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Why Simulating ALMA Observations?

● Investigate proposal feasibility
● Determine the optimal configuration to observe what you want to see
● Improve proposal quality



Two Sections

● General description & examples
● Hands-on session



Outline

1. Required material
2. Task description
3. Basic steps/parameters
4. Examples
5. Tips for ALMA simulation



Required Material

CASA

● Available from casa.nrao.edu
● Could be faster to download from NAOJ 

CASA mirror site
● Please use the latest version or versions 

>= 6.2

https://casa.nrao.edu/casa_obtaining.shtml
https://alma-dl.mtk.nao.ac.jp/ftp/casa/distro/casa/release/
https://alma-dl.mtk.nao.ac.jp/ftp/casa/distro/casa/release/


Required Material

Input model of your source

● Assuming that you know your object's
○ Angular size
○ Brightness distribution
○ Coodinates

● Projected image in format of CASA image 
or fits file

● Having two (x,y) or three (x,y,v) 
dimensions

● In unit of Jy pixel–1

● Coordinates given in header



Tasks for ALMA simulation

1. simobserve
○ Simulate observations with ALMA and 

ACA, and generate simulated visibility
2. simanalyze

○ Generate images from simulated visibility
3. simalma

○ Do simobserve and simanalyze in one run
○ Would be more convenient for ALMA users

Input image model 

Generate visibility  

 Transforming to images  

simobserve

simanalyze

simalma

https://casadocs.readthedocs.io/en/latest/api/tt/casatasks.simulation.simobserve.html
https://casadocs.readthedocs.io/en/stable/api/tt/casatasks.simulation.simanalyze.html
https://casadocs.readthedocs.io/en/stable/api/tt/casatasks.simulation.simalma.html


Basic Steps — simobserve

(Screen shot comes here) Basic input:

● project
○ Root prefix for output file names

● skymodel
○ Model image to observe in format of fits file 

or CASA image.
● direction

○ Mosaic center direction (e.g., J2000 
19h00m00s -40d00m00s)

● mapsize
○ Angular size of mosaic map to simulate

● maptype
○ Pointing type. Default ‘hexagonal’ is ok for 

ALMA observations.

Can be ignored if input model image has info. in header

Go to websites or type help(‘simobserve’) in CASA to 
check details



Basic Steps — simobserve

Optional parameters when skymodel is given:

● inbright
○ Peak brightness to scale the image to in 

Jy/pixel
● indirection

○ Set new direction
● incell

○ Set new pixel size of the input image to 
scale object distance

● incenter
○ Set new frequency center

● inwidth
○ Set new channel width (e.g., "10 MHz")



Basic Steps — simobserve
Basic input:

● obsmode
○ 'int' or 'sd': interferometer or single-dish (total 

power)
● hourangle

○ Hour angle of observation center
○ E.g., -3:00:00, 5h

● totaltime
○ Total observing time

● antennalist
○ Antenna configuration
○ antennalist='alma;cycle8;0.5arcsec', resulting 

a synthesized beam of ~0.5 arcsec
○ antennalist=['alma.cycle8.5.cfg', 

'aca.cycle8.i.cfg']; totaltime=['20min', '2h']: 
12-m array for 20 minutes and ACA 7-m array 
for 2 hours

○ antennalist='aca.tp.cfg': Total-power (TP) 
observations

Proposal Guide

alma.cycle10.8

'alma.cycle8.5.cfg'

https://almascience.nao.ac.jp/documents-and-tools/cycle10/alma-proposers-guide


Basic Steps — simobserve

Antenna configuration files

● almascience.org > Tools > CASA simulator
● The latest CASA version should already 

contain configuration files for Cycle 1 to 9
○ How to check available files in CASA?

