Using CASA to Simulate
Interferometer Observations
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Simulating Interferometer Data

» Take a model image and simulate how it would look if observed by
ALMA or the EVLA.
o Other arrays (e.g., SMA, CARMA, etc.) also included

» Explore the effects of:
o Number of antennas
o Antenna configuration
o Length of observation
o Thermal noise
o Phase noise

* Functionality included in CASA via tasks simobserve and
simanalyze (nee simdata).

* CASAguides includes several walkthroughs:
http://casagquides.nrao.edu/index.php?title=Simulating Observations in CASA



http://casaguides.nrao.edu/index.php?title=Simulating_Observations_in_CASA

Basic Simulation Workflow
In CASA... L Model Sky Distribution }

(FITS, image, components)

R

g

Simulated Measurement Set
(calibrated u-v data)

g

simanalyze

-

Simulated Image
& Analysis Plots Comparing
“Observed’/original image




Simulation Tasks

* simobserve Simulates interferometric (and single dish)observations

of a source.

* simanalyze Imagas

Visualization Simulation

Single dizh

es these simulations.

Utility

clearplot zimanalyze
imiew zimdata
msview zimobserve
plotants
plotcal
plotms
plotuy
plotxy
viewer
(plotweather )

“tasklist” output

azap_init
zdbazeline
sdcal
sdcoadd
zdfit

=df lag

=df 1 agmanager
=dgrid
adimaging
sdimprocess
zdlist
sdmath
zdplot
sdreduce
sdzave
zdzcale
zdzmooth
zdztat
sdtpimaging

browzetable
caltaboconvert
clearplot
clearstat
concat
conjugatevis
find

help par.parameter
help taskname
imview

msyiew

plotms
rmtables
startup
tazkhelp
tazklist
testconcat
toolhelp




simobserve

* simulates interferometer observations of a source.

# =zimobzerve :f mozaic simulation task:
praoject = ‘sim' # root prefix for output file names
skumode] = " # model image to observe
complist = " # componentlizt to observe
setpointings = True
integration = 10z # integration (sampling) time
direction = " # " I2000 19h00m00 -40d00m00" or " to center on model
mapsize = [, ] # angular zize of map or " to cover model
maptype = "ALHA" # hexagonal, square,. etc
pointingzpacing = " # spacing in between pointings or "0,25PB" or "" for 0,5 PB
ohemmde = "int' # obzervation mode to simulate [int{interferometer)lsd{singledish)""(none)]
antennal ist = 'alma,outld,cfg' #  interferometer antenna position file
refdate = 'M1ZA05S2L # date of observation - not critical unless concatting simulations
hourangle = 'transit' # hour angle of obzervation center e,g, —3:00:00, or "transit"
totaltime = YA # total time of obzervation or number of repetitions
caldirection = " # pt source calibrator [experimental]
cal flux = 11y
thermalnoize = "Sopapilla’ # add thermal noise: [tsys—atmltsys-manual "]
leakage = 0,0 # cross polarization {interferometer only)
graphics = "both’ # display graphics at each stage to [screen|filelbothlnone]
verboze = False
overurite = True # overwrite files starting with $project
AsYNC = False # IF true the taskname must be started using simobserve(,,,)

“inp simobserve” output




CASA Refresher

* In casapy type
default simobserve
1np simobserve

project

complist

setpointings
integration
direction
mapsize
maptype

ohsmode
antennal ist
refdate
hourangle
totaltime
caldirection
calflux

thermalnoise
leakage
graphics
werboze
overurite

azync

pointingspacing

# szimobzerwe *: mozaic simulation task:

'zim'
1

True
"10="

[, ']
"ALMA

"int'
"alma,outld, cfg’
01 RS AL

'transit’
Tz

I1J’HI

‘Sopapilla’
0,0
"bath’
Falze
True
Falze

H#* 3k 3

E E e

£

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

integration (sampling) time

"I2000 13h00m00 —40d00m00" or " to center on model
angular zize of map or "" to cover model

hexagonal , sguare, etc

gpacing in between pointings or "0,25PE" or "" for 0.5 PB

observation mode to simulate [int{interferometer)|sd{singledish}|""{none)]
interferometer antenna pozition file

date of obzerwvation - not critical unless concatting zimulations

hour angle of obserwvation center e,g, -3:00:00, or “transit”

total time of obserwation or number of repetitions

pt zource calibrator [experimental]

add thermal noise: [tasys-atmltsys-manuall""]
cross polarization [ interferometer anly)
dizplay graphics at each stage to [screenl|filelbothlnone]

overwrite files starting with $project
If true the taskname must be started using simobservef(,.,)




CASA Refresher

* inp sShows parameter names

=1
proje

mobserye *r mosd
ct

integration
direction
mapzize

maptype
pointingzpacing

ohemode

thermalnoisze

leaka
graph
werba
anEr
aEYNC

antennal i1
refdate
hourangle
totaltime
caldirection
calflux

g
ics
e
rite

zimulation task:
"sim'

