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Why simulate radio interferometry observations?

- Convince TAC that proposed observations are feasible

- Convince yourself that proposed observations are feasible!
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Why simulate radio interferometry observations?

Proposed resolution / array configuration

- High resolution à imaging small structures

- Surface-brightness sensitivity à imaging extended structures

 At mm wavelengths, signal very easily resolved out
 Example: ALMA Band 4 (150 GHz):
     1km baseline  à  < 0.5 arcsec

 Largest Angular Scale à set by shortest baseline
 à not always useful, need sensitivity
 à For brightness sensitivity, many short baselines
 à Maybe even need for Single Dish (e.g., Plunkett et al. 2023)



Why simulate radio interferometry observations?

Proposed resolution / array configuration

- High resolution à imaging small structures

- Surface-brightness sensitivity à imaging extended structures

 At mm wavelengths, signal very easily resolved out
 Example: ALMA Band 4 (150 GHz):
     1km baseline  à  < 0.5 arcsec

 Largest Angular Scale à set by shortest baseline
 à not always useful, need sensitivity
 à For brightness sensitivity, many short baselines
 à Maybe even need for Single Dish (e.g., Plunkett et al. 2023)



How to simulate ALMA observations?

https://casa.nrao.edu

1. 2.

https://almaost.jb.man.ac.uk/ 

CASA software
(NRAO, ESO, NAOJ, JIVE)

ALMA Observations Support Tool
(online – U.K. ARC, Manchester)

https://casa.nrao.edu/
https://almaost.jb.man.ac.uk/


CASA Team

CASA-VLBI

Ilse van Bemmel (JIVE)                VLBI, Project Scientist
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

ARDG (Algorithm Research & Development Group)

Sanjay Bhatnagar (NRAO) - ARDG Lead
Mingyu (Genie) Hsieh (NRAO)
Martin Pokorny (NRAO) 
Preshanth Jagannathan (NRAO) 
Srikrishna Sekhar (NRAO, IDIA) 



Website (casa.nrao.edu)

Pipelines (ALMA, VLA) 

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

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

Compatibility Operating Systems

CASA download & installation New releaseevery 2-3 months!
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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

• Data Repository: Earth Orientation Parameters, reference frames,    
ephemeris data, beam models, simulator config files, etc

Manual, scripting & pipelines (ALMA calibration & imaging, VLA calibration, VLA Sky Survey)
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• Data Repository: Earth Orientation Parameters, reference frames,    
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Manual, scripting & pipelines (ALMA calibration & imaging, VLA calibration, VLA Sky Survey)

Experienced users



CASA Documentation: CASA Docs on github



How to simulate ALMA observations?

1. CASA simulation tasks:
- simobserve: model à simulated MS

- simanalyze: simulated MS à image
 (tclean) 

simalma

2. Simulator tools:
sm tool / simutil 

https://casa.nrao.edu

Use CASA 6 (or at least 5.7+)
(CASA 5.7: simulator upgraded clean à tclean)
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2. Simulator tools:
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3. Configuration files:
ALMA Cycle 0 – 11 + ACA
VLA, ngVLA, ATCA, PdbI, WSRT, CARMA, MeerKAT, SMA, VLBA

Note: ALMA Cycle 6-11 config files unchanged



How to simulate ALMA observations?

1. CASA simulation tasks:
- simobserve: model à simulated MS

- simanalyze: simulated MS à image
 (tclean) 

simalma

2. Simulator tools:
sm tool / simutil 

https://casa.nrao.edu

3. Configuration files:
ALMA Cycle 0 – 11 + ACA
VLA, ngVLA, ATCA, PdbI, WSRT, CARMA, MeerKAT, SMA, VLBA

4. Complex (non-ALMA) simulations:
Notebook examples CASA Docs



How to simulate ALMA observations?

CASA Guides
Telescope-specific tutorials
à data processing strategies
https://casaguides.nrao.edu/
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CASA Guides



SIMALMA
CASA Guides: 
https://casaguides.nrao.edu/



SIMALMA
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SIMALMA
CASA Guides: 
https://casaguides.nrao.edu/

88

simalma(project="M51_compact", skymodel="M51ha.fits", indirection="J2000 23h59m59.96s 
-34d59m59.50s", incell="0.1arcsec", inbright="0.004", incenter="330.076GHz", inwidth= 
"50MHz", antennalist=["alma.cycle8.3.cfg","aca.cycle8.cfg"], totaltime="1800s", tpnant=2, 
tptime="7200s", pwv=0.6, mapsize="1arcmin", niter=100, dryrun=False, overwrite=True) 



SIMALMA

1. Simobserve

Simulate visibilities (MS) for 
each configuration

2. Simanalyze

Imaging using 
simulated MSs 



1. Simobserve

Simulate visibilities (MS) for 
each configuration

2. Simanalyze

Imaging using 
Simulated MSs 

SIMALMA 12m 7m TP

Note: can also use
tclean + feather), or
sdintimaging



Simulating combinations ALMA / ACA / TP

ACA (7m) à spare (u,v)-coverage

Artifacts large-scale emission



Combining ALMA / ACA / TP

ACA (7m) + single dish (Total Power)

ACA (7m) TP (single dish) ACA + TP

Simalma à Adding TP reduces artifact of large-scale emission



Simulating combinations ALMA / ACA / TP

ACA (7m) + compact baselines 12m C-1
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12m C1-config
ACA baselines only
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Flexibility CASA simulations: output MS simobserve à input tclean

tclean(vis='M51_compact.alma.cycle8.1.noisy.ms', imagename=‘output_image', 
datacolumn='corrected', uvrange='0~50klambda', phasecenter='J2000 23h59m59.96s 
-34d59m59.50s', imsize=[1080], cell=['0.1arcsec'], specmode='mfs', gridder='mosaic', 
niter=100, pbcor=True, weighting='natural', uvtaper='25klambda')



Combining ALMA / ACA / TP

ACA (7m) + compact baselines 12m C-1

ACA + TPACA + TP + 12m C1 (ACA baselines)



Simulating w. Component List
CASA Guides: 
https://casaguides.nrao.edu/



Simulating w. Component List CASA Guides: 
https://casaguides.nrao.edu/

Files also saved to disk à



Advanced simulation (Notebook w. modular CASA)

CASA Docs:
https://casadocs.readthedocs.io/



Visualizing ALMA simulations (and data)

CARTA = recommended alternative for CASA Viewer!

https://cartavis.github.io/

Consortium:
ASIAA
IDIA
NRAO
Univ. Alberta

Cube Analysis and Rendering Tool for Astronomy

https://cartavis.github.io/


Information Summary



More information: CASA Guides

Tutorials / examples



More information: CASA Docs (code documentation)



More information: CASA Reference Paper



More information: Helpdesk & CASA contact e-mail

CASA contact: casa-feedback@nrao.edu

- Direct contact CASA Team
- Feedback: bugs, feature requests, general comments (questions)
- Best-effort (not a Helpdesk)

ALMA Helpdesk: https://help.almascience.org/

- ALMA Regional Centers (NAASC)
- One-on-one help



Questions?


