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Resources

* NRAO synthesis imaging workshop

— see lecture by Nuria Marcelino

— http://www.aoc.nrao.edu/events/synthesis/2012/lectures/
ALMA_CASA_Simdata_v2.pdf

 CASA guide

— http://casaguides.nrao.edu/index.php?
title=Simulating_Observations_in_CASA 4.0
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CASA Refresher

. In casapy type
default simobserve
inp simobserve

# simobserve $: mosaic simulation task:
project = ‘sim' # root prefix for output file names
= " # model image to observe
complist = " # componentlist to observe
setpointings = True
integration = 108" # integration (sampling) time
direction = " #  "J2000 1ShOOm00 -40d00mO0" or "" to center on model
mapsize = [, '] # angular size of map or "" to cover model
maptype = "ALMA" # hexagonal, square, etc
pointingspacing = " # spacing in between pointings or "0,25PB" or "" for 0,5 PB
ohsmode - “int' # observation mode to simulate [int(interferometer)|sd{singledish)|""{none)]
antennalist = 'alma,outl0,cfg' # interferometer antenna position file
refdate = '2012/05/21" # date of observation - not critical unless concatting simulations
hourangle = 'transit' # hour angle of obszervation center e,g, -3:00:00, or "transit"
totaltime = 72005 # total time of observation or number of repetitions
caldirection = " # pt source calibrator [experimental]
calflux = 11y’
thermalnoise = 'Sopapilla’ # add thermal noise: [tsys-atmltsys-manuall""]
leakage = 0,0 # cross polarization (interferometer only)
graphics = 'both’ # display graphics at each stage to [screenl|filelbothlnone]
verbose = False
overurite = True # overwrite files starting with $project
async = False # If true the taskname must be started using simobserve(,..)




CASA Refresher
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simobserve ! mosa

inp shows parameter names

simulation task:
root prefix for output file names ° EXPandable parameter

componentlist

g X " to observe (currently NOT expanded)
= True
= '10s’ # integration (sampling) time
= . #  "J2000 19h00m00 -40d00m00" or "" to center on model
=00, '] # angular size of map or "" to cover model
= "ALMA’ # hexagonal, square, etc
" # spacing in between pointings or "0,25PB" or "" for 0,5 PB
"int' # observation mode to simulate [int(interferometer)|sd(singledish)}|""{none)]
Ima,outl0,cfq' # interferometer antenna position file
012/05/21" # date of observation - not critical unless concatting simulations
transit # hour angle of observation center e,g, -3:00:00, or "transit"
'7200s" # total time of observation or number of repetitions
" # pt source calibrator [experimental]
# add thermal noise: [tsys-atmltsys-manuall""]

# cross polarization (interferometer only)
display araphics at each stage to [screenl|filelbothlnone]

gerurite files starting with $project
rue the taskname must be started using simobserve(,..)

. Expandable parameter
(currently expanded)




CASA Refresher

 inp shows current value (change, e.g., by project = “myproj”)

# simobserve $:

aic simulation task:
project = 'sim’ # root prefix for output file names
skymodel = ' # model image to observe
complist = " # componentlist to observe
setpointings = True
integrationfll = '10s’ #integration (sampling) time
direction = . #0"J2000 19h00m00 -40d00m00" or "" to center on model
mapsize = [, '] #angular size of map or "" to cover model
maptype = "ALMA" # hexagonal, square, etc
pointingspafiihg = v # spacing in between pointings or "0,25PB" or "" for 0,5 PB
ohsmode = ‘int' #0 observation mode to simulate [int({interferometer)|sd{singledish)|""{none)]
antennalist = 'alma,outl0,cfq' #  interferometer antenna position file
refdate = '2012/05/21" # date of observation - not critical unless concatting simulations
hourangle = 'transit' # hour angle of observation center e,g, -3:00:00, or "transit"
totaltime = '7200s' # total time of observation or number of repetitions
caldirectio = " #0 pt source calibrator [experimental]
calflux =
thermalnoise = i dd thermal noise: [tsys-atmltsys-manuall""]
leakage = 0,0 ross polarization (interferometer only)
graphics = 'both’ display graphics at each stage to [screenl|filelbothlnone]
verbose = False
overurite = True erurite files starting with $project
async = False ue the taskname must be started using simobserve(,..)

