Data Processing: ’
Imaging



If multiple measurement sets are ava|IabIe for a target |t 5
. necessary to concatenate the data before |mag|ng the data .

(This is not the case for the example )

Concatenation can be performed W|th the foIIowmg
command:

'concat(vis=['u1d1.ms,u1d2.ms‘],concatviS=‘ca11brated.ms’)

' .Anyo‘ld calibrated.ms files should be deleted before running
this command. &



Interferometry data are converted into images usrng a
~process called cIeanlng This serves two purposes

« It converts the visibility (phase and amplltude data) |nto ’
srgnal on the sky plane. |

« It restructures the beam (point spread:fun'etiOn) of the
~ data so that the beam is Gaussian in shape.



Cleaning is done usmg e|ther the old clean command or the new -
tclean command.” The example tclean command for the 5
i contlnuum imaging Iooks like the foIIowmg s

tc1ean( ' i
,vis— uid___A002_xb4264b_ X946 ms. sp11t ca1' #Input filename
1magename— 'NGC3169.continuum’ #output filename
field='2", | #Fields to be imaged
gridder=" standard', ; - #Projection method
‘phasecenter=2, ' #Centre position of image
imsize=[500, 500], ~ #Image size in pixels
cell="0.larcsec’, ~ #Pixel scale pbcor=True,
. pb1imit=0.0, 'F,#PB gain level at which to cut
» " # _off normalization
spw='0,1,2,3:0~1200;2500~3839", : #Spectral windows to image
specmode="mfs"', .. #Imaging mode (continuum)
outframe="Tsrk', #velocity frame of image
deconvo1ver—'hogbom i #Cleaning algorithm
nterms=1, : . | } #Number of Taylor coefficients
, I # 1in spectral slope
chanchunks=-1, #Chunking for gridding
channels
niter=100& #Maximum number of iterations
threshold="0.1mly"', #Stopping threshold
weighting="natural', #Cleaning weights
interactive=F #Interactive mode setting

)



The various optlons {o]g tclean in this example have been S

- reorganized |nto rough groups:

| Input/output information
Image plane settings
Spectral dimension settings
Deconvolution options



Input/Output Information

VIS Input filename =
imagename - Output filename



Image plane settings

field
gridder
phasecentér
imsize

cel

~ pbcor
 pblimit

Fields to be |maged |
Projection method (tclean only)

Centre position of | |mage

Image size in pixels. v'

Pixel scale =

Setting to apply PB correction
PB gain level at which to cut off
normalization (tclean only)



Important points on image planeus'ettings ’ e

- The gridderv should be set to * Sta'nd’ard” for sing’le -
- pointings and “mosaic” for multiple pomtmgs

+ The phasecenter can be speciﬁed either by a field
number or by coordinates (which may be necessary when
o2 working with multiple pointings).

+ The cel1 value should be at least 2x (and preferable
3-4x) the size of the beam.

« It is recommended to apply the primary beam (PB)
correction.



Spectral dimension settings

spw -
specmode
start
nchan
width
outframe

 restfreq

Spectral wmdows ik image ,
Spectral imaging mode (mode in cIean)'

Staring point of spectral cube
Number of spectral cube channels
Width of spectral cube channels
Velocity frame

Rest frequency of reference I|ne
(optional)



Important points on spectral dimension Sett'i'nQ'S': |

. The specmode should be set to "mfs” for contlnuum |
images and “cube” for -spectral cube. The older clean
command had multiple options instead of “cube such as
| “frequency” “velocity”, and * channel”

The start, nchan, and wi dtHfopt»iOns should be set fOr
~ spectral cubes but not for continuum images.

. The,outframe should be set just to avoid confusion.
Currently, tclean only supports “lsrk” but for clean, “lsrk”

IS recommended for galactic objects and “bary” for
extragalactic objects.



Important points on spectral dimension Sett'ing's"j L

. The restfreq is optional. The CASA software will be
~able to perform some additional meaningful unit

conversions between frequency and veIOC|ty if this is
| glven



Deconvolution options

deconvolver

nterms
chanchunks

nitel
threshold
weighting
1nteractive

Cleanlng algorlthm (1 mage rmode in
~clean) | | o,

Number of Taylor coefﬁaents in spectral
slope (tclean onIy) |

Chunking for grlddmg channels (tclean
only) |

Maximum humber of iterations
Stopping threshold

Cleaning weights

Interactive mode setting



Important points on deconvoIUtion options i

gl The weighti ng iS very |mportant Three standard
options are used in radio interferometry. '

o Natural welghtmg is based on not aIterlnIg the welghts
of data points in the uv plane. This resu ts in images
with more large-scale structure

o Uniform weighting is based on altering the weights to
~account for the lack of data on long basellnes in the uv
plane (thus making the uv plane appear “uniform”).
Th|s results in images with more small-scale structure,
but ALMA image with uniform weights tend to look too
noisy.

o Briggs weighting aIIows for adjusting between these
two extremes. The robust parameter can be used to
adjust between these extremes, with “2" equivalent to
natural and “-2" equivalent to uniform. A robust
value of “0.5” is used in most ALMA QA2 imaging.



