
Other Imaging Techniques Like Self-Calibration and Data Combination 

Slides by Dominic Ludovici and Emily Moravec for self-calibration, and  
by Adele Plunkett and Emily Moravec for data combination
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A Quick review of calibration
Interferometers measure “visibilities”: the amplitude 
and phase information of the cross-correlated 
signals between pairs of antennas. 
The true visibility is corrupted by many effects: 
Antenna based: 

– Atmospheric attenuation 
– Radio “seeing” 
– Variable pointing offsets 
– Variable delay offsets 
– Electronic gain changes 
– Electronic delay changes 
– Electronic phase changes 

Baseline based: 
– Radiometer noise 
– Correlator malfunctions 
– Most Interference signals



A Quick review of calibration
Interferometers measure “visibilities”: the amplitude and phase 
information of the cross-correlated signals between pairs of 
antennas. 

We calibrate these data by determining the complex gains 
(amplitude and  phase) and the frequency response (bandpass) 
for each antenna. To do this, we observe a bandpass, flux, and 
phase calibrator 

Discussion: 
What is special about the calibrators? 
There are lists of calibrators for both ALMA and VLA.  What makes 
them special?

Phase vs UVdist
VLA Flux Calibrator 3C138
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A Quick review of calibration
Interferometers measure “visibilities”: the amplitude and phase 
information of the cross-correlated signals between pairs of 
antennas. 

We calibrate these data by determining the complex gains 
(amplitude and  phase) and the frequency response (bandpass) 
for each antenna. To do this, we observe a bandpass, flux, and 
phase calibrator 

Discussion: 
What is special about the calibrators? 
There are lists of calibrators for both ALMA and VLA.  What makes 
them special?

• Sources are monitored
• Well known Flux and structure

• High SNR
• Point source (preferred) 
• No spectral Features (Bandpass)
• No short term variability

Phase vs UVdist
VLA Flux Calibrator 3C138
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Correcting Visibilities

Using a model, we can determine 
corrections to make the data look like 
what we expect. 

Calibration 
Tables

Apply 
Calibration
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Models: Point Source

Fundamental Radio Astronomy II, 
Synthesis Imaging Workshop 2023, Rick 
Perley, NRAO/Socorro
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Models: Slightly resolved source

Fundamental Radio Astronomy II, 
Synthesis Imaging Workshop 2023, Rick 
Perley, NRAO/Socorro
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Models: Disk

Fundamental Radio Astronomy II, 
Synthesis Imaging Workshop 2023, Rick 
Perley, NRAO/Socorro
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Not a calibrator!

• This source is not a calibrator, it is a 
science target.  

• Discussion: What is stopping you from 
using this source as a calibrator? 

• Good news!  YOU CAN! 
• Any source can be a calibrator if you have a 

good model of the source.
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Creating your own model

• Tclean creates models using the clean 
components when running. 

• If what you clean is real, you can use the 
model for calibration. 

• CAUTION: If you add sources that are not 
real, you can create fake structure in your 
data. 

• This is more of a concern if the array has a 
small number of antennas such as the ACA, 
GMVA, EHT, or VLBA
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Why self calibration?

• ALMA (and the JVLA) have such impressive sensitivity that what 
you achieve is often limited by residual calibration errors! 

• To surpass this, many objects have enough Signal-to-Noise (S/N) 
that they can be  used to calibrate themselves to obtain a better 
image. This is self-calibration. 

• Sometimes, the increase in effective sensitivity may be an 
order of magnitude! 

• It is not a circular trick to produce the image that you want. It works 
because the number of baselines is much larger than the number of 
antennas so that an approximate source image does not stop you 
from determining a better temporal gain calibration which leads to a 
better source image. 

• Self-calibration may not be included in the data pipelines, for now... 
• …so, it’s best you learn how to do it
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Why self calibration?

• The Phase calibrator brackets the 
target observations.  
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Outline of Self-Calibration Process:
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SNR for self-calibration:
• For phase only self-cal: Need to detect the target with a S/N > 3 in a solution time (solint) less than the time for 

significant phase variations for all baselines to a single antenna.  
• For amplitude self-cal: Need to detect the target with a S/N > 10 with only the baselines to a single antenna in a 

solution time (solint) less than the time for significant amplitude variations. For 25 antennas, an antenna based S/
N > 10 will lead to a 10% amplitude error. 

• Amplitude corrections are more subject to deficiencies in the model image.  Check results carefully! 
• For example, if clean model is missing significant flux compared to uv-data, give uvrange for amplitude 

solution that excludes short baselines. 
• Additional S/N for self-cal can be obtained by: 
• Increase solint (solution interval) 

• If errors that are directional rather than time dependent, self-calibration  solutions can yield surprising 
improvement even for solints that span the entire observation. Antenna position errors are a good example. 

