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Technical Justitication

what cube data for your science

o Sensitivity

* Imaging
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Sensitivity

Multiple sources: most restrictive values
o Continuum and/or line flux

e: bandwidth for sensitivity = 1/3 of line width




lmaging

* |maging goals of a proposal
 Requested angular resolution

» Reqguested Largest Angular Structures (LAS)
0 (zero): any 12-m configuration could be used so
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Correlator configuration

 Number of spectral resolution elements
(including Hanning smoothing and spectral
averaging) per line width

-+ Bandwidth of the Representative Window
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We use the default continuum polarimetric correlator set-up.



Choices to be justified

Non-Nyquist mosaic sampling: large field without large-scale structures

Single polarization: e.g., for highest spectral resolution

(High data rate: due to many high spectral-resolution spectral windows, easiest way-
spectral averaging)

Low max elevation: large atmospheric attenuation, limited time above the horizon

User-defined calibration: must be rigorously justified
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Why?

e Mock observations of ALMA

 Not necessary, however:
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e Comparison of different array configurations
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Basics of Interferometry

* |nterferometer data: uv visibility
- Power corresponding to the correlation of the waves

received at two antennas
- FT relation with sky intensity distribution

- (U, v) coordinates

V(u,v) @ Any(,m)I(l,m).

S(u,v)V(u,v) = FT7S(u,0)] * FT7HV (u,v)]
Bp(l,m) * [An(l,m)I(l,m)].

e Keywords
uv coverage, uv distance,
synthesized beams, primary beam...

100.0klambda 100.0klambda




S(u,v)V (u,v

BP [S(u,v)] * FT~! [V (u,v)]
Bp(l,m) x [An(l,m)I(l,m)].

o Simulating interferometric data (visibilites)

1. sky intensity distribution (model): I(
2. primary beam correction: An(l,m) I(
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4. sampling over S(u,v): S(u,v) V(u,v)

e |nterferometric data reduction

1. data: S(u,v) V(u,v)

sl
3. de-convolution of

m)
m)

Bp(l,m) to fine An(l,m) I(I,m)



Two Approaches

e CASA simulation tools

~* Observation Support Tool (OST)
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http://almaost.jb.man.ac.uk

CASA |23

* Common Astronomy Software Applications
http://casa.nrao.edu

e Install CASA - version 4.3.1 (latest: version 4.5.2)

* > casapy
: tasklist
: taskhelp




CASA simulation tools

e CASA version 4.3 http://casaguides.nrao.edu/index.php!?
title=Simulating Observations_in_ CASA 4.3

* Simobserve
generate visibilities

* Simanalyze



http://casaguides.nrao.edu/index.php?title=Simulating_Observations_in_CASA_4.3
http://casaguides.nrao.edu/index.php?title=Simulating_Observations_in_CASA_4.3
http://casaguides.nrao.edu/index.php?title=Simulating_Observations_in_CASA_4.3

Caveats

* RMS noise should not be used for proposals

* 207% underestimates for both surface brightness




VWhat you need

* Possible starting points: a model image in FITS
e.g,
images taken at a different wavelength
numerical simulation results

knowledge on object size and total flux



Simobserve

e (3enerate visibilities: 30 Doradus

CASA <46>: 1np obsmode = "int' # observation mode to
--------- > 1hp(Q) # erferometer)|sd(sin
# simobserve :: visibility simulation task #]
project = 'sim' # root prefix for output file names antennalist ‘alma.cvcle3. 1. cfa' # interferometer ant
skymodel = '30dor.fits’ # model image to observe # file
Lhbright '@.06mly/pixel’ # scale surface brightness of brightest refdate '2014/05/21' #f date of observation
# pixel e.g. "1.2Jy/pixel” # unless concatting s
Lndirection 'J2000 10h00moo -40d00mdd" # set new direction e.g. hourangle "transit’ # hour angle of observ
#  "]2000 19h00mod -40doomoo" # "-3:00:00", "sh", "
LNC # set new cell/pixel size e.g. # without units will
# "@.larcsec” # hours), or "transit
ncent: 2 Z # set new frequency of center channel totaltime '7200s’ # total time of observ
# e.g. "89GHz" (required even for 2D # of repetitions
# model) caldirection " # pt source calibrator
nwid 2GHz # set new channel width e.g. "1@MHz" calflux "1y’
# (required even for 2D model)
thermalnoise = "tsys-atm’ # add thermal noise: [
complist = " # componentlist to observe # manuall""]
setpointings = True user_pwv 0.5 # Precipitable Water V
Lntegration 00s ' # 1integration (sampling) time t_ground 269.0 # ambient temperature
direction " # "]2000 19h0o0md0 -40d40omdd" or "" to seed 11111 # random number seed
# center on model
napsize ', "] # angular size of map or "" to cover leakage - 0.0 # cross polarization (
# model # only)
naptype "ALMA’ # hexagonal, square (raster), ALMA, etc | graphics = 'both’ # display graphics at
pointingspacing " # spacing in between pointings or # [screenl|filelbothln
# "0.25PB" or "" for ALMA default verbose = False
#  INT=lambda/D/sqrt(3), SD=lambda/D/3 |overwrite - True # overwrite files star
# S$project




