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Why

® Why would you want to simulate observations?
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Why would you want to simulate observations?

In a proposal:

To show you’ve thought about filtering, sensitivity
and observabllity
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Why would you want to simulate observations?

In a proposal:

To show you’ve thought about filtering, sensitivity
and observabllity

In a paper:

To compare simulations with observations
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HOW

® Two tools you can chose from
= Single plane, first look
® ALMA Observation Support Tool (OST)
= More robust, including noise estimates

® Modelling tasks built into CASA
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ALMA OST

ALMA observation support tool

Version 1.2 (ALMA Cycle 1)

Array

Observation Setup

EUROPEAN AR
ALMA Regional

Instrument

Source model

Upload a FITS file

Decination

Image peak /pointfluxin | mjy *

Ceontral froquency n GH2

Bandwidthin | MHz 2

Requred resolution in arcseconds

Pointing strategy

Start hour angle

Y

“ACMA Observation Support T

| OST Library: Central point source = |

| Choose File | no file selected

~35d00m00.0s

0.0

90
32
1.0
| Mosaic =

0.0

o,

Queue Status ® Holp ® ALMA Heolpdesk
OST Latest News

Choose a lbrary source model or supply your own
You may upload your own model here (max 10MB)
Ensure correct formatting of this string (+/-00d00m00.0s)

Set to 0.0 for no rescaling of source model

The value entered must be within an ALMA band

Use broad for continuum, narrow for single channel
OST will choose config if nstrument is set 10 ALMA
Selecting single will apply primary beam attenuation

Deviation of start of observation from transit




ALMA OST

ALMA observation support tool

“2 almaost.jb.man.ac.uk
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Version 1.2 (ALMA Cycle 1)

Queue Status ® Holp ® ALMA Heolpdesk
OST Latest News

Array Instrument | ALMA Cycle 1 C32-4 + ACA Cycle 1

Source model | OST Library: Watchmen logo Choose a lbrary source model or supply your own

Upload a FITS fie | Choose File | no file selected You may upload your own model here (max 10MB)

Decination | ~35d00m00.0s ‘ oK Ensure correct formatting of this string (+/-00d00m00.0s)

Image peak / point flux in 'rq]y H 150.0 oK Set to 0.0 for no rescaling of source model

Observation Setup Ceontral frequency n GMz 90 The value entered must be within an ALMA band
Bandwidthin | MHz 2 | 32 Use broad for continuum, narrow for single channel
Requred resolution in arcseconds 1.0 OST will choose config if nstrument is set 10 ALMA

Pointing stratogy | Mosaic = Selecting single will apply primary beam attenuation

Start hour angle 0.0 Deviation of start of cbservation from transit
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ALMA OST

ALMA observation support tool

“4 almaostjb.man.acuk

-;_"{-_1_'2_-_.';/‘_ Gooale Maps g_'.:-. 1ITL

Google Maps

Instrument - ALMA Cycle 1 C32-4 + ACA Cycle 1

Source model - OST Library: Watchmen logo

Upload a FITS file ' Choose File | no file selected

Observation Setup Central frequency in GHz 90 The value entered must be within an ALMA band

Bandwidthin | MHz * | '32 ‘ Use broad for continuum, narrow for single channel
Required resolution in arcseconds 1.0 OST wil choose config if instrument is set to ALMA

Pointing strategy | Mosaic + | Selecting single will apply primary beam attenuation

Start hour angle 0.0 Deviation of start of observation from transit
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EUROPEAN AF

ALMA OST

ALMA observation support tool

“2 almaost.jb.man.ac.uk

Observation Setup

Central frequency in GHz
Bandwidth in

Required resolution in arcseconds
Pointing stratoegy

Start hour angle

Phase Cycle n | seconds *

On Phase Calbrator n | seconds ¢ |

On-source time in | hours

Number of vists

Number of polarizatons

Atmospheric conditions

Imaging weights

Perform deconvolution?