• gaintype= ‘T’ to average polarizations 
• Caveat:Only if your source is unpolarized 

• Combine = ‘spw’ to average spw’s (assumes prior removal of spw to spw offsets) 
• Caveat:If source spectral index/morphology changes significantly across the  band, do not combine 

spws, especially for amplitude self-cal 
• Combine = ‘fields’ to average fields in a mosaic (use with caution, only fields with strong signal)
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SNR for self calibration:

• For amplitude self-cal: Need to detect the target with a S/N > 10 with only the baselines to a single antenna in a 
solution time (solint) less than the time for significant amplitude variations. For 25 antennas, an antenna based S/
N > 10 will lead to a 10% amplitude error. 

• Amplitude corrections are more subject to deficiencies in the model image.  Check results carefully! 
• For example, if clean model is missing significant flux compared to uv-data, give uvrange for amplitude 

solution that excludes short baselines. 
• Additional S/N for self-cal can be obtained by: 
• Increase solint (solution interval) 

• If errors that are directional rather than time dependent, self-calibration  solutions can yield surprising 
improvement even for solints that span the entire observation. Antenna position errors are a good example. 

• gaintype= ‘T’ to average polarizations 
• Caveat:Only if your source is unpolarized 

• Combine = ‘spw’ to average spw’s (assumes prior removal of spw to spw offsets) 
• Caveat:If source spectral index/morphology changes significantly across the  band, do not combine 

spws, especially for amplitude self-cal 
• Combine = ‘fields’ to average fields in a mosaic (use with caution, only fields with strong signal)
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Automated Self-Cal

• There is now 
Automated self-cal 
for individual 
pointing continuum 
observations (Not 
mosaics). 

• Will also be available 
in the cycle 10 
pipeline.

17Self-Calibration • Data Combination



• ALMA Self-cal Tutorial
• https://casaguides.nrao.edu/index.php?title=First_Look_at_Self_Calibration_CASA_6

• VLA Self-cal Tutorial 
• https://casaguides.nrao.edu/index.php?title=VLA_Self-calibration_Tutorial-CASA6.4.1  

• I-TRAIN #6: Improving image fidelity through self-calibration 
• Video, scripts, and data 

• https://almascience.eso.org/tools/eu-arc-network/i-train 

• ALMA memo 620 
• https://library.nrao.edu/alma.shtml - #620 

• Crystal Brogan’s 2018 paper 
• Brogan, C. L., Hunter, T. R., & Fomalont, E. B. 2018, arXiv e-prints, arXiv:1805.05266

Self-Cal Resources
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https://casaguides.nrao.edu/index.php?title=First_Look_at_Self_Calibration_CASA_6
https://casaguides.nrao.edu/index.php?title=VLA_Self-calibration_Tutorial-CASA6.4.1


Data Combination 



ALMA is 3 arrays in 1 
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12m array

Atacama Compact Array 
7m array

Atacama Compact Array  
Total Power (TP) array

Atacama 12m array



~2 km

7m

Total 
Powerbaselines up to 16 km…
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Array combination 
setup
Source: Cycle 10 Technical Handbook



Why do we want to combine 
configurations?
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12m 7m TP

12m + 7m

Source: https://casaguides.nrao.edu/index.php?
title=M100_Band3_Combine_6.4

https://casaguides.nrao.edu/index.php?title=M100_Band3_Combine_6.4
https://casaguides.nrao.edu/index.php?title=M100_Band3_Combine_6.4
https://casaguides.nrao.edu/index.php?title=M100_Band3_Combine_6.4
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Example: DiRienzo+15 Interferometer: EVLA NH3

Single Dish: GBT NH3

SD + Int

+

To maximize flux recovery and image quality 
you want a single dish size of D> 2 x Bmin 

VLA D-config Bmin 35m -> 75m



Plunkett et al. (2023) - Data Combination: Interferometry and 
Single-dish Imaging in Radio Astronomy 
See also: https://github.com/teuben/DataComb 

Aims: 
• Uniform, reproducible method to perform several data combination 

techniques 

• Which method(s) results in the “best” image quality? 
• How do we quantify the image quality of data combination? 
• In what scenarios do we need data combination?
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Combination methods
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Results 
(qualitative)
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Results:
• Uniform, reproducible method 

• Plunkett et al. (2023) and https://github.com/teuben/DataComb  

• Which method(s) results in the “best” image quality? 
• SDINT and MACF methods show subtly better quality than others. 
• ALMA recommends feather currently as the task SDINT is under testing 

• How do we quantify the image quality of data combination? 
• Accuracy-parameter (A-Par) 
• See Plunkett et al. (2023), Sec. 5.2: Accuracy Parameter and Fidelity: Assessing Flux Recovery 

• In what scenarios do we need data combination? 
• If extended emission present, then any combination seems to help 
• Examine: spatial power spectrum; source structure; spectral shape

https://github.com/teuben/DataComb


• ALMA Data Combination CASA Tutorial
• https://casaguides.nrao.edu/index.php?title=M100_Band3_Combine_6.4

• Plunkett et al. (2023) - Data Combination: Interferometry and 

Single-dish Imaging in Radio Astronomy 
• See also: https://github.com/teuben/DataComb - scripts 

• https://ui.adsabs.harvard.edu/abs/2023PASP..135c4501P/abstract

Data 
Combination 

Resources
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http://www.apple.com
https://github.com/teuben/DataComb