*|nvalid Value




CASA Refresher

. inp shows brief description

# simobserve $: mosaic simulation task:
project = 'sim’ root prefix for output file names
skymodel = " model image to observe
complist = " componentlist to observe
setpointings = True
integration = "10s' # integration (sampling) time
direction = . #  "J2000 1Sh00m00 -40d00m00" or "" to center on model
mapsize = [, '] # angular size of map or "" to cover model
maptype = "ALMA" # hexagonal, square, etc
pointingspacing = v spacing in between pointings or "0,25PB" or "" for 0,5 PB
ohsmode = ‘int' # observation mode to simulate [int{interferometer)|sd{singledish)|""{none)]
antennal ist = 'alma,outl0,cfq' = # interferometer antenna position file
refdate = '2012/05/21" # date of observation - not critical unless concatting simulations
hourangle = 'transit' # hour angle of observation center e,g, -3:00:00, or "transit"
totaltime = '7200s' # total time of observation or number of repetitions
caldirection = " # pt source calibrator [experimental]
calflux = "1Jy'
thermalnoise = 'Sopapilla’ # add thermal noise: [tsys—atmltsys-manuall""]
leakage = 0,0 # cross polarization (interferometer only)
graphics = 'both’ # display graphics at each stage to [screenlfilelbothlnone]
verbose = False
overurite = True overurite files starting with $project
async = False : true the taskname must be started using simobserve(,,.)




CASA Refresher

simobserve :: mosaic simulation task:

= "myproj’

Change values by
project = “myproj”
inp

root prefix for output file names

complist = # componentlist to observe
setpointings = True
integration = "10s' # integration (sampling) time
direction = " # "J2000 1ShOOMO0 -40d00m00" or "" to center on model
mapsize = [, "] # angular size of map or "" to cover model
maptype = "ALMA’ # hexagonal, square, etc
pointingspacing = " # spacing in between pointings or "0,25PB" or "" for 0,5 PB
ohsmode = ‘int' # observation mode to simulate [int{interferometer)|sd(singledish)|""{none)]
antennalist = 'alma,outl0,cfq' # interferometer antenna position file
refdate = '2012/05/21" # date of observation - not critical unless concatting simulations
hourangle = 'transit' # hour angle of observation center e,g, -3:00:00, or "transit"
totaltime = '7200s" # total time of observation or number of repetitions
caldirection = " # pt source calibrator [experimental]
cal flux = "1y’
thermalnoise = " # add thermal noise: [tsys-atmltsys-manual|""]
leakage = 0,0 # cross polarization (interferometer only)
graphics = 'both’ # display graphics at each stage to [screenlfilelbothlnone]
verbose = False
overurite = True # overwrite files starting with $project
async = Falze # If true the taskname must be started using simobserve(,..)




CASA Refresher

« When all parameters are set, execute with “go simobserve”
o If you get stuck:

o Type “tasklist” to see all tasks

o Type “help taskname” to get help on taskname

o Type “default taskname” to set the default inputs

o Type “inp” to review the inputs of the current task

o Ask!




What Defines a Simulation?

° Model Sky

Distribution ® Telesgope
(Required) (Required)

. What does the sky e Number of Antennas,

really look like in your Conflguratlon,

field? Diameter
® Observation ° Corruption
(Required) . (Optional)

e Integration time, scan e Thermal noise, phase

length, pointing noise, polarization

centers leakage




simobserve

. Model sky distribution as FITS file or “component list”
s ° Model Sky

|# simobserve :: mosaic simulation task:

PrugEGL = s1m # root prefix for output file names Distribution
= " +« model image to observe .
complist = " ¥ compune...li~* ta observe (Req ul rEd)
andarms sad 2 svee —_— Temt 1
integration = "10s’ # integration (sampling) time
direction = " #  "J2000 19h00m00 -40d00m00" or "" to ceeter on What does the Sky
mapsize = [, "] # angular size of map or "" to cover model . )
maptype = "ALMA" # hexagonal, square, etc really look like in your
pointingspacing = " # spacing in between pointings or "0,25FE" or "" for 0.5 Pfﬁ 2
eld:
ohsmode = "int' # observation mode to simulate [int(interferometer)|sd(singledish)}|""{none)]
antennalist = 'alma,outl0,cfg' # interferometer antenna position file
refdate = '2012/05/21" # date of observation - not critical unless concatting simulations
hourangle = 'transit' # hour angle of observation center e,g, -3:00:00, or "transit"
totaltime = '7200s" # total time of observation or number of repetitions
caldirection = " # pt source calibrator [experimental]
calflux - "1y’
thermalnoise = 'Sopapilla’ # add thermal noise: [tsys-atmltsys-manuall""]
leakage = 0,0 # cross polarization (interferometer only)
graphics = 'both’ # display araphics at each stage to [screenl|filelbothlnone]
verbose = False
overurite = True # overwrite files starting with $project
async = False # If true the taskname must be started using simobserve(,..)




simobserve

# simobserve :: mosaic simulation task:

project

complist

setpointings
integration
direction
mapsize
maptype

pointingspacing

0 cwwmac
antennalist
raofdatao
hourangle
totaltime
caldirection
calflux

thermalnoise
leakage
graphics
verbose
overurite

async

Telescope via configuration file.

