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Calibration



Why Calibration is needed?

The true Vij is corrupted by

• Atmospheric attenuation

• Radio “seeing”

• Variable pointing/delay offsets

• Electronic gain/delay/ phase changes

• Radiometer noise

• Correlator mal-funtions

• Most Ineterference signals
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Vij
obs = Jij Vij

True (Baseline-based) 

Vij
obs = Ji Jj Vij

True (Antena-based) 



Ji has many componets

• Atmosphere-related effects 

(Ionospheric, tropospheric) 

• Antena-related effects              

(Primary beam pattern)

• Polarization-related effects 

(Parallactic angle, Linear polarization 

position angle, Polarization Leakage)

• Electronic Gain, G :                       

most time dependent amplitude and 

phase effects

• Bandpass Response, B :              

frequency-dependent function

Ampletude : How bright?

Phase        : Where?
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Solving for Ji

The simplest model : Point source (QSOs)
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Observing Calibrator Sources

• Flux Density: ‘standard candle’ with known structure and spectral energy distribution. 

Typically observe once per observation.

• Bandpass: very bright, (line) featureless, and preferably unresolved. Typically 

observe once per observation.

• Gain: bright, preferably unresolved, accurate position near the target source. 

Observed before and after the target source more frequently than the coherence 

time.

• Polarization (pol angle and pol leakage)



Measurement Set (MS)

• CASA stores uv data in directories called ‘Measurement Sets (MS)’.

• These data sets store two copies of the data (‘columns’)

• Addtionally a ‘model’ may be stored  separately.

‘Data’         :  contains the raw MS or unprocessed MS

‘Corrected’ : created by applying one or more calibration terms 

to the ‘Data’ MS 

‘model’       :  used to calculating the calibration (tables). 

point source (phase = 0, amp = const). 



• Apply online calibrations for water vapor and Tsys

• Define the model

• setjy: set model visibilities using known model for a calibrator 

(absolute fluxes along the frequency, point source)

• fluxscale: apply absolute flux scaling to calibration talbe from known souce

• Derived Calibration Tables (‘data’/’model’)

• gaincal: calculate temporal gain calibration table (amp/phase vs time )

• Bandpass: calculate bandpass calibration table (amp/phase vs frequency)

• Manipulate our MS.

• Flagging : flag (remove) bad data

• Applycal : apply calibration table(s) from previous step (save in ‘corrected’)

• Split: split off calibrated data from your MS (‘corrected’ → ‘data’ in new MS file)

Calibration Tasks 



Tsys : System temperature

• A first-order  correction for the atmosphere opacity 

as a function of time and frequency
Tsys = Tatm ( eτ -1) + Trx eτ

ATMOSPHERE



WVR : Water Vapor Radiometry

• Measure the rapid (1 sec) fluctuation of the  182.5 GHz 

H2O line using the radiometer in each 12 m antenna

• The measure is converted into column density and 

phase correction

ΔΦ= 2πυΔτ



• Apply online calibrations for water vapor and Tsys

• Define the model

• setjy: set model visibilities using known model for a calibrator 

(absolute fluxes along the frequency, point source)

• fluxscale: apply absolute flux scaling to calibration talbe from known souce

• Derived Calibration Tables (‘data’/’model’)

• gaincal: calculate temporal gain calibration table (amp/phase vs time )
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Calibration Tasks 



• Apply online calibrations for water vapor and Tsys

• Bandpass calibration 

• remove the frequency depedency 

• Bandpass calibrator

• Gain calibration 

• remove time dependent amplitude and phase 

• Gain (Phase) calibrator

• Absolute flux calibration  (Flux calibrator → Gain calibrator )

• Apply all calibration to target

Calibration Flow II

Phase correction (in short time)  using a few channel 

(ignoring frequency-dependency) ==> bandpass

Phase correction (in short time)  → Amp cal.



• CASA tasks : 

• gaincal   :   caltable    = 'data’ / ’model’

• applycal :  ‘corrected’ = 'data’ x caltable’

• As possible as shorter time scale (for phase) and higher SNR 

Practical

Other than time domain:  SPWs and Pols (XX, YY)

SNR ∝ sqrt (Bandwidth * integration time)

# : scan



 'data’ + 'model'

'int’ (6.05s), ‘30s’, ‘inf’

‘T’ = sqrt(2) ‘G’ (XX, YY)

‘p’ = phase, 'a’ = 'amp’, ap= both



'int’ (6.05s), ‘30s’, ‘inf’

combine= ‘’ or 'spw’ ,solint=‘inf’

combine=‘scan’, solint = 'inf'

combine=‘obs'

combine=‘scan’, solint = integration time > scan time



 'data’ + 'model'

'int’ (6.05s), ‘30s’, ‘inf’

‘T’ = sqrt(2) ‘G’ (XX, YY)

‘p’ = phase, 'a’ = 'amp’, ap= both



When combine=‘spw’ in gaincal, spwmap=[0,0,0,0] , 

or the narrow spw (2) is replaced with the broader (high SNR, 0 ) spw, spwmap=[0,1,0,3]

