

• Procedure:
– Standard pipeline run on data (as usual)
– Results reviewed by a data analyst, and suggestions for flagging or 

other changes made.
– Suggestions are reviewed by an “Astronomer on Duty” (AoD) (a 

scientist or an experienced analyst).
– Pipeline is rerun.
– Process above is iterated until AoD signs off on a QA pass or fail.



ALMA Imaging (currently under test)
• Users can select their own imaging parameters via a web 

interface
• Pipeline software will apply the calibration to the raw data, then 

make the image per the users’ request.
• Allows the user to image the part of the cube they want, at the 

resolution they need.

https://archive-new.nrao.edu/portal/#/

https://archive-new.nrao.edu/portal/




SRDP Summary
• NRAO’s SRDP program aims to 

take care of routine radio data 
processing, leaving users to focus 
on analysis and science.

• Will make radio astronomy more 
accessible to multiwavelength 
astronomers.

• Our pilot program has begun, no 
severe problems have been 
identified so far.

• SRDP will also support ingest of 
large programs, including 
contributions by users.

VLASS source (cyan), identified as a 
candidate quasar using Gaia DR2 and 
imaged in PanSTARRS
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Getting and starting CASA
• Download and installation instructions available here: 

http://casa.nrao.edu/casa_obtaining.shtml
• Restore data using the same CASA version used to process 

the data
• For this tutorial, we use CASA 5.6.1-8
• To run pipeline tasks, start CASA with 

casa --pipeline

http://casa.nrao.edu/casa_obtaining.shtml


Example dataset 
• ALMAGAL: ALMA Evolutionary study of High Mass Protocluster

Formation in the Galaxy
• 2019.1.00195.L – Cycle 7 large program 
• PI: Sergio Molinari
• 7m (ACA) 
• Scheduling Block (SB) name: 520412_a_06_7M
• Two science targets: G221.9605-01.9926 and 520412
• 4 science spectral windows (spw)



Archive search: by ALMA target name 
(520412)



Exploring the dataset
• Untar the files: tar xvf *.tar (* - file name)
• Creates a directory called 2019.1.00195.L
• cd into this directory, and explore: 

• ls to list contents of directory

cd qa
ls



QA2 report (qa directory)



QA directory: WebLog
• tar xvzf member.uid___A001_X146c_Xa2.hifa_calimage.weblog.tgz
• cd pipeline-20191013T211357/html/
• Open index.html in a browser, click through to review weblog



Restoring calibrated measurement set
• cd into script directory
• Start casa using casa --pipeline
• execfile(‘member.uid___A001_X146c_Xa2.scriptForPI.py’)

• Exit casa, cd into calibrated directory



Imaging pipeline reprocessing
• https://casaguides.nrao.edu/index.php?title=ALMA_Cycle_7_I

maging_Pipeline_Reprocessing – for examples of imaging 
recipes

• Common re-imaging examples: 
– Make pipeline aggregate continuum image with all 

channels
– Revise continuum selection before PL continuum 

subtraction
– Restore PL continuum subtraction and use channel binning 

for subset of spws and fields for PL imaging of cubes
– Remake images with uvtaper

https://casaguides.nrao.edu/index.php%3Ftitle=ALMA_Cycle_7_Imaging_Pipeline_Reprocessing


Example imaging recipe

Select different imaging 
modes



Example imaging recipe

Select different spws

Continuum 
subtraction 
using revised 
selection



Example imaging recipe

Select channel binning 
for spws, subset of 
sources, different 
weighting



Imaging pipeline reprocessing
• https://casaguides.nrao.edu/index.php?title=ALMA_Cycle_7_I

maging_Pipeline_Reprocessing – for examples of imaging 
recipes

• cd into calibrated/working
• Copy PL helper files cont.dat and uid*flagtargetstemplate.py

from calibration/ directory to working
• Select imaging pipeline recipe, edit and save into a file, e.g. 

scriptForImaging_robust0.py (aggregate continuum image 
using all channels for target 520412 with robust 0.0)

• Start casa –-pipeline
• execfile(‘scriptForImaging_robust0.py’)

https://casaguides.nrao.edu/index.php%3Ftitle=ALMA_Cycle_7_Imaging_Pipeline_Reprocessing


Example imaging script

Select a subset of 
sources, use different 
weighting

Make aggregate 
continuum image



Imaging pipeline reprocessing
• Will create:

– new pipeline-*/html directory with weblog and 
casa_commands.log file

– Images (PL imaging products are always named the same)
– Calibrated MS for each ASDM containing only science 

targets and spectral windows (uid*_target.ms) 
• After hif_mstransform, the DATA column has calibrated 

continuum+line data
• After hif_uvcontsub, the DATA column has calibrated 

continuum + line data and CORRECTED column has 
calibrated continuum subtracted data



Imaging pipeline reprocessing



Imaging pipeline reprocessing