Outputs

sim.alma.cycle3.1.ms/
sim.alma.cycle3.1.noisy.ms/
sim.alma.cycle3.1.0bserve.png
sim.alma.cycle3.1.ptg.txt
sim.alma.cycle3.1.quick.pst/
sim.alma.cycle3.1.skymodel/
sim.alma.cycle3.1.skymodel.flat/

sim.alma.cycle3.1.skymodel.png




Simanalyze

* (Generating (cleaned) image
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# simanalyze :: 1mage and analyze measurement sets created with simobserve

project = 'sim’ # root prefix for output file names

image = True (re)image $project.*.ms to
$project. image

Measurement Set(s) to image

lower resolution prior image to use
in clean e.g. existing total power
Lmage

output image size in pixels (x,y) or
@ to match model

set output image direction,
(otherwise center on the model)

cell size with units e.g. "l@arcsec”
or "" to equal model

interactive clean? (make sure to set
niter>0 also)

maximum number of iterations (@ for
dirty image)

flux level (+units) to stop cleaning

welghting to apply to visibilities.
briggs will use robust=0.5

Cleanbox(es), mask image(s),
region(s), or a level

uv-taper on outer baselines in uv-
plane

correct the output of synthesis
1mages for primary beam response?

Stokes params to image

image (e.g. total power) to feather
with new image

'default’

False
L0

'9. 1my’

htin ‘natural’ graphics

verbose =
overwrite =

0

U

dryrun =
True

s logfile =

CASA <58>: []

True

True
True

True

True
False

True

"both’

False
True

False

HHEH EFH AR SRR

= R

(only first 6 selected outpu
be displayed)

display uv coverage

display synthesized (dirty) |
(ignored in single dish sim

display sky model at origina
resolution

display sky model convolved !
output clean beam

display the synthesized 1imag

display the clean residual 1
(ignored in single dish simi

display difference between o
cleaned image and input mod
1mage convolved with output
beam

display fidelity (see help)

display graphics at each sta
[screenl|filelboth|none]

overwrite files starting witl
$project

only print information [expe
only for interfermetric dat




Outputs

uv coverage, dirty beam, model,
convolved model image, clean image, differences

am/sim.alma.cycle3.1.noisy psf

bmaj=1.8e+00
4 @bmin=1.7e+00

sim.alma.cycle3.1.skymodel.flat reg

15 10 5 0 =5 -10-15

-150 - '
-100 -50 0 50

ulklambda)

0.00150

am.alma.cycle3.1 skymodel flat.regrid sim.alma.cycle3.1.noisy.image fla sim.alma.cycle3.1.noisy.diff

8024
min=1.2e-05 Amin= 60e—04 0.00123 . Wmin=-2.8e-04

15
a o 0.0021 =1 3a.
max=3.8e-03 max 26e03 00010q0 max=1.3e-03

RMS=1.1e-04 10 jJRMS=4.8e-05 ' RMS=1.1e-04
0.0018
Jy/beam . 0.00075 5 Jy/beam
0.0015
0.000500
00012

0.00025>
0.0009
-10 0.000080

0.0006
~0.00023

-15

0.0003 .
15 10 5 0 -5 -10-15 5 0 -5-10-15 —0.00050 0 -5-10-15




Observation Supporting lool

 \VWeb-based

* Results can be delayed depending on job load
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Data products

CUROPEAN ARC
ALMA Regonal Centre || UK

Job ID: 20160317125744WnIRv / Submitted by: wkwon@kasi.r

Messages

The brightness unit of your uploaded sky model was not recognised and has been adjusted 10 Jy/pixel
You should carefully check that your sky model remains sensible, and consider tuning the rescaling value to compensate for any

Overview

13.7 GHz (ALMA Band 3)

For use with CASA simdata

3 Dowrioad peocessad model in FITS format

2016031 7125744Wn iRy simadata last

Diagnostics

20160317125 744WniRv.pig.ba




Data products
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For use with CASA simdata

Downioad processad model in FITS format

DSeMW Wlyze Nie 2016031 713074020 Ny sindala las!
Diagnostics
016031 713074020 Ny, ptg 1




Summary

e ALMA simulator
e (CASA simulation tasks/tools

http://casa.nrao.edu

http://casaguides.nrac.edu/index.php’title=Simulating Observations_in_ CASA_4.3

simobserve

simanalyze
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