"int!
1 Ima,outld, ofg!
0120521

H# 3 3 H H

H#* 3 3 HF H I

root prefix for output file names EXPandable Parameter
(currently NOT expanded)

w L= | _TL ] w

componentlist to obzerwe

integration (zampling) time

“I2000 19h00m00 —40d00m00" o " to center on model
angular zize of map or "" to cover model

hexagonal , sguare, etc

gpacing in between pointings or "0,26PBE" or "" for 0,5 PB

obzervation mode to simulate [int{interferometer)|zdizingledish)|""(none)]
interferoneter antenna position file

date of obzervation - not critical unless concatting simulations

hour angle of obserwation center e,g, —3:00:00, or "transit"”

total time of obserwation or number of repetitions

pt source calibrator [experimental ]

add thermal noise: [tsys—atmltsys-manual""]
cross polarization |interferometer only)
display graphics at each stage to [screen|filelbothlnone]

yoerurite files starting with $project
rue the taskname must be started using simobserwe(,,,)

Expandable parameter
(currently expanded)




CASA Refresher

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

# =zimobzerve it Azaic zimulation task:
praoject = ‘sim' oot prefix for output file names
skumode] = " odel image to observe
complist = " omponentlizt to obserwe
setpointings = True
integration = 10z integration (sampling) time
direction = " " I2000 19h00m00 —40d00m00" o " to center on model
mapsize = [, ] angular zize of map or "" to cover model
maptype = "ALHA" exagonal , square, etc
pointingzpal = " zpacing in between pointings or “0,Z29PB" or "" for 0.5 PR
ohemmde = "int' obzervation mode to simulate [int{interferometer)|sdisingledish)|""(none)]
antennal ist = 'alma,outld,cfg’ interferoneter antenna position file
refdate = 'M1ZA05S2L date of observation - not critical unless concatting simulations
hourangle = 'transit' our angle of observation center e,g, -3:00:00, or "transit"
totaltime = YA otal time of observation or number of repetitions
caldirectio = " ot zource calibrator [experimental ]
cal flux = 11y
thermalnoize = "Sopapilla add thermal noize: [tsys-—atmltsys-manual [""]
leakage = 0,0 ross polarization |interferometer only)
graphics = dizplay graphics at each stage to [screenlfilelbothlnone]
verboze =
overurite = erurite files starting with $project
AsYNC = ue the taskname must be started using simobserwe(,,,)
* Invalid Value




CASA Refresher

* inp shows brief description

# =zimobzerve :f mozaic simulation task:
praoject = ‘sim' root prefix for output file names
skumode] = " model image to obzerwve
complist = " componentlist to obzerwe
setpointings = True
integration = 10z # integration (sampling) time
direction = " “I2000 19h00m00 —40d00m00" o " to center on model
mapsize = [, ] # angular zize of map or " to cover model
maptype = "ALHA" hexagonal , sguare, etc
pointingzpacing = " gpacing in between pointings or "0,26PBE" or "" for 0,5 PB
ohemmde = "int' # obzervation mode to simulate [int{interferometer)lsd{singledish)""(none)]
antennal ist = 'alma,outld,cfg' B  interferometer antenna position file
refdate = 'M1ZA05S2L # date of observation - not critical unless concatting simulations
hourangle = 'transit' #  hour angle of observation center e,g, —3:00:00, or "transit"
totaltime = YA # total time of observation or number of repetitions
caldirection = " pt source calibrator [experimental ]
cal flux = 11y
thermalnoize = "Sopapilla’ add thermal noise: [tsys—atmltsys-manual""]
leakage = 0,0 # cross polarization {interferometer only)
graphics = "both’ # display graphics at each stage to [screenlfilelbothlnone]
verboze = False
overurite = True averwrite files starting with $project
AsYNC = False ; true the taskname must be started using simobserve(,,.)




CASA Refresher

» Change values by

project = “myproj”
inp
zimobzerve :: mozaic simulation task:
= ‘myproj’ # root prefix for output file names
complist = o # componentlist to observe
setpointings = True
integration = "10=' # integration (sampling) time
direction = " #2000 19R00m00 —40400m00" ar "" to center on model
mapsize = [, ] # angular zize of map or "" to cowver model
maptype = "ALMA’ # hexagonal, square, etc
pointingzpacing = v # =zpacing in between pointings or "0.25PB" or "' for 0.5 PB
oh=mode — "int' # obzervation mode to szimulate [intiinterferometer)|sd({zingledish)!""inone)]
antennalist = 'alma,outld,cfg’ # interferometer antenna pozition file
refdate = 'E012A05S2! # date of obszervation - not critical unless concatting simulations
hiourangle = 'tranzit’ # hour angle of obzervation center e,g, —3:00:00, or “transit"
totaltime = Tz # total time of obzervation or rnumber of repetitions
caldirection = v # pt source calibrator [experimental]
cal flux = "1y’
thermalnoisze = " # add thermal noize: [tsys—atmltsys-manuall""]
leakage = 0,0 # cross polarization {[interferometer only)
graphics = ‘bath’ # display graphics at each stage to [screenlfilelbothinone]
werboze = Falze
overurite = True # overwrite files starting with $project
3N = Falze # If true the taskname must be started using simobserve(,..)