'sim'
LI ]

True
'10s"

[, ']
"ALMA

irie
‘alma,outl0,cfg’
19019 OGS

'transit’
72005

LI 1 I I

I1JHI

‘Sopapilla’
0,0
'both’
False
True
False

#* #

£ #* 3 I H

#* *

root prefix for output file names
model image to observe
componentlist to observe

integration (sampling) time

"J2000 1Sh00m00 -40d00m00" or "" to center on model
angular size of map or "" to cover model

hexagonal , square, etc

spacing in between pointings or "0,2@PE" or "" ForT(EEI%COpe

observation mode to simulate [int(interFerometer)IQEQQQGblLHE§ﬁ§j)“(n0ne)]
intarfarnmeter antenna position file
date of observatiun Tolianitical unless concatting simulations

hour angle of observation center e.0e -3:NMéqra@ftAntenn as,

total time of observation or number of repetiti

igns ~ . .
pt source calibrator [experimentall éfk)f]fig;[]filtl()r],
Diameters

add thermal noise: [tsys—atmltsys-mamusli®*]
cross polarization (interferometer only)
display araphics at each stage to [screenl|filelbothlnone]

overwrite files starting with $project
If true the taskname must be started using simobserve(,..)
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Antenna configuration files are at /Applications/CASA.app/Contents/data/alma/simmos/
(on my computer). They range from alma.out01.cfg to alma.out28.cfg, all with 50
antennas where 01 is the most compact and 28 the most extended.

0
10

10

beam FWHM (arcsec at 672 GHz)

10

0 5 10 15 20 25 30

configuration number



simobserve

. Observations defined via setpointings and obsmode

# simobserve :: mosaic simulation task:

project 'sim' # root prefix for output file names
skymodel model image to observe

Coml componentlist to observe
setpointings

Inn
3*

*

= True
integration = '10s" # integration (sampling) time
direction = " #  "J2000 19h00OMO0 -40d00m00" or "" to center on model
mapsize = [, "] # angular size of map or "" to cover model
maptype = "ALMA" # hexagonal, square, etc
pointingspacing = " # spacing in between pointings or "0,25PB" or "" for 0,5 PB

ohsmode = "int' observation mode to simulate [int{interferometer)|sd{singledish)|""{none)]
antennalist = 'alma,outl0,cfg’ erferometer antenna position file
refdate = '2012/05/21" ehaf observation - not critical unless concatting simulations
hourangle = 'transit' e of observation center e,g, -3:00:00, or "transit"
totaltime = '7200s" observation or number of repetitions
caldirection = " brator [experimental]
calflux = 11y’ .
e | = : Observation =
no1se = -atm|tsys-manual | " " .
leakage = 0,0 # cross polarization (interfgrometer only) (ReqUH’Ed)
graphics = 'both’ # display graphics at each stade [screenlfilelbothlnone]
verbose = False
overurite = True # overurite files starting with $projeet |nte9rat'0 time. scan
async = False # If true the taskname must be started using sigo serveﬁi.rg . J
length;, pointing

centers <//




simobserve

. Corruption with thermalnoise & toolkit

- e

# simobserve :: mosaic simulation task:

project = 'sim' # root prefix for output file names
= " # model image to observe
complist = " # componentlist to observe
setpointings = True
integration = 108" # integration (sampling) time
direction = " #  "J2000 19h00m00 -40d00m00" or "" to center on model
mapsize = [, "] # angular size of map or "" to cover model
maptype = "ALMA" # hexagonal, square, etc
pointingspacing = " # spacing in between pointings or "0,25PB" or "" for 0,5 PB
ohsmode = "int' # observation mode to simulate [int(interferometer)|sd(singledish)}|""{none)]
antennalist = 'alma,outl0,cfq' # interferometer antenna position file
refdate = '2012/05/21" # date of observation - not critical unless concatting simulations
hourangle = 'transit' # hour angle of observation center e,g, -3:00:00, or "transit"
totaltime = '7200s" # total time of observation or number of repetitions
caldirection = " # pt source calibrator [experimental]
calflux = "1y’ .
thernal Sopapill dd h 1 [ I ® 11""] Corruptlon
noise = "Sopapilla’ #  add thermal noise: [tsys-atmltsys-manua .
leakage = ass polarization (interferometer o®ly) (Optlonal)
i = - ach stage to [screenlfilelbothlnone]
overurite = True # overwrite files starting with $projeet The ma n0|se phase
async = False # If true the taskname must be started using simobservel, ..