Output image format

Your emai address is

| PWV = 0.472 mm (1st Octile) * |

| Yes

FITS =

[musgp@slrw.leidem oK

The value entered must be within an ALMA band

Use broad for continuum, narrow for single channel

OST will choose config if nstrument is set 10 ALMA

Soelecting single will apply primary beam attenuation

Deviation of start of cbservation from transit

The length of time between cutting 10 a phase calbrator
(currently imited to ether Os or between 300s and 600s)

The length of time spent observing phase calbrator
(currently imited to ether 0s or between 30s and 600s)

Per pointing for Mosaics.

How many times the observation s repeated

This affects the noise in the final map

Determines level of noise due fo water vapour

This allows a resolution / sensiivity trade-off

Apply the CLEAN algorithm to deconvoive the image

CASA format images are returned as a tar file




ALMA OST

ALMA observation support tool

Observation Setup

Corruption

Imaging

Your emal address is

EUROPEAN AF
ALMA Regional Centre

+ | | “4 almaost.jb.man.ac.uk

Central frequency in GHz

Bandwidth in | MHz ¢ |

Required resolution in arcseconds

Pointing strategy Mosaic + |

Start hour angle [0.0

Phase Cyclein | seconds =
On Phase Calbrator in | seconds *
On-source time in | hours 3 |

Number of visits

Number of polarizations

Atmospheric conditions | PWV = 0.472 mm (1st Octile) |

Imaging weights Natural =

Perform deconvolution? | Yes

[Kl.ussgn@smv.leidem 0K

The value entered must be within an ALMA band

Use broad for continuum, narrow for single channel

OST wil choose config if instrument is set to ALMA

Selecting single will apply primary beam attenuation

Deviation of start of observation from transit

The length of time between cutting 1o a phase calbrator
(currently limited to ether Os or between 300s and 600s)

The length of time spent observing phase calibrator
(currently limited to ether Os or between 30s and 600s)

Per pointing for Mosaics.

How many times the observation is repeated

This affects the noise in the final map

Determines level of noise due to water vapour

This allows a resolution / sensiivity trade-off

Apply the CLEAN algorithm to deconvolve the image




ALMA OST

ALMA Observation Support Tool
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Job ID: 20130114093627UgCDU / Submitted by: klaassen@strw.leidenuniv.nl

Your result wil appear here: 20130114083627UgCDU
You will recewe further notificatons via email

Thank you!

You will be sent an emaill once the
simulation is done

NOTE: close to proposal deadlines, it
may take a little longer to process
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ALMA OST

ALMA OST - Job ID: 20130114093627UgCDUp1

almaost.jb.man.ac.uk

W ..

EUROPEAN ARC ' < “ALCMA Observation Support Tool

ALMA Regional Centre || UK
Job ID: 20130114093627UgCDUp1 / Submitted by: klaassen@ strw.leidenuniv.nl

Messages
® You requested the ALMA Cycle 1 C32-4 + ACA Cycle 1 Array configuration, as such you wil receive two simulation outputs.
The first is the ALMA image, the second the ACA image. These can be combined within CASA using the script provided here:

hitp//aimaost. jo.man.ac.uk/help/combine. himi with documentation explaining your output results.
® The peak pixel of your model image has been rescaled to 50.0 mJy

Overview

Click thumbnails to view full-size images. Left: incar colour scale, right: with histogram equalkzation

Array configuration ALMA Cycle 1 C32-4 (556 m baseline)

Source model Al we ever see of stars are ther old photographs




ALMA OST

ALMA OST - Job ID: 20130114093627UgCDUp1
~ = = ealmaost.jb.man.ac.uk output/2013011409 ;‘-'a.,,“. gCDUp1 h'r“l - . c Reader |

e " i et o et o o SR —— V

iaps Youlube

5 QTS Pt

Your simulated image
Download FITS fie

Dirty Beam
(Point Spread Function)

EUROPEAN
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The Next Step

For use with CASA simdata

Input sky model Download processed model in FITS format
Download simdata.last file 20130114093627UgCDUp1.simdata last

Download pointing file 20130114093627UgCDUp1 .ptg.txt

® What you did in the OST, can act as a

starting point for more robust simulations
N CASA (if you need tol)

’\ http://almaost.jb.man.ac.uk/help/
ii:ﬂ(j\P;::i;ZICCentre || Allegro




There is a CASA guide for the simulator
There are a variety of step by step tutorials

