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Simulating ALMA Observations
How to get started and what to expect
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Simulating ALMA data

Bjorn Emonts
NRAO (CASA User Liaison)
casa-feedback@nrao.edu
bemonts@nrao.edu

Andrew McNichols
NRAO (CASA Simulations, next-generation CASA)
casa-feedback@nrao.edu
amcnicho@nrao.edu

Credit:
Remy Indebetouw (NRAO)
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Why simulate ALMA observations?

“Running a simulation can help convince the TAC that 
your proposed observations are feasible”
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Why simulate ALMA observations?

“Running a simulation can help convince the TAC that 
your proposed observations are feasible”

yourself
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Why simulate ALMA observations?

Proposed resolution / array configuration 
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Extended emission
� Resolved out on long baselines

klambda!!

Why simulate ALMA observations?
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Are we missing a large fraction of the 
molecular gas in the Universe?

Why simulate ALMA observations?

Proposed resolution / array configuration 

Emonts et al 2018, ASPC, 517, 587  

Point-source + Gaussian

6
”

3
”

35 GHz

Emonts et al 2018, ASPC, 517, 587  
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Are we missing a large fraction of the 
molecular gas in the Universe?

Why simulate ALMA observations?

Proposed resolution / array configuration Emonts et al 2018, ASPC, 517, 587  

Point-source + Gaussian

6
”

3
”

35 GHz

Mm signal very easily resolved out!

ALMA Band 4  (150 GHz) 

� 1km baseline: < 0.5 arcsec

CO(4-3) at z=2: < 4 kpc
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How to simulate ALMA observations?

https://casa.nrao.edu

Option 1: CASA

Option 2: ALMA Observations Support Tool
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CASA

Latest release: CASA 6.1

Official ALMA version: CASA 5.6.1
(CASA 6.1.1 with ALMA-pipeline pending)
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CASA

https://casa.nrao.edu

Download CASA versions
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CASA

https://casa.nrao.edu

Download CASA versions
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CASA

Latest release: CASA 6.1

• Monolithic tar-file (pipelines/manual)
Plug-and-play (like always)

• Modular pip-wheels (manual)
Integration Python (Jupyter Notebooks)

CASA 6.1: tools & tasks (CASA 6.2: GUIs)
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CASA

Latest release: CASA 6.1

ALMA Cycle 8: CASA 6.1.1
(release pending)

• simulator � tclean
(CASA 5.6 and earlier � old clean)

• simulator � Cycle-8 array-
configuration files 

Do not use CASA 5.3 for simulations!
(bug tool ‘cl.addcomponents / ia.modify’)
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How to simulate ALMA observations?

1. CASA simulation tasks:

• simobserve: create MS
• simanalyze: image MS

simalma

(or tclean)
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How to simulate ALMA observations?

1. CASA simulation tasks:

• simobserve: create MS
• simanalyze: image MS

simalma

2. Simulator tools:
sm tool / simutil 
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How to simulate ALMA observations?

1. CASA simulation tasks:

• simobserve: create MS
• simanalyze: image MS

simalma

2. Simulator tools:
sm tool / simutil 

3. Configuration files:
6.1.1: ALMA Cycle 0 – 8 + ACA

VLA, ngVLA, ATCA, PdbI, WSRT, CARMA, 
MeerKAT, SMA, VLBA

(Config files: ALMA Cycle 8 = Cycle 7)
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How to simulate ALMA observations?

1. CASA simulation tasks:

• simobserve: create MS
• simanalyze: image MS

simalma

2. Simulator tools:
sm tool / simutil 

3. Configuration files:
ALMA Cycle 0 – 8 + ACA
VLA, ngVLA, ATCA, PdbI, WSRT, CARMA, MeerKAT, SMA, VLBA

4. Visualization images:
CASA Viewer / CARTA
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How to simulate ALMA observations?

4. Visualization images:
CASA Viewer / CARTA

CARTA version 1.4 
Not all features of Viewer, 
but rapid progress!

Replace CASA Viewer
in near future

https://cartavis.github.io/

Consortium:
ASIAA, IDIA, NRAO, Univ. 
Alberta

Cube Analysis and Rendering Tool for Astronomy

https://cartavis.github.io/
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More information on ALMA simulations

1. CASA Docs: Official CASA documentation
https://casa.nrao.edu/casadocs/
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More information on ALMA simulations

Full Release Notes!
Known Issues!!