CASA Refresher

* When all parameters are set, execute with “go simobserve”
* 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!




Basic Simulation Workflow
In CASA... L Model Sky Distribution }

(FITS, image, components)

T

g

Simulated Measurement Set
(calibrated u-v data)

g

simanalyze

-

Simulated Image
& Analysis Plots Comparing
“Observed’/original image




What Defines a Simulation?

Model Sky Distribution Telescope
(Required) (Required)
What does the sky really Number of Antennas,
look like in your field? Configuration, Diameter
- . N .
Observation Corruption
(Required) (Optional)
Integration time, scan Thermal noise, phase
length, pointing centers noise, polarization leakage

A 4




simobserve

* Model sky distribution as FITS file or “component list”

|# zimobserve *! mozaic simulation task:

SEUL R = =1 # root prefix for output file names Model Sky Distribution

skumode] = " « model image to obserwe .

complist = " tCompune.s ot ta ohserye (FQEE(][JleE(j)

ot s sl 3 s — T
integration = 10z # integration (sampling) time
direction = " #  "I2000 19R00m00 -40d400m00" or "" to centWh‘a@@beS the Sky rea”y
mapsize = [ ] # angular zize of map or "" to cower model ) i .
naptype = CALMA' % hexagonal, square, etc look like in your field?
pointingzpacing = " # spacing in between pointings or "0,25FE" or " for 0.5 FE

ohemmde = "int' # obzervation mode to simulate [int{interferometer)lsd{singledish)""(none)]
antennal ist = 'alma,outld,cfg' #  interferometer antenna position file
refdate = 'M1ZA05S2L # date of observation - not critical unless concatting simulations
hourangle = 'transit' # hour angle of obzervation center e,g, —3:00:00, or "transit"
totaltime = YA # total time of obzervation or number of repetitions
caldirection = " # pt source calibrator [experimental]
cal flux = 11y

thermalnoize = "Sopapilla’ # add thermal noise: [tsys—atmltsys-manual "]

leakage = 0,0 # cross polarization {interferometer only)

graphics = "both’ # display graphics at each stage to [screen|filelbothlnone]

verboze = False

overurite = True # overwrite files starting with $project

AsYNC = False # IF true the taskname must be started using simobserve(,,,)




simobserve

 Telescope via configuration file.

# =zimobzerve *! mosaic simulation task:

proje

- e

ct

skumode]

comp1

ist

setpointings

integration
direction
mapzize
maptype

pointingzpacing =

dm

antennal ist
o = o
hourangle
totaltime
caldirection
calflux

thermalnoisze

leaka
graph
werba
anEr

EYNC

g
ics
e
rite

"sim'
i

True
"10s"
[Il.r ||]
"ALMA’

1TTe

"transit'
"A00s"

IlJHI

0,0
"biath’
False
True
False

"alma,outld, cfg’
' G A

"Sopapilla’

H# 3 3

E S H# 3 3 H H

H#* 3k 3

root prefix for output file names
model image to obzerwve
componentlist to obzerwe

integration (zampling) time

“I2000 19h00m00 —40d00m00" o " to center on model

angular zize of map or "" to cover model

hexagonal , sguare, etc

gpacing in between pointings or TOLZEPE" or "M £ ?
felescope

nbzervation mode to simulate [1n1{1nterFernmetEP( 7}I""{nnne}]

fetarfarnmeter antenna p031t10n file F?%éiiﬂﬁ%%ﬂti

date of obzervatiun iticg]l unless cuncattlng zimulations

hour angle of observation center e,g, —3:00:00, o “transit”

total time of observation or number of rwmﬂer of Antennas
pt source calibrator [experimental ]
Configuration, Diameters

add thermal noise: [tsys—atmltsys-marual ]
cross polarization |interferometer only)
display graphics at each stage to [screen|filelbothlnone]

[ L

averwrite files starting with $project
If true the taskname must be started using simobserve(,,,)




simobserve

* Observations defined via setpointings and obsmode

# =zimobzerve *! mosaic simulation task:

praoject = ‘sim' # root prefix for output file names
skumode] = " # model image to observe
; # componentlizt to observe

.
setpointings

= True
integration = 10z # integration (sampling) time
direction = " # " I2000 19h00m00 -40d00m00" or " to center on model
mapsize = [, ] # angular zize of map or " to cover model
maptype = "ALHA" # hexagonal, square,. etc
pointingzpacing = " # spacing in between pointings or "0,25PB" or "" for 0.5 PB

ohemmde "int' bbzervation mode to simulate [int{interferometer)|sdisingledish)|""(none)]

antennal ist = 'alma,outld,cfg’ erferometer antenna pozition file
refdate = 'M1ZA05S2L enaf obzervation - not critical unless concatting simulations
hourangle = 'transit' ryle of obzervation center e,g, —3:00:00, or "transit"
totaltime = YA imcgf obserwation or number of repetitions
caldirection = ' b-ator [experimental ]
cal flux = 11y ‘\\\
thermalnoize = = # add thermal noise: [tS®g—atmltsys-manual "] Observation
leakage = 0,0 # cross polarization {interWgrometer only) ;
graphics = "both’ # dizplay graphics at each =tabg [SCPEEH|FilE|thRF%S}LhIrEBCj)
verboze = False
overurite = True # overwrite files starting with $project :
aEYNC = Falze # If true the taskname must be started USihm@‘glp‘altp@\h,,ﬂme, scan
length, pointing centers

