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Aims & …

• You can make your own image from the proposed/archive data.

• You already found adequate ALMA data 

• Band (Frequencies)/ Beam sizes (configurations)  

• When No image product in archive

• When you want to (slightly) modify the image

• Generally, there are NO Calibration issues because the issues are already checked by ARC 
( QA0-2 pass)

• Download ALMA data 

→ 1) Run the scriptForPI.py file & Restore the calibrated data 

2) Request the calibrated data to EA ARC via helpdesk

→ Ready to imaging (tclean)



NRAO Synthesis Image Summer 
school/workshops.

https://web.cvent.com/event/90ae72df-7675-41b5-b056-48af11e1aa7f/summary

There are excellent lecture materials on interferometry available online, 
and if you want to gain a deeper understanding, I recommend watching the lectures
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Quick Basics for ALMA imaging process

• Scales

• Visibility data/ Dirty beam / Dirty Image ..

• Deconvolution (clean)

• Image parameter selection
• Pixel size/image size 

• Weightings (Natural- Briggs – Uniform)



Scales

• Angular Resolution (beam size) 

• depend on the longest baseline

• 0.2” x  (300 GHz/Freq) x (1 km/longest baseline)

• Maximum Recoverable Scale (MRS) 

• depends on the shortest baseline (  ~10 x beam size)

• 1.4” x  (300 GHz/Freq) x (150m/shortest baseline)

• When the emission is more extended than MRS, the 
emission is resolve out → multiple configuration or 
ACA and TP are added.

• Field of View (FOV)

• FWHM of the 12m telescope primary beam 

• ~19 arcsec (33 arcsec) @ 300 GHz for 12m (7m)

• Area of target is larger than 1/3 FOV, mosaic 
observation.
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ALMA provide multi-configurations
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image pbcor

Antenna Primary Beam Response

I(l,m)I(l,m)A(lm)

##.image                 ##.pbcor 

The signal received incorporates the A(l,m).
You should use the pbcor for science!!



Visibility (V) and Sky Brightness (I)

(u,v) : UV plane , distributions of Antenna pairs
(l,m) : R.A. and Dec. in sky

V(u,v), the complex visibility function, is the 2D Fourier 
transform of I(l,m), the sky brightness distribution
(van Cittert-Zernke theorem)



Fraunhofer diffraction pattern 

 

PSF is Fourier Transform of Aperture shape.

Caution: Although the PSF (dirty beam) is the Fourier transform of the aperture shape (UV distribution), the details are quite different.



@ALMATechnical Handbook

Dirty beam (PSF) 
& 

Dirty image 
(PSF-convolved 

image)



Primary beam (single dish) vs. Dirty Beam

I(l,m) I(l,m)A(lm)

##.pbcor        = ##.image / ##.pb

Dirty beam

Dirty beamPB: Primary beam

PB: Primary beam



Dirty image vs. cleaned image



Deconvolution (tclean) 

See ‘An introduction to CLEAN’ (https://youtube.com/watch?v=fF3KetPUyFE)

UV plane
Image 
plane
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Major Cycle (in UV plane) :

1. Compute the fast Fourier transform (FFT) of the current 
model image
2. Subtract this from the observed visibility data
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Deconvolution (tclean) 

See ‘An introduction to CLEAN’ (https://youtube.com/watch?v=fF3KetPUyFE)

UV plane
Image 
plane

Minor Cycle (in Image plane) :

1. Find the brightest peak P in the dirty image
2. Measure the position of the peak (xp,yp)
3. Shift the PSF (Dirty beam) to (xp,yp), multiply 

the PSF by loop gain γ times P, and subtract 
this from the dirty image

4. Add a point source with flux γP to the model 
at (xp,yp)



Deconvolution (tclean) 

See ‘An introduction to CLEAN’ (https://youtube.com/watch?v=fF3KetPUyFE)

UV plane

Major Cycle (in UV plane) :

1. Compute the fast Fourier transform (FFT) of the current 
model image
2. Subtract this from the observed visibility data
3. Grid the residual visibilities with the weighting function
4. Apply the inverse fast Fourier transform (IFFT) to produce 
the residual image

Image 
plane



Dirty beam (PSF)Model

image residual

Cleaned Image 
= 

Model convolved 
with main lobe 

of PSF 
+

Residual image

Deconvolution (tclean) 



Image Parameter Selection

• pixel size : 5-8 times of minor axis of beam

• Image size : cover the Primary Beam

• specmode : 
• Continuum : ‘mfs’ (multi-frequency synthesis) 

• Line          :  ‘cube’ 

• Deconvolver : ‘Hogbom’, ‘Clark’(fast,simple), ‘multi-scale’; 
‘mtmfs’ 

• Niter/threshold : how many to clean before stopping



Image Parameter Selection

• Weightings
• Default is Briggs weighting with robust =0.5

• +2 : Natural   & -2 : Uniform

• Uniform : Higher resolution

• Natural  : Higher SNR or Accurate flux

Natural Uniform



Image Parameter Selection

• Taper 
• Make larger beam size : gaussian smoothing

• UV range
• If you compare the flux between observations, you need to 

• If a few short baseline make stripes or a few long baseline make 
tile-like features, you can exclude them.



