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Calibration basics

Why do we need to calibrate our data?

What are the calibration steps?

How do I know that the calibration was successful?



Ideal interferometer



Ideal case



Real case: possible error sources

bad positions 
(antennas and source)

delay errors

Perturbed wavefront due 
to atmosphere

phase errors

non-identical 
electronics/gains

amplitude errors



More sources of error



Radio interferometry measurement equation

Calibration solves for each parameter (when required)

Assumptions: Calibration parameters are antenna based. 
Time and frequency effects are independent

Slide credit: George Heald
ERIS2015 - 06/09/2015



Real case

Bandpass shapes

Instrumental delay

Atmosphere

Source elevation

Intrinsic flux 

variation

Atmosphere



Target



Which sources do we observe?

● Bandpass calibrator (BC): Quasar (strong, point-like source)

● Flux calibrator (FC):        Quasar (needs flux density monitoring)
             OR
                  Solar System Object (needs flux density model)

● Gain calibrator (GC):      Point source close to target on sky

● Target (T)

can be the same

BC FC GC T GC T GC T GC T GC T GC
time



Phase-referencing

GC T GC T GC T GC T GC T GC
time

Source
Gain calibrator

Calibrator source close to target on sky (within a few degrees) 

to be affected by the same part of the atmosphere 

Phase-referencing cycle fast enough to trace temporal 

changes in atmosphere   



Calibrator properties (ideal case)
Point source:
• unresolved on all baselines → 

amplitude is the same on all 
baselines

• All sky brightness comes from single 
point → phases are flat/zero as 
function of baseline and time

• Quasars have flat spectra or known 
spectral indices

Bright sources to achieve high signal-to-
noise ratios in small on-source time!



Three calibration steps
Primary calibration: 

● Remove effects of the instrument
● Bandpass; variation in receiver noise (Tsys); effects of shadowing; 

antenna positions
Secondary calibration: 

● Remove effect of the atmosphere 
● Atmospheric variability (phase); atmospheric attenuation as function 

of time (Tsys)
● Scale to correct flux (flux calibrator)

Self-calibration: 
● Remove residual time dependent corrupting effects (target)



Primary calibration - bandpass calibrator

Bandpass

Instrumental delay
Atmosphere

Apply corrections to other calibrators and target

True Observed
uncalibrated
instrumental delay
fully calibrated



Secondary calibration - flux calibrator

Visibility amplitudes from correlator have arbitrary scaling.

Use strong, point-like source with known flux density or solar system object 
with well-known flux density model to convert these amplitudes into physically 
meaningful values

Apply scaling factors to other sources using, e.g. setJy and fluxscale in CASA 



Secondary calibration - gain calibrator

uncalibrated  Bandpass  Phase calibration  Self-calibration

True Observed



Secondary calibration - phase-referencing

GC T GC T GC T GC T GC T GC
time



Which source gets which calibration solution?



Manual vs pipeline calibration
Weblog review



Manual calibration
uid__XXXXX_scriptForCalibration.py

Diagnostic files under:

project_code/

science_goal.sous/

group.gous/

member.mous/

qa/

*.png



Pipeline calibration - Weblog
casa_pipescript.py 

casa_piperestorescript.py 

weblog : 

gunzip and untar 

weblog.tar.gz 

cd weblog-date/html/ 

and open index.html



Measurement set overview



Intent vs time

Flux density calibrator
Bandpass calibrator

Gain calibrator

Target

Pointing

Water vapour radiometer



Measurement set overview



Precipitable water vapour



Measurement set overview



Antenna positions



UV coverage



Pipeline calibration - Weblog
Warnings & Errors / Flagging Summary



Warnings and Errors



Flagging summary



Pipeline calibration - Weblog
Warnings & Errors / Flagging Summary

Task List



Calibration tasks
Task QA Score Duration



Tsys

Tsys - sensitivity of each antenna 

with time (atmosphere & receivers)

