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Imaging!

   see Chapter 5 of Cookbook!


   task clean



   Single-Þeld cleaning, variety of algorithms!


   Mosaicing using uv-gridder (uv-plane mosaicing)!


   Heterogeneous imaging (when more than one antenna size is present Ð 
CARMA and ALMA+ACA)!


   Interactive and non-interactive operation!


   task widefield - wideÞeld imaging prototype (low 
frequencies)!


   w-projection and faceting!


   task feather - combine single-dish and interferometric 
images!
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What Are All Those Files For?!

Based on the imagename these Þles are created:!

¥  imagename.image Ð Þnal cleaned (or dirty if niter=0 image)!

¥  imagename.psf Ð the point spread function of the beam, useful to 
check whether image artifacts are due to poor psf!

¥  imagename.model Ð an image of the clean components!

¥  imagename.residual Ð the residual image after subtracting clean 
components, useful to check if more cleaning is needed!

¥  imagename.ßux Ð the primary beam response function Ð used to make 
a Òßux correct imageÓ, otherwise ßux is only correct at the phase 
center(s). pbcor=T divides the .image by the .ßux. Such images donÕt 
look pretty because the noise at the edges are also increased, but 
ßux densities should ONLY be calculated from pbcorÕed images. !

4!
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How to Image M82 D-conÞg -1?!
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What should the cell(size) be?!
•  Need 3-5 pixels across beam (closer to 5 is best; for elliptical beam, 

compare with smaller axis)!
•  For VLA 43 GHz in D- conÞg. beam is ~1.3Ó, so a good choice is 
cell=‘0.25arcsec’


What should the imsize be?!
•  Minimum is about FWHP (Full Width Half Power = 1.02 λ/D); if there 

are bright sources further out, need larger: 2 x FWHP generally safe 
starting point!

•  Important NOT to have bright emission near edge of image as this will 
cause aliasing (see DavidÕs lecture). !

•  imsize need NOT be a power of 2, but it does need to be an even 
number, a recent update is that rectangular (vs. square) should be Þne 
but not extensively tested!

•  For VLA 43 GHz, FWHP= 1Õ so 60Ó/0.25Ó = 240,  so weÕll try 
imsize=480
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Clean Algorithms!
¥  psfmode Ð algorithm used to calculate the point spread function ( psf) 

for use during minor cycles in the image plane. Ô clark Õ uses a 
truncated psf but is usually good enough. ÔhogbomÕ can occasionally 
be the best choice if psf is very poor as it uses a smaller beam patch 
but it is very slow.!

¥  Imagermode Ð Ô Õ, ÔcscleanÕ, ÕmosaicÕ!

¥  Ô Õ means use method deÞned in psfmode for cleaning!

ÔhogbomÕ Ð slow and subtraction not as accurate (only minor cycles), but 
currently only way to clean I, Q, U, & V independently. !

Ôclark Õ uses minor and major cycles Ð in major cycles clean components are 
FFTÕed and subtracted from the FFT of the residual image from previous 
major cycle. For polarization imaging Ô clark Õ searches for peak in I 2+V2+Q2+U2!

¥  ÔcscleanÕ Ð similar to Ôclark Õ except clean components are subtracted from 
ungridded visibilities at each major cycle. Slower than Ô clark Õ but more 
accurate. Should be used for high dynamic range and is always used for 
mosaics (more later)!

8!
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How to Image M82 D-conÞg -2?!
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When to stop cleaning?!
Stop cleaning when the residuals are noise like, and/or the clean has 
stopped converging (adding to cleaned ßux)!

niter Ð Number of clean iterations to do. This can be useful when you are 
doing tests, but this parameter has NO physical meaning. Instead set to 
large number and let either threshold or do interactive to stop the 
cleaning.!

threshold Ð Stop cleaning when peak residual has this value, give units 
(i.e. mJy). One would like to approach about 3x the theoretical rms noise. !

 To reach this limit the data must be well calibrated/ßagged and suffer 
from no serious artifacts (resolved out extended structure/negative bowls, 
poor psf/uv -coverage, dynamic range limited etc).  !

 Do not set this blindly! Once you reach rms (whether close to theoretical 
or not), you are just picking noise up one place and putting it down in another!!
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Interactive CLEAN!

   clean has interactive mode  

interactive=T



   uses the viewer!


   can change #cycles, iterations 
per cycle, and threshold during 
cleaning!


   draw boxes and polygon regions 
for masking!