Download Data
1. Download data (raw + auxiliary data) from ALMA Science 

Portal & Restore it using casa pipeline

2. Request the calibrated data via helpdesk

(even case 2, download the auxiliary data for weblog)



https://almascience.nao.ac.jp/aq/











Each Member OUS (or SB) may have the following files available for download:

readme A text file with very basic information

product Final images and image cubes

auxiliary A file containing logs, quality assurance information, scripts, and calibration data

raw Raw visibility data

external Enhanced data products (including enhanced images or visibility data) created after the data delivery



In download_XXX.sh, check the server!!



Project - All observations associated with a specific proposal.

Science Goal OUS - All observations associated with a specific science goal   
in that proposal.

Group OUS – Associated observations within a Science Goal (e.g., 
observations of the same fields with the same spectral tunings but 
with different arrays or array configurations.

Member OUS – A specific set of observations of the same fields using the 
same tunings and array or array configuration.

Execution block – An individual “unit” of the observations needed for a 
Member OUS.



In script directory,
➢ casa(4.7.2) –pipeline
➢Execfile(‘scriptForPI.py’)



https://www2.nao.ac.jp/~eaarc/DATARED/calibrated_ms_request.html

Request it 
via 

Helpdesk

• Only interferometric data ( not single-dish data)
• Up to 5 SBs at one time.
• You can download it after 2 weeks.











- Your affiliation
- Project Code and SB name of the data
(up to 5 SBs)



Weblog
We can find important information and parameters



uid____XXXXX.weblog.tgz

pipeline-XXXXX/html (directory)



Open Weblog https://help.almascience.org/kb/articles/what-is-the-best-

way-to-view-the-weblog



Open weblog



When run ‘tclean’,

If Calibration using < CASA 4.3, then should use the same version

Else If Calibration using >= CASA 4.3, It is OK using recent version, 

but recommend that using the same version.







Listobs in casalogger

Check the field ID and Spw ID



listobs (‘calibrated.ms’)



listobs (‘calibrated_final.ms’)









You can find which spw targeted line is in.  



Calibration process

Imagig process



Line channel 
For uvcontsub



Line channels 
for uvcontsub



SPWs of 19,23,25,27 are renamed with 0,1,2,3



Zoom in : Drag the box

Zoom out : right mouse button

For continuum 

1. Click the ‘zoom’ icon

1. Drag the zoom area 
2. Right button : full area



1. Flag (delete) line channels. 

Preparing the continuum ms file (1).



Preparing the continuum ms file.

2. Average channels  



Check UV distance(wave) vs. Amp



1: 234.279

4: 231.2

0: 218.083

2: 220.379

3:219.540

Check UV distance(wave) vs. Amp



Discreate UV coverage might produce some features..



Cell and Image sizes used in tclean



Beam sized and theorical rms level 
according to robust parameter.





For line imaging, set  threshold = 3 rms level

Real rms level 
could be higher 
than this value.



tclean for continuum image





Deconvolver

hogbom : default
clark
clarkstokes : for polarization
multiscale : Extented sources

scales =[0,5,15] (in unit of pixel)
[point, beam size, 3~5 x beamsize]  

mtmfs : Multiterm(multiscale) + multifrequency
too broad frequency is covered in the continuum 

imaging and emission varies with frequency.











Zoom-in (out): double clikc inside 
(outside) the region



Region: make mask where we extract 
the model signal



Double click inside the circle makes 
the ‘mask region’ where the signal 
is extracted





iter=100 iter=200
iter=300

iter=400 iter=500 iter=600



When you make ‘mask’ where you trust there are ‘Real’ signal, then rms = 0 is  OK.
However, other case, do not clean down to 3 sigma rms level.

iter=700 iter=800 iter=900



Products 
of ‘tclean’



tclean for line cube image



Input parameters are changed in the 
recent CASA.

uvcontsub(vis=vis_c18o,
outputvis=linevis,
fitspec =fitspw,
fitorder=0)







specmode = ‘cube’  ‘mfs’ for continuum

restfreq = frequency of the targeted line

Niter  should be increased by niter (for continuum) x nchan



Mask

• You set mask for every channels or the same mask for all 
channels.

• Automasking
• usemask=‘auto-multithresh’

• Threshold= ‘## mJy’  # 3 * rms level



Automasking

https://casaguides.nrao.edu/index.php/Automasking_Guide_CASA_6.5.4





- Save the niter and threshold to run the script automatically.
- Rename the ‘imge.mask’  to ‘image_mask.mask’
- When you run the automatic script,   add/change the script   

mask = ‘image_mask.mask’
Interactive = False

When you rerun the ‘tclean’, add following paramters,
calcpsf=False
calcres=False
Because we already have ‘##.psf’ and ‘##.residual’ and we do not need to make these 

again.

For parallel tclean (for line data)

In the script for tclean, parallel = True

/###/bin/mpicasa –n 10 /###/bin/casa –c  ***.py

Tips.



Exam: Uniform (uvrange > 80m) 

Dirty map (niter=0) Final residual map
Gap and rings in Dirty 
map is due to sidelobe 
of PSF. Thus, after several 
iteration of clean process, 
the feature disappear 
and become noise-like.