Correct for sky and receiver noise/variation



Water vapour radiometer correction

Variations in the amount of water vapour 

lead to atmospheric phase fluctuations 

(very short timescales < 1 min)
Phase noise should decrease

—> If not, pipeline will not apply the 

correction



Bandpass calibration



Bandpass calibration



Flux calibration



Flux consistency
Flux calibration of phase calibrator

Compare with 
https://almascience.eso.org/sc/

Absolute flux density error: ~10-15%



Phase calibration
Phase and amplitude corrections to be applied to the target



Applying all calibrations

Apply all corrections to:
- calibrators themselves
- science target



Phase calibration



The target



Tweak the pipeline

Add extra flagging in 
calibration/*flagtemplate.txt 
and re-run casapipescript.py

Extra flagging needed for 
the atmospheric line

More details at:
“Tweaking the pipeline script” by R. Miura (NAOJ)
https://alma-intweb.mtk.nao.ac.jp/~saigo/EAARC_CASA/reference/TweakPipeline.pptx.pdf

https://alma-intweb.mtk.nao.ac.jp/~saigo/EAARC_CASA/reference/TweakPipeline.pptx.pdf


Need help?

If you have any questions or need help with your data, 
please contact us at

alma@strw.leidenuniv.nl

We are happy to help!



Self - calibration 
A short intro!





After self-cal images errors remain
Phase errors:

- emission is smeared – astrometry degraded 
- visibility amplitudes are decorrelated à flux density reduced 
- weak emission undetectable 
- excess noise 
- anti-symmetric artefacts 

Amplitude errors: 

- spotty of stripy emission 
- flux density lower than expected 
– symmetric artefacts 
- noise increased 

Phase-reference solutions 
positive & negative artefacts 
- phase-errors dominate 

Self-calibration phase 
only 

Symmetric artefacts 
remain - amp. errors 

Self-calibration phase 
followed by amplitude 

From CASAGUIDE
On NGC3256



Self calibration – a short short summary
• Self-calibration the target ITSELF to better calibrate the antenna-based complex gains (i.e., amplitudes 
and phases) as a function of time. 
• By creating a model of the target, you can calibrate the target itself. You can get a model of your source 
through an initial image of your source. 
• There are two types of self-calibration: 1) Phase and 2) Amplitude & Phase 



The “self-cal” cycle 

After calibration
à Initial Image

Low S/N ? 

Stop! 

Clean Data
à New Image
tclean

First round, on calibrated ms

Calibrate 
Phases
gaincal

Compare clean model 
to original data, derive 
solutions 

Repeat cycle Lowe S/R ?
Or no improvement? 

Stop! 

Clean Data
à New Image
tclean

On most recent 
calibration, 
applycal

Calibrate Amp  
& Phases
gaincal

Inspect Data

Compare initial and 
final data 

Use longer
solint

Compare clean model 
to original data, derive 
solutions 

shorten solint
with each cycle



Sensitivity considerations
For phase self-calibration:
Need to detect the target with a S/N > 40 in a solution time (solint) for 40 ALMA antennas 

Solint’s vary from scan length (~ mins), or integration time (~ secs), or longer 

How to estimate your chances of success : 
- measure rms in emission-free region of your map ; measure peak in the map à Peak/rms is your S/N 

If dominated by extended emission, estimate the flux density on the longer baselines (by plotting the uv-data). If 
the majority of baselines cannot "see" the bulk of the emission (i.e. emission is resolved out) at a S/N of about 3, 
the self-cal will most likely fail. 

For amplitude self-calibration:
Need to detect the target with a S/N > 100 in a solution time (solint) 

Amplitude corrections are more subject to deficiencies in the model image. 



For more details…
Please go to I-TRAIN…. 

https://almascience.nrao.edu/tools/eu-arc-network/i-train

https://home.strw.leidenuniv.nl/~alma/doc/allegroDRC/selfcal.html

https://almascience.nrao.edu/tools/eu-arc-network/i-train
https://home.strw.leidenuniv.nl/~alma/doc/allegroDRC/selfcal.html


Thank you for your attention ! 