If two gaintable are used, spwmap=[[0,0,0,0],[0,0,0,0]] 

nearst

linear/linearperobs

cubic/polynomial







Method 1 
Loop : 

tclean (datacolumn =‘data’) → gaincal → applycal (gain table X) → split (‘corrected’→ new MS )

Apply selfcal to orginal data : applycal ( gaintable= [ pcal1, pcal2, pcal3..., apcal])

Method 2
Tclean (datacolumn = ‘data’ ) → gaincal (pcal1) → apply cal (gain table X)

Loop (pcal 2 ...)

tclean (datacolumn =‘corrected’) → gain cal → applycal

apcal :  tclean(datacolumn=‘corrected’) → gaincal (gaintable=pcal3) → applycal (gaintable=pcal3)

Apply selfcal to orginal data : applycal ( gaintable= [pcal3, apcal])

Method 3
tclean (datacolumn = ‘data’ ) → gaincal (pcal1) → apply cal (gain table X)

tclean(datacolumn=‘corrected’) → gaincal (gaintable=pcal1) → applycal (gaintable=pcal1)

tclean(datacolumn=‘corrected’) → gaincal (gaintable=[pcal1,pcal2]) 

→ applycal (gaintable=[pcal1,pcal2])

Apply selfcal to orginal data : applycal ( gaintable= [ pcal1, pcal2, pcal3..., apcal])

Methods for the Selfcalibration



Preparations



Downloads 



Downloads 



Downloads 
In the download script file, please check the server



Extract 

uid____XXXXX.weblog.tgz

pipeline-XXXXX/html (directory)



Open the weblog 

https://help.almascience.org/kb/articles/what-is-the-best-way-to-view-the-weblog



Open the weblog 

> casa –pipeline

CASA: h_weblog()



Open the weblog 

cd ALMA2022

option 1) python3 –m http.server 8080 –bind 127.0.0.1

option 2) qaviewer

In the browser (Activity -> Firefox)

http://127.0.0.1:8080/weblog_img/index.html

Ports : 

Guest 11 → 8081

Guest 12 → 8082

...

Guest 18 → 8088



Open the weblog 

In .bashrc

alias qaviewer='google-chrome --disable-web-security –user-data-dir=~/tmp’

> qaviewer index.html 



First look 

at the weblog
Check Results (Images)



Install the same CASA version

Run the ‘scriptForPI.py’ in the script directoy using ‘casa –pipeline’



Click Figures (to see large ones) and blue words!





Calibration 

+ 

Imaging











• Beam sizes : 0.379 x 0.358 arcsec

• Sensitivity : 

- Theoretical vs. non-pbcor RMS

( 36 uJy   vs 280 uJy) 

- Peak/RMS ~ 0.0687/0.00028 ~ 245 

(> 100 : dynamic range limited)

➔ Try Selfcalibration!!

• Aggregate bandwidth : 1.72 GHz

• Frequecny : 309.208 GHz



Aggregate Bandwidth : Only line-free chanels



Aggregate Bandwidth : Only line-free chanels



QA2 Criteria : Beam size  and sensitivity

Continuum : 

proposed RMS > 1.1~1.2 x non-pbcor RMS x sqrt(aggregate BW/ proposed BW) 



• Beam sizes : 0.379 x 0.358 arcsec

• Sensitivity : 

- Theoretical vs. non-pbcor RMS

( 36 uJy   vs 280 uJy) 

- Peak/RMS ~ 0.0687/0.00028 ~ 245 

(> 100 : dynamic range limited)

➔ Try Selfcalibration!!

• Aggregate bandwidth : 1.72 GHz

• Frequecny : 309.208 GHz
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First look 

at the weblog
Check Observation and Calibartion



> cd ../web_cal/ 

>python3 -m http.server 8080 - -bind 127.0.0.1

In the browser

http://127.0.0.1:8080/weblog_cal/index.html





→Tsys

→Water vapor radiometer





EX) Mulitple points









PWV









WVR

Tsys

Science







Total unflaggedAntena : 42 

Flagged                        :   3

Total flagged Antena     :  39  > 35









Flux calibter should be 

monitored within a week



Check the consistency in Flux ratio!



Check the consistency in Flux ratio!





Use this reference antenna during the selfcalibration





Bandpass  (Amp vs. Freq) 

: check the outlier or line







Phase calibrator  ( Amp vs. Freq) 

: check the outlier or line 

(contribution of line to the total BW)



Bandpass  (Amp vs. UVdist) 

: check the outlier and uv dist -independent



Phase  (Amp vs. UVdist) 

: check the outlier and uv dist -independent



ALL  (Amp vs. UVdist) 

: check the outlier



Target  (Amp vs. Freq) 

: check the outlier



Target  (Amp vs. uvdist) 

: check the outlier









Before the flagging 

Amp vs. Time.



Before the flagging 

Amp vs. uv dist.



After the flagging 

Amp vs. Time.



After the flagging 

Amp vs. uv dist.









RMS is improved by  1.93



RMS is improved by  1.93











Renomalization: bright (CO) line emission



CASE1 : data don’t trigger renomalization

CASE II : data trigger renomalization (not applied)

CASE III : data trigger renomalization (applied)







Renormlization spectra =  ( Target AC) / (Bandpass AC)









Due to extended 

CO emission