€ 4




simobserve

« Corruption with thermalnoise & toolkit

# =imobzerve i mozaic simulation task:

praoject = ‘sim' #

skumode] = " #

complist = " #

setpointings = True
integration = "10s' #
direction = " #
mapsize = [, ] #
maptype = "ALHA" #
pointingzpacing = " #

ohemdle = "int' #
antennal ist = 'alma,outld, cfg’  #
refdate = 20124065421 #
hourangle = 'transit' #
totaltime = YA #
caldirection = " #
cal flux = 11y

thermalnoize = "Sopapilla’

leakage =

graphics =

overurite = True #

AsYNC = False #

root prefix for output file names
model image to obzerwve
componentlist to obzerwe

integration (zampling) time

“I2000 19h00m00 —40d00m00" o " to center on model
angular zize of map or "" to cover model

hexagonal , sguare, etc

gpacing in between pointings or "0,26PBE" or "" for 0,5 PB

obzervation mode to simulate [int{interferometer)|zdizingledish)|""(none)]
interferoneter antenna position file

date of obzervation - not critical unless concatting simulations

hour angle of obserwation center e,g, —3:00:00, or "transit"”

total time of obserwation or number of repetitions

pt source calibrator [experimental ]

add thermal noise: Etsus—atmltsuﬂ—manua%I""] (:()I‘fl][)tl()f]
pol arization {interferometer only ;
] j =ach stage to [SEPEEH|FiIE|h&QRIIQnaI)

averwrite files starting with $project

If true the taskname nust be started wsifEhermal=noise, phase
noise, polarization leakage




simobserve

* Model sky distribution as FITS file or “component list”

|# zimobserve *! mozaic simulation task:

SEUL R = =1 # root prefix for output file names Model Sky Distribution

skumode] = " « model image to obserwe .

complist = " tCompune.s ot ta ohserye (FQEE(][JleE(j)

ot s sl 3 s — T
integration = 10z # integration (sampling) time
direction = " #  "I2000 19R00m00 -40d400m00" or "" to centWh‘a@@beS the Sky rea”y
mapsize = [ ] # angular zize of map or "" to cower model ) i .
naptype = CALMA' % hexagonal, square, etc look like in your field?
pointingzpacing = " # spacing in between pointings or "0,25FE" or " for 0.5 FE

ohemmde = "int' # obzervation mode to simulate [int{interferometer)lsd{singledish)""(none)]
antennal ist = 'alma,outld,cfg' #  interferometer antenna position file
refdate = 'M1ZA05S2L # date of observation - not critical unless concatting simulations
hourangle = 'transit' # hour angle of obzervation center e,g, —3:00:00, or "transit"
totaltime = YA # total time of obzervation or number of repetitions
caldirection = " # pt source calibrator [experimental]
cal flux = 11y

thermalnoize = "Sopapilla’ # add thermal noise: [tsys—atmltsys-manual "]

leakage = 0,0 # cross polarization {interferometer only)

graphics = "both’ # display graphics at each stage to [screen|filelbothlnone]

verboze = False

overurite = True # overwrite files starting with $project

AsYNC = False # IF true the taskname must be started using simobserve(,,,)




Input Sky Model

* Model sky distribution as FITS file. simobserve needs:

o Coordinates

o Brightness units

o Pixel scale (angular and spectral)
o Polarization*

* These may be specified in your FITS header or supplied/over-written by
simobserve.

model image to obserwe

zcale surtace brightness of brightest pixel e,q, "1.2Jy/pixel”

zet pew direction e,g, "J2000 19h0O0m00 —40d00mo0"

zet new cellfpixel size e,g, "0.larcsec”

zet new frequency of center channel e.q. "B3GHz" (required even for 20 model)
zet new channel width e,g, "10MHz" (required even for 20 model)

skymode]
inbright
indirection
incell

incenter
inwidth

H o 3 H HH

# componentlizt to obzerwe




Input Sky Model

« Alternatively, supply a Gaussian “component list.” Example at:

http://casaguides.nrao.edu/index.php?titlie=Simulation Guide Component Lists (CASA 3.3)

skuymode] = "S-, Fits" # model image to obzerwe
inbright = " # =zcale surface brightness of brightest pixel e,q, "1.2Jy/pixel”
indirection = " # =et new direction e,qg, "J2000 19hO0m00 —40d00m00"
incell = " # =zet new cell/pixel zize e,q, "0,larczec”
incenter = " # =zet new frequency of center channel e,g, "89GHz" (required even for 20 model)
inwidth = " # zet new channel width .9, "10MHz" (required even for 20 model)
" # componentlist to obzerwe

Simulation Guide Component Lists (CASA 3.3)

.| Simulating Observations in CASA
This guide is applicable to CASA version 3.3.