(one including the ACA)

http://casaguides.nrao.edu/

Following example is in CASA 3.4



http://casaguides.nrao.edu/index.php?title=Simulating_Observations_in_CASA_3.4
http://casaguides.nrao.edu/index.php?title=Simulating_Observations_in_CASA_3.4

simobserve
Take input Image into UV plane

(add noise if applicable)

simanalyze

Take visibilities into iImage plane

Using simple cleaning algorithms

ALMA Regional Centre Allegro\




CASA Simulator

SIMOBSERV ®00 - e ——

1np()
# simobserve :: mosaic simulation task:

® A number of parameters = = s

to be set =

= Most of which have good
default settings

® Create visibilities of your
INnput Image T

or 3D

"transit’

nOise lea - e

EUROPEAN ARC graphics
ALMA Regional Centre || Allegro

b
b
g

root prefix for output
model image to observe
componentlist to obser

integration (sampling)
"J2000 19h0omod -40doodr
center on model

angular size of map or
model

hexagonal, square, etc

spacing in between poit
"@.25PB" or "" for 0.

observation mode to sin
erferometer)|sd(single
]

interferometer antenna

date of observation -t
unless concatting sim

hour angle of observat:
-3:00:00, or "transit'

total time of observat:
of repetitions

pt source calibrator [e

adp thermal noise: [tsy

manual|""]
cross polarization (1inf
only)
display graphics at eat
[screen|filelboth|none



CASA Simulator

SIMANALYZE o

1np simanalyze
inp(simanalyze)
# simanalyze :: 1mage and analyze simulated datasets

@ Simple cleaning of the BN e o oo
visibilities generated in
SIMOBSERVE

prior image to use 1n ¢
= Non-interactive

existing single dish 1

output image size 1in pi
® to match model

set output image direct
(otherwise center on 1
cell size with units or
model

maximum number of iter(
dirty image)

flux level (+units) to

weighting to apply to \
Cleanbox(es), mask 1imac
region(s), or a level
uv-taper on outer basel
plane

Stokes params to image

gnalyze = < # (only first 6 selected

: be displayed)
' ' graphics ' ¢ display graphics at eac
be |nteraCtlve) : [screen|filelbothl|none
verbose
overwrite # overwrite files startir
$project
EUROPEAN ARC async # If true the taskname m

ALMA Regional Centre || Allegro # using simanalyze(...)

500
'9.1mly’

® Alternatively, take the

]

visibilities and clean them .
manually




CASA Simulator

SIMOBSERV aco

inpQ)

F . . # simob 4 | imulati k:
‘ MOd -y (aS requn’ed) . pr‘o;rzct) e e 9“0“ . # root prefix for output

model image to observe
componentlist to obser

integration (sampling)
"J2000 19h0omod -40doodr
center on model

angular size of map or
model

hexagonal, square, etc

spacing in between poit
"@.25PB" or "" for 0O.°

= Pointing direction

= Size

#
b
b
b
#
i
#
b

= Frequency

observation mode to sin
erferometer)|sd(single
]

interferometer antenna

date of observation -t
unless concatting sim

hour angle of observat:
-3:00:00, or "transit'

total time of observat:
of repetitions

pt source calibrator [e

- Set POintingS "alma.outl®.cfg’

'2012/05/21'

"transit’

® Predict visiblilities

'7200s’

® Corrupt the ms

thermalnoise = . # add thermal noise: [ts)

#  manuall""]
Leakage 0.0 # cross polarization (int
: only)
EUROPEAN ARC graphics # display graphics at eac
ALMA Regional Centre || Allegro A [screen|filelboth|none




CASA Simulator

Outputs useful diagnostic plots...

and a measurement set!

elevation

| A | I d 1
15 20 25 30 -150 =100 -50 0 50 100 150
hours relative to 20-May-2012/00:00:00

sim.alma_cyclel 1 quick psf

EUROPEAN ARC
ALMA Regional Centre || Allegro u[klambda)




CASA Simulator

Now you've got a model measurement set!