   Once mask is made you can use it 
in future cleans as long as image 
properties are the same!


   Can also use task makemask 
outside of clean, or set clean 
boxes by hand!
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uv-weighting Parameters!
weighting:!

•  natural Ð lowest noise, poorest resolution, default!

•  uniform Ð highest noise, best resolution!

•  briggs Ð intermediate between natural and uniform Ð often 
best of both worlds !

¥  Default robust=0.0 is often a good choice, range -2 to 2, positive more 
towards natural, negative, more towards uniform!

•  npixel number of pixels to determine uv-cell size, default 0 = imsize


•  Superuniform (use with caution)!

•  npixel number of pixels to determine uv-cell size, default 0 = +/- 3!

13!



CASA Imaging, June 2 2009, Hamilton!

UV-Range and Taper!
¥  An image can be dramatically changed by narrowing 

uv-range or applying outer uv-taper!

•  uvrange - remember the effects of Òhard edgesÓ in 
Fourier transforms ( WilnerÕs Lecture), most useful to 
exclude short spacing. Default unit is meters!

uvrange=’30~100klambda’; uvrange=‘>40klambda’;                 !

•  uvtaper=T


outertaper - default unit is meters!

outertaper=[‘120arcsec’]


outertaper=[‘5klambda’,’3klambda’,’45.0deg’]


Innertaper not yet implemented!

14!
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How to Image M82 D-conÞg -3?!
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clean(vis=m82D_m82only.ms,imagename='m82D_robust',

     imsize=[400,400],

     cell='0.3arcsec’,

     niter=100000,



 interactive=T,

     weighting='briggs’,



 robust=0.5)


Note that when running from command line, only need to set 
parameters that you want to be DIFFERENT from default values, so in 
this example we are using the default psfmode=‘clark’ and 
imagermode=‘’ which will use ÔclarkÕ major cycles as well.!

M82 starburst!
Red: optical emission !
Blue: x-ray emission!
Green: OVRO 12CO(J=1-0)

(Walter, Weiss, Scoville 2003) !
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Cube Channelization!

   Mode=‘channel’, 
velocity’, or ‘frequency’ 
the interpolation is the 
method used to interpolate data 
into the uv-grid: ‘nearest’, 
‘linear’, and ‘cubic’!


   When using mode=‘channel’ 


   select spectral windows of the data, e.g. 
spw=‘0,1’ 


   the width is then set in units of Þrst 
data spw channel width!

45!
4!
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Imaging spectral cubes!

   Other cube considerations... !


   Spectral axis is always handled ‘mfs’ styleÉi.e gridded with 
different (u,v), so even when mode=‘channel’, the spectral axis 
is gridded and follows interpolation method. 
interpolation=‘linear’ is best in most cases!


   If a mode=’velocity’ cube is chosen, then data will be gridded 
into LSRK bins!


   The restfreq (line rest frequency) should always be set in order 
to obtain correct LSRK velocities. Give units. !


   There is currently a separate task called hanningsmooth that 
performs spectral Hanning smoothing. This will be incorporated 
into the task in future!
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Mosaicing in Clean!

•  mosweight Ð mosweight=T will weight pointings by sensitivity in overlap 
regions. Best to avoid this situation with observing strategy!

•  ftmachine = ÔmosaicÕ uses the Fourier transform of the primary beam (the 
apeture  cross-correlation function in the uv-plane) as the gridding kernel Ð 
allowing multiple pointings to be gridded onto a single uv-plane. ÔmosaicÕ is faster 
and best choice in most cases. ÔmosaicÕ must be used for heterogeneous arrays. 
The .ßux image goes as PB2!

•  ftmachine = ‘ft’ is slower but can be more accurate for sparse arrays (SMA 
for example) and/or less than Nyquist mosaic sampling. ÔftÕ does a weighted 
linear combination of each pointing separately. The .ßux goes as PB!

•  scaletype Ð ÔSAULTÕ or ÔPBCORÕ, deconvolution always takes place on Òconstant 
noiseÓ (SAULT) image. CURRENTLY scaletype only controls what you see during 
interactive clean. If you have emission near edges can be useful to use PBCOR to 
help deÞne clean boxes!

20!