To create a script of the Python code on this page see Extracting scripts from these tutorials.

Contents [hide]
1 Explanation of the guide
2 Getting Started
3 CASA Basics
4 Making a Simple FITS Image
5 Simulating Observations with a FITS Image and a Component List
6 Simulating Observations with Just a Component List

Cunlamnatinm Af Hha Aoida



http://casaguides.nrao.edu/index.php?title=Simulation_Guide_Component_Lists_(CASA_3.3

Simple Example

« Simulate observing 1mm dust continuum in a 30-Doradus (LMC)-like
region at the distance of M31/M33 (800 kpc).

» We have a near-IR image of 30 Doradus, will need to:

o Scale the brightness and observing frequency

Our Model

o Adjust the pixel scale 0z
(move it from 50-800 kpc) 03

a4'
Qs

o Set a new position

age'

J2000 Declination

a7

o Define the observations
INTEGRATION TIME, TELESCOPE, ETC. o8

Bl 30 Doradus in the LMC
ol 8 Um (credit: SAGE collaboration)

* 05"39M24° 00° 38M36° 12°  00°

\r J2000 Right Ascension
: ; ; . Tl




Simple Example

model image to observe

zcale surface brightness of brightest pixel e,g, "1.2Jy/pixel”

zet new direction e,g, “J2000 19h00m0O0 —40d00m00"

zet new celldpixel size e,g, "0.larcsec”

set new frequency of center channel e,q, "B9GHz" (required even for 20 model)
set. new channel width e,g, "10MHz" (required even for 20 model)

skuymode]
inbright
indirection
incell

incenter
inwidth

H# A 3 H H A

# componentlizt to obzerwve

* inbright = “0.emJy/pixel”
REQUIRES SPECTRAL MODEL/OTHER KNOWLEDGE TO ESTIMATE (SCIENCE!)

* Indirection = “J2000 10h00mO00s -40d00mMO0s”

e incell="“0.15arcsec”
NATIVE CELL SIZE = 2.3”, MOVING FROM 50 KPC[1800 KPC SCALE BY 50/800

e incenter="230GHZ", inwidth="2GHZ"
NEED TO SUPPLY OBSERVING FREQUENCY & BANDWIDTH (HERE 1MM DUST
CONTINUUM)




Simple Example

skymodel
inbright
indirection
incell
incenter
inwidth

' 30dor Fits® # model imafe to obzerve
0, EmJypixel # =zcale szurface brightneszs of brightest pixel e.q, "1,2Jyfpixel"
LIE000 10k0oomo0s —40d400n00=" #8 set new direction e,g, "J2000 19R00m00 —40d00m00"
‘01, 1barcsec’ # =et new cflllipixel zize e.g, "0,larcsec”
"230GHE! # zet new fllequency of center channel e,g, "S9GHz" (required even for 20 model)
"2G6Hz # szet new ghannel width e,g, "10MHz" (required even for 20 model)

* inbright = “0.emJy/pixel”
REQUIRES SPECTRAL MODEL/OTHER KNOWLEDGE TO ESTIMATE (SCIENCE!)

* Indirection = “J2000 10h00mO00s -40d00mMO0s”

e incell="“0.15arcsec”
NATIVE CELL SIZE = 2.3”, MOVING FROM 50 KPC[1800 KPC SCALE BY 50/800

e incenter="230GHZ", inwidth="2GHZ"
NEED TO SUPPLY OBSERVING FREQUENCY & BANDWIDTH (HERE 1MM DUST
CONTINUUM)




simobserve

 Telescope via configuration file. Telescope
(Required)

# =zimobzerve :f mozaic simulation task:
praoject = ‘sim' # root prefix for output file nades
skumode] = " # model image to observe
complizt = " # componentlist to obzerye Nur_nber Of Ante_nnas’
setpointings = True Configuration, Diameter
integration = 10z # integration (sampldng) time
direction = " # " I2000 19h00m0ef=40d00m00" or "M totoenkarton modal
mapsize = [, ] # angular zizefof map or " to cover model
maptype = "ALHA" # hexagona!l, zquare, etc
pointingzpacing = " # spacisyg in between pointings or "0,25PB" or "" for 0,5 PB
O e - LI ¥ dibzervation mode to simulate [int{interferometer)lsd{singledish)""(none)]
antennal ist = 'alma,outld,cfg' % interferometer antenna position file
eadolots = AN A # date of observation - not critical unless concatting simulations
hourangle = 'transit' # hour angle of obzervation center e,g, —3:00:00, or "transit"
totaltime = YA # total time of obzervation or number of repetitions
caldirection = " # pt source calibrator [experimental]
cal flux = 11y
thermalnoize = "Sopapilla’ # add thermal noise: [tsys—atmltsys-manual "]
leakage = 0,0 # cross polarization {interferometer only)
graphics = "both’ # display graphics at each stage to [screen|filelbothlnone]
verboze = False
overurite = True # overwrite files starting with $project
AsYNC = False # IF true the taskname must be started using simobserve(,,,)




Configuration Files

 Define telescope array for simobserve.