noise, polarlzatlon
leakage




Basic Simulation Workflow
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simanalyze

. Image and analyze simobserve output

CASA <8>: inp simanalyze
-------- > inp(simanalyze)
# simanalyze :: image and analyze simulated datasets

project = ‘sim' # root prefix for output file names
image = True # (re)image $project.*.ms to $project,image
vis = ‘'default’ # Measurement Set(s) to image
model image = " # prior image to use in clean e,g, existing single dish image
imsize = 0 # output image size in pixels (x,y) or 0 to match model
imdirection = " # set output image direction, (otherwise center on the model)
cell = " # cell size with units or "" to equal model
niter = 500 # maximum number of iterations (0 for dirty image)
threshold = 0, AmJy" # flux level (+units) to stop cleaning
weighting = 'natural’ # weighting to apply to visibilities
mask = [] # Cleanbox(es), mask image(s), regionis), or a level
outertaper = [] # wuv-taper on outer baselines in uv-plane
stokes = ‘T # Stokes params to image
analyze = False # f(only first 6 selected outputs will be displayed)
graphics = 'both’ # display graphics at each stage to [screenlfilelbothlnone]
verbose = False
overwrite = True # overwrite files starting with $project
async = False # If true the taskname must be started using simanalyze(,..)




image

| ol UJUUV

Grid, invert, and CLEAN the simulated data set.

MEE W
True

L ol B B WAV Y 1AL AN

image B # (re)image $project.*.ms to $project,image
vis = 'default’ # Measurement Set(s) to image
modelimage = " # prior image to use in clean e,q, existing single dish image
imsize = 0 # output image size in pixels (x,y) or 0 to match model
imdirection = " # set output image direction, (otherwise center on the model)
cell = " # cell size with units or "" to equal model
hiter = 500 # maximum number of iterations (0 for dirty image)
threshold = '0,1mJy’ # flux level (+units) to stop cleaning
weighting = 'natural’ # weighting to apply to visibilities
mask = [] # Cleanbox(es), mask image(s), region(s), or a level
outertaper = [] # uv-taper on outer baselines in uv-plane
stokes = ‘T # Stokes params to image

. Similar but reduced options compared to CLEAN.

DEFAULTS ARE “SMART”, INFORMED BY THE MODEL.

 You can also image the simulated observations with CLEAN.
THEY ARE A NORMAL CASA MEASUREMENT SET FOR ALL PURPOSES




analyze

. Create diagnostic plots based on simobserve and image
analyze = True # (only first 6 selected outputs will be displayed)

showuy = True # display uv coverage

showpsf = True # display synthesized (dirty) beam (ignored in single dish simulation)
showmode] = True # display sky model at original resolution

showconvolved = False # display sky model convolved with output beam

showclean = True # display the synthesized image

showresidual = False # display the clean residual image (ignored in single dish simulation)
showdifference = True # display difference image

showfidelity = True # display fidelity

r DR N Y e P "

. Pick up to 6 of these.
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Example: protoplanetary disk

http://casaguides.nrao.edu/index.php?title=Protoplanetary_Disk_Simulation_(CASA_4.0)

Fie Edt View Frame Zoom Scale Coke Magion WCS Analyis

2\ SADimage ds9

PPARKST2 G S0pC.Mits

Hydrodynamical simulation of a
Jupiter mass planet around a low
mass star (Wolf & D’Angelo 2005).

What would this look like if it was
at 50pc (TW Hya), and observed
with 50 ALMA antennas at their
highest operating frequency and
longest baselines!

Try simulate.py (emailed to you)
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The eyechart test

sim1.alma.out15.skymodel.flat
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J2000 Declination

J2000 Declination

sim05.alma.out05.image
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Kids-b-gone
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Kids-b-gone

Q0°.2 }0°.0

Homework! - send me your own simulation with a favorite image (astronomical or not)