1. CASA Docs: Official CASA documentation
https://casa.nrao.edu/casadocs/
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More information on ALMA simulations

Full Release Notes!
Known Issues!!

1. CASA Docs: Official CASA documentation
https://casa.nrao.edu/casadocs/

Upcoming: CASA 6.2!
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More information on ALMA simulations

1. CASA Docs: Official CASA documentation
https://casa.nrao.edu/casadocs/

2. CASA Guides: Telescope-specific CASA strategies
https://casaguides.nrao.edu/

https://casa.nrao.edu/casadocs/
https://casaguides.nrao.edu/
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More information on ALMA simulations

1. CASA Docs: Official CASA documentation
https://casa.nrao.edu/casadocs/

2. CASA Guides: Telescope-specific CASA strategies
https://casaguides.nrao.edu/

https://casa.nrao.edu/casadocs/
https://casaguides.nrao.edu/
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More information on ALMA simulations: Tutorials

1. CASA Docs: Official CASA documentation
https://casa.nrao.edu/casadocs/

2. CASA Guides: Telescope-specific CASA strategies
https://casaguides.nrao.edu/

https://casa.nrao.edu/casadocs/
https://casaguides.nrao.edu/
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SIMALMA
CASA Guides: 
https://casaguides.nrao.edu/
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SIMALMA
CASA Guides: 
https://casaguides.nrao.edu/
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SIMALMA: Antenna 
Position Lists

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

https://almascience.nrao.edu/tools/casa-simulator

https://almascience.nrao.edu/tools/casa-simulator
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SIMALMA
CASA Guides: 
https://casaguides.nrao.edu/
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SIMALMA

1. Simobserve

Simulate visibilities (MS) for 
each configuration

2. Simanalyze

Imaging using 
simulated MSs 
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1. Simobserve

Simulate visibilities (MS) for 
each configuration

2. Simanalyze

Imaging using 
Simulated MSs 

SIMALMA 12m 7m TP
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More information on ALMA simulations
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Simulating Component Lists CASA Guides: 
https://casaguides.nrao.edu/
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Simulating Component Lists CASA Guides: 
https://casaguides.nrao.edu/

Use CASA tools to
create FITS file of 
Gaussian

Create component
list

Create simulated MS
of “skymodel”
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Simulating Component Lists CASA Guides: 
https://casaguides.nrao.edu/

Use CASA tools to
create FITS file of 
Gaussian

Create component
list

Create simulated MS
of “skymodel”
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Simulating Component Lists CASA Guides: 
https://casaguides.nrao.edu/

Use CASA tools to
create FITS file of 
Gaussian

Observations True sky model

Importance of 
ALMA simulations!!
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Questions?
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Five Minute Break
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Hands on 
SIMALMA DEMO
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SIMALMA

• simalma — simulate an ALMA observation including multiple 
configurations of the 12-m interferometric array, the 7-m ACA, 
and total power measurements by streamlining the capabilities 
of both simobserve and simanalyze.

• Simulating interferometric observations using the 
simobserve and simanalyze tasks proceeds in the 
following steps:
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SIMALMA

1. Make a model image or component list. The model is a 
representation of the sky brightness distribution that you 
would like to simulate observing.
• Existing previous image of your target or similar target
• Component list (point sources, Gaussians, disks, and limb-

darkened disks)

1. Uses the simobserve task to create a Measurement Set (uv 
data) that would be measured by a telescope observing the 
specified input model of sky brightness. simobserve can also 
introduce corruption modeling thermal noise or atmospheric 
effects.
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SIMOBSERVE
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SimObserve: Files Created
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SIMALMA

3.  Image (grid, invert, and deconvolve) the simulated 
observation(s) with the simanalyze task. simanalyze can also 
compare the simulated image with your input (convolved with 
the output clean beam) and then calculate a "fidelity image" 
that indicates how well the simulated output matches the 
convolved input image.

● Alternately, you can create an image yourself with the 
tclean task, and then use simanalyze to compare that 
to the sky model input.
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SIMANALYZE
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Simanalyze: Files Created



CASA website: https://casa.nrao.edu/
CASA Docs: https://casa.nrao.edu/casadocs/
CASA Guides: https://casaguides.nrao.edu/

casa-feedback@nrao.edu
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www.nrao.edu
science.nrao.edu
public.nrao.edu

The National Radio Astronomy Observatory is a facility of the National Science Foundation
operated under cooperative agreement by Associated Universities, Inc.