Config Files in CASA Already
ALMA, EVLA, CARMA, SMA, etc.

aca_cyclel,cfg alma_cyclel_1.cfg  alma,outtl,cfy  alma,out(?,cfg  alma,outl3,cfy  alma,outld,cfg  alma,out?S,cfg  carma,c,cfg  pdbi-c,cfg ama,vextended,cfg  wla,d,cfg
aca.i.cfg alma_cyclel_2,.cfg  alma,out02.cfg  alma,out08,cfg  alma,outld,cfy alma,out20.cfg  alma,out2B,cfg  carma.d.cfg pdbi-d.cfg wla,a,cfg vla,dnc,cfg
aca,nz,cfg alma_cyclel_3.cfg  alma,out03,cfg  alma,out0d,cfg  alma,outlb,cfy alma,outZl,cfg alma,out??,cfg carma,e,cfg sma,compact,cfg wla,b,cfg WSRT,cfg
aca,tp,cfg alma_oyclel_4,.cfg  alma,outtd,ofg  alma,outll,cfg  alma,outlE,cfg  alma,out22,ofg  alma,out2d,cfg meerkat,cfg  sma,compact,n,cfg wla,bna,cfg

alma,cycled,compact,cfg  alma_cyclel S.cfg  alma,out0S,cfg  alma,outll,cfg  alma,outl?,.cfg  alma,out23,cfg carma,a,cfg pdbi-a,cfg  =ma,extended.cfg vla,c,cfg
alma,cycled, extended, cf g alma_cyclel E.cfg  alma,outiB,cfy  alma,outlZ,cfg  alma,outl,cfy  alma,out24,ofg carma,b,ofg pdbi-b,cfy  =ma,subcompact,cfg  wla,cnb,cfg

Example Config File:ALMA Cycle | ACA

# obzerwvatory=ACAH

# coordsys=LOC (local tangent plane)

# ACA-9-02

# x y z diam pad#

-47,99531371 -bE4 , 8h8ha51 -2, 318302577 7, Janl

-6h, 953805 -bEE, 8204063 -2, 32172111 7, JhoR

-43, 34480314 574, 4307151 -2,325168123 ¥, JRO3

# -30,89239576 BRI, B20EYRE -2,.318648465 7, Jhod

-Eh, 21846157 =GR, 70149432 -2, 320087342 7, Jhoh

-G53, 03702802 =574, 716659 -2, 320817857 7, Jh0G

-36.,9451 261 =GE0, O09ea01 -2,312799631 7, JaO¥

-43,2177138 -0hG, a091122 -2, 314489362 A 0

# -53,07695154 -hHhb, 2343694 -2,318h42758 ¥, Jho9

# -0O, 44032062 -5EE, 1862973 -2, 322046322 ¥, Jh10

=G0, 54R5257 3 =037, 233007 -2, 319360815 7, Jh11

-4, B3E2I06T =077 980051 -2,318422048 7, J4512
- x y z diameter name




Configuration Files

* Pick an intermediate-extent full-ALMA configuration

aca_cyclel,cfg

aca.i.cfg

aca,nz,cfg

aca,tp,cfg

alma,cycled, compact.,cfg
alma,cycled, extended, cfg

alma_cyclel_1,cfg
alma_cyclel_Z.cfg
alma_cyclel_3.cfyg
alma_oyclel_4,.cfq
alma_cyclel _B.cfyg
alma_oyclel _B.cfg

alma,out0l,cfg  alma,out0?,cfg  alma,outld,cfg
alma,out02,cfg  alma,outd8,cfg  alma.outld,.cfg

alma,outn3, of
alma,out0d, of

alma,outl,cfg
i it

alma,outlh,cfg
Ima,outlE, cfg

alma,out0s, of §

alma,outlB, of g almaIDutiZ:cF;

alma,outly,cfg
alma,outl8, cfg

alma,outls, ofg
alma,out20,cfg
alma,out?l,cfg
alma,outzZ?, ofg
alma,out23,cfg
alma,outzd, ofg

alma,out?s, of g
alma,out2E,cfg
alma,out2?,cfg
alma,out28, of g
carma,a,cfg
carma,b,cfy

carma,c,cfg
carma,d,cfg
carma,e,cfg
meerkat, cfg
pdbi-a,cfg
pdbi-b,cfg

pdbi-c,cfg
pdbi-d.cfg

=ma, compact., cfg
ama, compact ,n,ofg
zma, extended, cfg
=ma, subcompact  ofg

ama,vextended,cfg  wla,d,cfg
wla,a,cfg vla,dnc,cfg
wla,b,cfg WSRT,cfg
vla,bna,cfg

vla,c,cfg

vla,cnb,cfg




simobserve

* Observations defined via setpointings and obsmode

# =zimobzerve *! mosaic simulation task:

praoject = ‘sim' # root prefix for output file names
skumode] = " # model image to observe
; # componentlizt to observe