■ os.getenv("CASAPATH").split()[0]+"
/data/alma/simmos/" → ls <path>

● To use antenna configuration for Cycle 10, 
type ‘!update-data’ in CASA or download 
configuration files manually

○ If you use files manually downloaded,
■ tar -xvf alma-configuration-files
■ antennalist = 

'./alma_cycle10_configuration_files/
alma.cycle10.3.cfg' for example

https://almascience.nao.ac.jp/tools/casa-simulator


Basic Steps — simobserve

What you get:

● Simulated measurement sets (.ms)
● Quick-look images (.png) like the left ones 

if graphics='both' or 'file' (default 'both')　

Hour vs elevation Antenna position

uv coverage PSF (beam shape)



Basic Steps — simanalyze

simanalyze does tclean for simple analysis.

Parameters:

● project
○ project name of simobserve to be analyzed

● featherimage
○ TP image if it is to be added

● weighting
○ natural/briggs/uniform
○ Only robust=0.5 for Briggs weighting



Basic Steps — simanalyze

What you get:

● Image file (.image)
● A png file for quick look (left ones)
● Also files with .model, .psf and so on
● Use imview to look into the image in more 

detial
Model Convolved

CLEANed Residual



Basic Steps — simanalyze

simanalyze provides more info.:

● First six images you specify will be output 
in a png fileDefault output



Basic Steps — simanalyze

Again, use imview to look images in more 
detail

uv-coverage PSF Model

CLEANed Difference Fidelity



Basic Steps — simalma

Do simobserve and simanalyze in one run.

Would be more convenient for ALMA users.

Parameters are basically as the same as simobserve 
and simanalyze.

Difference:

● Set dryrun=False to run simobserve/simanalyze 
though default value is True

● No obsmode parameter
○ Use tpnant to simulate total power (TP) 

observations
● For 7-m array, e.g., 

○ 'aca.cycle1.cfg' in simalma
○ 'aca.cycle1.i.cfg' in simobserve

● Both individual/combined measurement sets are 
analyzed if you simulate multiple configurations!



Basic Steps — simalma

TP observations

● tpnant
○ Number of TP antennae (0–4)

● tptime
○ Total observation time for TP

Imaging

● Even more simple than simanalyze
● Weighting: Briggs with robust=0.5 only
● Use tclean for more detailed analysis



Example — Hourangle

E
le

va
tio

n 
(º

)

uv coverage PSF

hourangle='transit', totaltime='20min' hourangle='–3h', totaltime='20min'



Example — Totaltime

E
le

va
tio

n 
(º

)

Hour angle and total observing time change uv-coverage a lot

uv coverage PSF

hourangle='transit', totaltime='1min' hourangle='transit', totaltime='4h'



Example — Configuration

E
le

va
tio

n 
(º

)

–200 kλ 200 kλ

200 kλ

–200 kλ

–1000 kλ 1000 kλ

1000 kλ

–1000 kλ

Antenna position
C-3 (Cycle 8) C-6



Example — Configuration

Skymodel C-3 C-6 C-3+C-6



Tips — Parameters

● On-source time and hourangle change uv-coverage
○ Explore parameters

● If simulations do not work:
○ Check input parameters
○ Do manual CLEAN with interactive=True
○ Is the source too big?
○ uv-plane not well sampled?
○ Need to add ACA 7-m array/TP observations?

● Compare simanalyze and tclean results



Tips — Observing Tool (OT)

● Use OT to check all configurations that you need to map well your source
○ Largest angular scale
○ Angular resulsolution
○ Mosaicking
○ Exploring time of the year

● Go back to simulation



Tips — When You Use ALMA Simulations

● Change parameters to learn/explore
○ Find anything? Let us know, CASA team receives feedback!

● Use simulation tools to see, for example,
○ What configuration is needed to cover your source when it is extended.
○ If ALMA is able to map/resolve complicated structures of your source

● Use OT to get technical numbers for you observations like observing time, 
angular resolution, etc.

○ Simulation tools are not to estimate them but to see effects/mapping ability of ALMA 
observations



Questions?

● E-mail Taiwan ARC Node
○ arc_at_asiaa.sinica.edu.tw

● File Help Desk Tickets
○ almascience.org > Help > Helpdesk

● Request a f2f meeting with an ARC staff
● Check/read guides from NRAO

○ casa.nrao.edu

https://almascience.org/
https://help.almascience.org
https://casa.nrao.edu