Ale View Help

Flagging | Tools | Annotator | < |»] Amp vs. UVdist
Amp vs. UVdist s

Fle Location

r15.alma.outl 0.noisyms Browse

Selection
field

spw
timerange
uvrange
antenna
scan

corr

array
observation

&
2
-
g
S
)
&
a
:

msselect
 Averaging
v Channel  1e+08 channels

Time

All Baselines Per Amtenna
All Spectral windows
Scalar

€EUROPEAN AR
ALMA Regions

s Verbose | Summary




Now you've got a model measurement set!

At this point:
Run again with different configuration (e.g. ACA)
Clean the images manually

Continue to simanalyze

T —

T

EUROPEAN ARC
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CASA Simulator

SIMANALYZE

® Image the visibllities

® Assess the output
data quality

EUROPEAN ARC
ALMA Regional Centre || Allegro

8 OO0

1np simanalyze
inp(simanalyze)

# simanalyze :: 1mage and analyze simulated datasets

project = sim

image = True

"default’

'9.1mly"’
"natural’
]

(]

III

graphics

verbose
overwrite

async

7

root prefix for output
(re)image $project.*.ms
$project.image

Measurement Set(s) to 1
prior image to use 1n ¢
existing single dish 1

output image size 1in pi
® to match model

set output image direct
(otherwise center on 1
cell size with units or
model

maximum number of iter(
dirty image)

flux level (+units) to

weighting to apply to \
Cleanbox(es), mask 1imac
region(s), or a level
uv-taper on outer basel
plane

Stokes params to image

(only first 6 selected
be displayed)

display graphics at eac
[screen|filelboth|none

overwrite files startir
$project

If true the taskname mt
using simanalyze(...)




OST

2D, generic noise calculations

Simobserve / simanalyze

3D, basic cleaning algorithms

Simobserve / independent clean

3D, interactive cleaning

Large scale structures

et
S
A -
O
e
®,
O
Y
X
D
U
O
i
et
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D
©
-
0p)
O
i
e
"
D
Q.
=
0p)
D
C
I_
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Example

THE ASTROPHYSICAL JOURNAL, 760:91 (8pp), 2012 November 20 doi:10.1088/0004-637X/760/1/91

@ 2012. The American Astronomical Society. All rights reserved. Printed in the U.S.A.

ARE MOLECULAR OUTFLOWS AROUND HIGH-MASS STARS DRIVEN BY IONIZATION FEEDBACK?

1 6

TromAs PETERs' %7, PAMELA D. KLAASSEN"#, MORDECAI-MARK MAC Low”, RALF S. KLESSEN', AND ROBI BANERJEE

® Qutflows from Peters et al. (2010a)
® Ray-traced with RADMC-3D (CO J=2-1)
® Filtered using the CASA Simulator

= with noise

eunopeA ;\ http://www.1ta.uni-heidelberg.de/~dullemond/software/radmc-3d/
LMA Regional Centre || Allegro




Added typ
observatio

ical weather co

NS (pwv = ~1.2

nditions for Band 6

mm)

Towards the direction of G5.89 (dec = -24 deQ)

Observation parameters

4 hours on source (In 6 pointings)

0.5” final resolution (input = 0”.038)

Spectral resolution = 1 km/s

ALMA Regional Centre Allegro\




5h32m05.50° 05.25° 05.00° 04.75°
Right Ascension

ALMA Regional Centre || Allegro

OQutput cube from RADMC-3D

(Red & Blue shifted CO outflow)

From CASA Simulator
ALMA CARMA

24704 55

Dec. (J2000)

-24°05 00

D OIS 38 Py — -24°05 05
R B R.A ll’)uaig) il 18* 00™ 35 18" 00™ 35* 18" 00™ 34"
e RA. (J2000)




We were able to determine outflow

properties f
observations

Reall

SIMU

T —
~—
~

EUROPEAN ARC
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-om the simulated

method for comparing

ith observations




O make guantitative comparisons,
understanding your methods is key!

Make sure each step is done properly

Use the right weather conditions for your band

f you’'re moditying your model

Make sure to scale the fluxes properly

That your sizes and structures are realistic

ALMA Regional Centre || Allegro



Simulating observations may strengthen
your observing proposals

But don’t over complicate things!

Comparing simulations to observations

This way direct comparisons are possible!

ALMA Regional Centre Allegro\
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