.
setpointings

= True
integration = 10z # integration (sampling) time
direction = " # " I2000 19h00m00 -40d00m00" or " to center on model
mapsize = [, ] # angular zize of map or " to cover model
maptype = "ALHA" # hexagonal, square,. etc
pointingzpacing = " # spacing in between pointings or "0,25PB" or "" for 0.5 PB

ohemmde "int' bbzervation mode to simulate [int{interferometer)|sdisingledish)|""(none)]

antennal ist = 'alma,outld,cfg’ erferometer antenna pozition file
refdate = 'M1ZA05S2L enaf obzervation - not critical unless concatting simulations
hourangle = 'transit' ryle of obzervation center e,g, —3:00:00, or "transit"
totaltime = YA imcgf obserwation or number of repetitions
caldirection = ' b-ator [experimental ]
cal flux = 11y ‘\\\
thermalnoize = = # add thermal noise: [tS®g—atmltsys-manual "] Observation
leakage = 0,0 # cross polarization {interWgrometer only) ;
graphics = "both’ # dizplay graphics at each =tabg [SCPEEH|FilE|thRF%S}LhIrEBCj)
verboze = False
overurite = True # overwrite files starting with $project :
aEYNC = Falze # If true the taskname must be started USihm@‘glp‘altp@\h,,ﬂme, scan
length, pointing centers

€ 4




setpointings

* setpointings dictates field, integration time, mosaic

setpointings E True
integration = 'Bo0s ! # integration (sampling) time
direction = Y 0 "J2000 19h00m00 —40d400m00" or "' to center on model
mapsize = [, "] $ angular zize of map or "" to cover model
maptype = "ALMA’ # hexagonal, square, etc
pointingzpacing = o # s=pacing in between pointings or "0,Z5PB" or "" for 0.5 PR

 integration sets data averaging (and field visit) time
HERE AVERAGING 600s (10M) ENSURES A QUICK INITIAL EXECUTION

» direction sets field or map center

* mapsize, maptype, pointingspacing define a mosaic
BY DEFAULT IT WILL COVER THE MODEL, HERE THAT MEANS A 9-POINT MOSAIC




obsmode

* obsmode sets total time, date, observing sequence

ohemode = ‘int' # observation mode to simulate [int{interferometer)lsd{zingledish)|""{none)]
antennalist = 'alma,outld,cfg' # interferometer antenna pozition file
refdate = 2012065721 # date of observation - not critical unless concatting simulations
hourangle = 'transzit' # hour angle of obzervation center e,g, —3:00:00, or "tranzit"
totaltime = Yranns" # total time of obzervation or number of repetitions
caldirection = " # pt source calibrator [experimental]
cal flux = 11y’

e totaltime sets total observation direction
HERE 7200s IS A TYPICAL ALMA OBSERVATION DURATION

» Optionally specify the date, LST, and a calibrator sequence.

go simobserve

SIMOBSERVE CREATES A MEASUREMENT SET (MS) IN
projectname/projectname.ms




skymodel image

* simobserve outputs diagnostic plots to project directory
TEXT FILES SHOW THE LOCATION OF POINTING CENTERS (OR LISTOBS)

myproj.alma.outl0.skymodel.flat

0.000200

0.000175

0.000150

0.000125

0.000100

0.000075

0.000050

0.000025

15 10 5 0 -5 -10 =15
* resized model sky




simobserve

« Corruption with thermalnoise & toolkit

# =imobzerve i mozaic simulation task:

praoject = ‘sim' #

skumode] = " #

complist = " #

setpointings = True
integration = "10s' #
direction = " #
mapsize = [, ] #
maptype = "ALHA" #
pointingzpacing = " #

ohemdle = "int' #
antennal ist = 'alma,outld, cfg’  #
refdate = 20124065421 #
hourangle = 'transit' #
totaltime = YA #
caldirection = " #
cal flux = 11y

thermalnoize = "Sopapilla’

leakage =

graphics =

overurite = True #

AsYNC = False #

root prefix for output file names
model image to obzerwve
componentlist to obzerwe

integration (zampling) time

“I2000 19h00m00 —40d00m00" o " to center on model
angular zize of map or "" to cover model

hexagonal , sguare, etc

gpacing in between pointings or "0,26PBE" or "" for 0,5 PB

obzervation mode to simulate [int{interferometer)|zdizingledish)|""(none)]
interferoneter antenna position file

date of obzervation - not critical unless concatting simulations

hour angle of obserwation center e,g, —3:00:00, or "transit"”

total time of obserwation or number of repetitions

pt source calibrator [experimental ]

add thermal noise: Etsus—atmltsuﬂ—manua%I""] (:()I‘fl][)tl()f]
pol arization {interferometer only ;
] j =ach stage to [SEPEEH|FiIE|h&QRIIQnaI)

averwrite files starting with $project

If true the taskname nust be started wsifEhermal=noise, phase
noise, polarization leakage




Multiple sets of observations

* One can simulate multiple sets of observations with multiple calls to
simobserve
o Simulate combining data from compact and extended arrays
o Simulate combining data from interferometers and single dish
telescopes
 The CLEAN task can take multiple measurement sets to combine
Interferometric observations
 The FEATHER task can combine single dish and interferometric
observations




thermalnoise

» Set observing conditions to add random noise to image

« See CASAguides and toolkit for other ways to corrupt data.
E.G., PHASE NOISE

* We will make a noisy and a not-noisy version to compare.