Imagermode=‘mosaic’


NOTE: Threshold applies where .ßux = 1, to clean emission near edge will need to 
clean deeper  a clean mask is essential !
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More clean!

   imagermode=‘mosaic’ always uses csclean which 

has parameters ‘cyclefactor’ and ‘cyclespeedup’



   Cotton-Schwab major cycles!


   imagermode=’csclean’ or ‘mosaic’



   returns to residual uv-visibilities at major cycles!

cycle threshold = cyclefactor * max sidlobe * max residual!


   cyclefactor: controls how often a major cycle is done, 
default = 1.5!


   Larger number means => more major cycles (clean will take longer) 
but can be more accurate, consider using for high dynamic range or 
poor psf cases!


   Cyclespeedup: if after cyclespeedup iterations, cycle 
threshold is not met, it will force a major cycle. Can help for 
a non-converging clean, default= -1, i.e. never force. Try 
cyclespeedup=50
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More Useful Options!

•  phasecenter Ð explicitly set the phase center of the image, especially useful for 
oddly shaped mosaics, or select one of the pointing phase centers to be the center 
of the map, default center is the phase center of field=0  

phasecenter=‘J2000 19h20m00 -03d30m00’


phasecenter=4 (Þeld id 4 from listobs)!

•  pbcor Ð this is True or False, corrects for the primary beam response function. 
Can be done afterwards using immath and dividing .image by .ßux. !

NOTE: For imagermode=ÔÕ or ÔcscleanÕ, and for imagermode=ÔmosaicÕ with ftmachine =ÔftÕ, 
this will be equal to contour levels in .ßux image. For ftmachine =ÔmosaicÕ, pbmin is 
still based on PB, but the .ßux image goes as PB 2. !

•  pbmin Ð cutoff level in primary beam (PB). This cutoff is applied even when 
pbcor=F for  imagermode=‘mosaic’


•  modelimage Ð used to set a single dish image as the initial model for cleaning!

22!
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Mosaic Example!

¥  Infrared dark cloud (IRDC) G24.9-0.2, red 24 μm sources are 
embedded protostars!

23!

Spitzer 3-color 
RGB= 24, 8, 3.6 μm!

White contours: 
VLA NH3 Mosaic 
with 2 pointings 
(Devine, Chandler, Brogan et 
al. in prep.) !

Mosaic primary beam 
response function!
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Mosaic Example!

¥  CARMA 8-pointing mosaic of Infrared Dark Cloud in N 2H+(1-0)!

¥  CARMA is heterogeneous array with six 10.4-m and seven 6-m dishes: 
OVRO FWHP 1.1Õ and BIMA  FWHP 1.9Õ at ~90 GHz!

24!

Spitzer 3-color 
RGB= 24, 8, 3.6 μm!

White contours: 
VLA NH3 Mosaic 
with 2 pointings 
(Devine, Chandler, Brogan et 
al. in prep.) !
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clean(vis='G24.9_n2hp_uv.ms’,imagename='G24.9.n2hp_main',

     mode='channel',interpolation='linear',

     nchan=8,start=20,width=2,

     imagermode='mosaic',ftmachine='mosaic',

     imsize=[360,280],cell='1.0arcsec',

     phasecenter='J2000 18h37m17 -07d11m30',

     interactive=T,

     restfreq='93.1737GHz',

     niter=10000, threshold=’50mJy',

     minpb=0.3)


CARMA D-conÞg. At 90 
GHz has resolution ~5Ó!
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More Imaging Options!
•  Clean parameter multiscale Ð deconvolution on multiple scales 

(resolutions), currently experimental. Can make a huge difference 
when you have extended emission and/or multiple conÞgurations. Uses 
Hogbom clean. Set scales in units of the cell(size). !

multiscale=[1,5,10] for a cell=‘2arcsec’ will use scales of 2, 10, and 
20 arcseconds!

Subparameter negcomponent Ð stop cleaning when largest scale has this many 
negative components. Helps to keep from Òdigging holesÓ (overcleaning) on 
largest scales!

Still a bit experimental and needs Þne-tuning!

¥  Task feather Ð combine a single dish and interferometric  image in 
the image-plane. If there is is good overlap in the UV-plane, and the 
relative calibration between the two is accurate this works pretty 
well!

26!
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Image Analysis!


   see Chapter 6 of Cookbook!

   task imhead - get and change image header information!


   task immoments - computes moment images of spectral cube!


   task immath - combine images and do image math!


   using Lattice Expression Language (LEL)!


   also: Spectral Index, Linear Polarized Intensity and Angle!


   task imstat  - return statistics on regions of image !


   task imval - return values for pixel or region of image !


   task imÞt - Þt a 2D Gaussian to the image!