Cleanlng IS an |terat|ve process in WhICh the foIIowmg |s s
~done in each lteratlon |

e An image\is displayed.:

- Either the user or the program rdentlﬂes sources and
masks them.

s Using the identified sources, the algorithm models and
~removes them from the image, producing a residual |mage
that is used at the beginning of the cycle.



Data Display Panel Tools View Help

2 2150 | e

' Add (& This Channel (& This Polarization Next Action:

" Erase ¢ All Channels ¢ All Polarizations 0

max cycleniter iterations left threshold cyclethreshold
100 {100 {0.0001)y |0.000160318)y

Display

NGC3169.continuum.residual—raster
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I~ Stokes
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Cursors

[V NGC3169.continuum.residual-raster

-6.60545e-05 Pixel: 281 373 0 0
10:14:15.227 +03.28.05.305 I -7786.91 km/s (lsrk/radio velocity)

IV NGC3169.continuum.mask

+0 Pixel: 281 373 0 0
10:14:15.227 +03.28.05.305 I -7786.91 km/s (lsrk/radio velocity)
Contours: -0.6 -0.2 0.2 0.6




Data Display Panel Tools View Help
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' Add (& This Channel (& This Polarization Next Action:

" Erase ¢ All Channels ¢ All Polarizations o

max cycleniter iterations left threshold cyclethreshold

100 {100 {0.0001)y |0.000160318)y

Display

NGC3169.continuum.residual—raster
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Cursors

[V NGC3169.continuum.residual-raster

+5.47835e-05 Pixel: 301 319 0 0
10:14:15.095 +03.27.59.880 I -7786.91 km/s (lsrk/radio velocity)

IV NGC3169.continuum.mask

+0 Pixel: 301 319 0 O
10:14:15.095 +03.27.59.880 I -7786.91 km/s (lsrk/radio velocity)
Contours: -0.6 -0.2 0.2 0.6




Data Display Panel Tools View Help
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' Add (& This Channel (& This Polarization Next Action:

N
" Erase ¢ All Channels ¢ All Polarizations Ll)u

max cycleniter iterations left threshold cyclethreshold

100 {100 {0.0001)y |0.000160318)y

Display

NGC3169.continuum.residual—raster
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Cursors

[V NGC3169.continuum.residual-raster

+1.53524e-05 Pixel: 300 317 0 O
10:14:15.101 +03.27.59.703 I -7786.91 km/s (lsrk/radio velocity)

IV NGC3169.continuum.mask

+0 Pixel: 300 317 0 O
10:14:15.101 +03.27.59.703 I -7786.91 km/s (lsrk/radio velocity)
Contours: -0.6 -0.2 0.2 0.6




Data Display Panel Tools View Help
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" Add & This Channel (& This Polarization Next Action:

N
" Erase ¢ All Channels ¢ All Polarizations LI)U

max cycleniter iterations left threshold cyclethreshold ‘

100 |66 {0.0001)y |7.59807e-06)y

Display

NGC3169.continuum.residual—raster
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Cursors

[V NGC3169.continuum.residual-raster

+4.95022e-05 Pixel: 398 546 0 0
10:14:14.442 +03.28.22.631 I -7786.91 km/s (lsrk/radio velocity)

IV NGC3169.continuum.mask

+0 Pixel: 398 546 0 0
10:14:14.442 +03.28.22.631 I -7786.91 km/s (lsrk/radio velocity)
Contours: 0.2 0.4 0.6 0.8




Data Display Panel Tools View Help
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" Erase ¢ All Channels ¢ All Polarizations LI)U

max cycleniter iterations left threshold cyclethreshold

100 |66 {0.0001)y |7.59807e-06)y

Display Animators
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IV Images
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Cursors

[V NGC3169.continuum.residual-raster

-2.89721e-05 Pixel: 298 317 0 0
3028|00|| 10:14:15.109 +03.27.59.762 I -7786.91 km/s (lsrk/radio velocity)

IV NGC3169.continuum.mask

=an +0 Pixel: 298 317 0 0
J9 10:14:15.109 +03.27.59.762 I -7786.91 km/s (lsrk/radio velocity)
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Multiple files are created after cIeaning':

. image Science |mage
- image. pbcor - Science image with a PB correctlon
e mask Image mask created while cleaning
 model Model of the enﬁission ‘us.ed for
| deconvolution.
s pb Primary beam (area where the telescope
s was sensitive)
e psf Beam before cleaning
- residual ~ Residuals after the final iteration of

cleaning
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NGC3169.continuum.image.pbcor—raster
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NGC3169.continuum.residual—raster
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Imaging tips

 Try using different weights (natural Or'brilggs with different
- robust values) to bring out emission on dlfferent spatial
scales. |

3 Attempt changing the channel W|dth to |mprove the S/N of
line emission.

< To identify artefacts (such as rlpples across the map), try
~ producing images using only subsets of the data.

+ To check the reliability of the flux densities, try one of the «
following:

 Produce images usmg subsets of the data.

« Image the calibration sources and check the flux
densities using aU.planetFlux or aU.getALMAflux.