« MAKE SURETO SHOW THIS,
OR NOT SAY IT

go simobserve

SIMOBSERVE CREATES A MEASUREMENT SET (MS) IN
projectname/projectname.ms




Basic Simulation Workflow
In CASA... L Model Sky Distribution }

(FITS, image, components)

R

g

Simulated Measurement Set
(calibrated u-v data)

g

simanalyze

-

Simulated Image
& Analysis Plots Comparing
“Observed’/original image




simanalyze

* Image and analyze simobserve output

CASA <B8>: inp simanalyze
———————— = inplsimanalyze)
# =imanalyze :: image and analyze zimulated datasets

project = "sim' # root prefix for output file names
image B True # [(relimage $project.*.ms to $project,image
vis = 'default’ # Measurement Setis) to image
mode ] image = " # prior image to usze in clean e,g, existing single dish image
imzize = ] # output image size in pixels (x,4) or O to match model
imdirection = " # =et output image direction, (otherwize center on the model)
cell = " # cell zize with unitz or "" to equal model
niter = B0 % maximum number of iterations (0 for dirty image)
threshold = 'O Amly # flux level [+units) to stop cleaning
weighting = 'hatural’ # weighting to apply to visibilities
mask. = [] # Cleanboxies), mask imagels), regioniz), or a lewel
outertaper = [] # uv—taper on outer baselinesz in uw-plane
stokes = 'T' # Stokez paramz to image
analyze B Falze # lonly first B selected outputs will be dizplayed)
graphics = 'both’ # display graphics at each stage to [screenlfilelbothlnone]
verboze = Falze
overurite = True # overwrite files starting with $project
ATYNC = Fal=e # IFf true the taskname must be started using simanalyzel...)




image

e Grid, invert, and CLEAN the simulated data set.

 —

image
vis
mode] image
imsize
imdirection
cell
hiter
threshold
weighting
mask,
outertaper
stokes

I'Iu'—'l Ud
True
"default’

0

B0

0. Imy
"natural’
[]

[]

I

H oH W H W H W HH H H H

Do P e O UL L |
(relimage $project.®*.ms to $project,image

Measurement Setis) to image

prior image to use in clean e,g, existing zingle diszh image
output image size in pixels (x.y) or O to match model

szet output image direction, {otherwize center on the model)
cell size with units or "" to equal model

mazimum number of iterations (0 for dirty image)

Flux level (+units) to stop cleaning

Cleanboxies), mask image(s), region(s), or a level

us-taper on outer bazelines in uw-plane

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




image

» Output files can be examined with the CASA viewer.
IN CASA 3.4 THESE LIVE IN projectname/projectname. image

MmOO % Viewer Display Panel
Data Display Panel Tools View [—I

s D QWD s m w9 A G
fle&fs ez e e s s |

on M oo (m @& @ mm @m

_I—l—”_—l_l_l I_O 1 | normal
rate [To =] | blink

channel

|
—

¥ myproj.alma.outl0.image

'3 -1.158114e-05 Jy/beam Pixel: 201 %& 0 O r
0%:59:5%.018 -40.00.04.525 I O km/s (lerk/radio velocity)




analyze

 Create diagnostic plots based on simobserve and image

analyze = True
showuw = True
showpzf = True
showmode 1 = True
showconvalved = Falze
showc]ean = True
showresidual = Fal=ze
showdifference = True
showfidelity = True

* Pick up to 6 of these.

H*+ A 3 HF H H H S

tonly first B selected outputz will be displayed)

dizplay uy coverage

dizplay synthesized (dirty) beam (ignored in single dizh simulation)
dizplay zky model at original resolution

dizplay zky model corvalved with output beam

dizplay the synthesized image

dizplay the clean residual image {ignored in single dish simulation)
dizplay difference image

dizplay fidelity




analyze

Create diagnostic plots based on simobserve andimage

myproj/myproj alma outl0.psf myproj.alma.outlC skymodel flat regrid

vklambda)

600 -5 =10 =15

myproj.alma out10 diff myproj alma outl0 fidelity
min=-3 9e-04
max=9 5¢-04
RMS=14e-04
J/beam

00018

0.0015

00012 10

400009

40,0006

00003

00000

~0.0003




analyze

 Create diagnostic plots based on simobserve and image

Point spread function Sky Model

vklambda)
o

-5 =10 =15




Try It Yourself!

» Simulate one of the suite of model images at
http://casaguides.nrao.edu/index.php?title=Sim_ Inputs



http://casaguides.nrao.edu/index.php?title=Sim_Inputs

