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Overview 2

• A demonstration of calibration essentials

– Concentrate on calibration strategy and effects

– Continuum total intensity

• Get a flavor of how to use CASA to calibrate

– Let‘s not get bogged down in syntax and subtlety today (we‘ll do 

that tomorrow)

• Fill, plot, flag, (plot), solve, (plot), apply, (plot), (image)



The interferometer in practice: the need for calibration

• For the ideal interferometer the phase of a point source at the phase 

center is zero, because we can correct for the known geometric delay

• However, there are other sources of path delay that introduce phase 

offsets that are telescope-dependent; most importantly at submillimeter 

wavelengths these are water (vapour and liquid) in the troposphere, and 

electronics

• The raw amplitude of the visibility measured on a given baseline 

depends on the properties of the two telescopes (gains, pointing, etc.), 

and must be placed on a physical scale (Jy)

• There may be frequency-dependent amplitude and phase responses of 

the electronics

• There may also be baseline-based errors introduced due to averaging in 

time or frequency

• We must observe calibration sources to derive corrections for these 

effects, to be applied to our program sources
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Contributors to the Calibration Problem

• Telescope-based components from:

– Ionospheric Faraday rotation (important for cm, not for submm)

– *Water, Oxygen in the troposphere (important for submm)

– Parallactic angle rotation

– Telescope voltage pattern response

– Polarization leakage

– *Electronic gains

– Bandpass (frequency-dependent amplitudes and phases)

– Geometric (delay) compensation (important for VLBI)

• Baseline-based errors due to:

– Correlated noise (e.g., RFI; important for cm)

– Frequency averaging

– Time averaging (important for submm because of the troposphere)
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Evaluating the calibration

• Are solutions continuous?

– Noise-like solutions are just that—noise

– Discontinuities indicate instrumental glitches

– Any additional editing required?

• Are calibrator data fully described by antenna-based effects?

– Phase and amplitude closure errors are the baseline-based residuals

– Are calibrators sufficiently point-like?  If not, self-calibrate

• Any evidence of unsampled variation?  Is interpolation of solutions 

appropriate?

– Reduce calibration timescale, if SNR (and data) permits

• Evidence of gain errors in your final image?

– Phase errors give asymmetric features in the image

– Amplitude errors give symmetric features in the image
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The Observation:
• Science:

– 7mm continuum observations of SNRs and HII regions in the 

starburst galaxy M82

• VLA B-configuration (also D-configuration, later)

• Sources (B-config):

– Target source: M82

– Near-target calibrator: 0958+655 (4.1 deg from target; unknown 

flux density, assume 1 Jy initially)

– Flux density calibrator: 3C147 (0.91 Jy), also observations of 

0713+438 (0.29 Jy) at the end

• Signals:

– RR, LL (and RL, LR) correlation, total intensity

– Two 50 MHz ―channels‖, centered at 43.315 and 43.365 GHz

• [aside: for the EVLA and ALMA all observations will have many more 

than two channels!]
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The Data: listobs, plotxy

• listobs : a dataset (MS) summary

• plotxy : data (MS) plotting

– will be superceded by plotms soon
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The Data: plotxy 8



The data (M82 B-config)

• 24 antennas…  276 baselines 

• …with 2 ―spectral windows‖ at each timestamp

• …with 1 ―channel‖ in each spectral window

• …and 4 correlations: RR,RL,LR,LL  (we care only about 

RR, LL today)

• 3.33s integrations for 2h50m

•  ~1.5M spw/baseline/time points for each correlation

• Four radio sources:

– 0542+498 = 3C147 = flux density calibrator: one scan, ~270s

– 0958+655 = 09588+65339 = gain calibrator:  73 scans,  ~50s each

– 09559+69408 = M82 = science target: 73 scans, 110s each

– 0713+438 = alternate flux density calibrator: one scan (ignored)
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Flagging: flagdata

• Manually-selected flagging

– ―Known‖ bad data, e.g., from observing logs

• Auto-flagging

– ―quack‖  (bad integrations at scan beginnings)

– ―clip‖ (excessively discrepant data)
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Flagging: flagdata  (mode=‘quack’) 11



Flagging: flagdata  (mode=‘manualflag’) 12



Calibration:  solve then apply 13
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Calibration models: setjy

• For point sources, a flux density, if known

– (If flux density is unknown, use 1.0 Jy)

• For resolved sources, a model image

– E.g., supplied by observatory

– Self-calibration…
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Calibration models: setjy 15



‘Gain’ calibration: gaincal

• Time-dependent amplitude and phase

– per antenna, spectral window, polarization

• Antenna-based solutions:
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‘Gain’ calibration: gaincal

• With prior calibration (upstream and downstream terms)

• Basic calibration solver is generic

• A matrix equation: beware of commutation rules

– E.g., polarization terms which are not diagonal

– CASA calibration enforces commutation rules for you
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‘Gain’ calibration: gaincal 18
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Calibration solution evaluation: plotcal

• Provisional calibration plotting task

– to be superceded by plotms soon!
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Calibration solution evaluation: plotcal 20



M82 Calibration Sequence

1. Fast, per-integration provisional phase-only solution, for 

use in slower amplitude solution

2. Per-scan amplitude-only solution

3. Per-scan phase-only solution (fast solution discarded)

4. fluxscale to correct for unknown gain calibrator flux 

density 

5. applycal to generate calibrated data on calibrators and 

science target
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Flux density calibration: fluxscale

• Correct for incorrect flux density assumptions in gaincal 

solutions

– Enforce constant mean gain amplitude among calibrators (referred 

to a flux density calibrator)

– Yields flux density estimate for calibrator
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Flux density calibration: fluxscale 23

• TBD: selection of specific timerange(s) and antennas to limit 

scaling calculation 



Calibration accumulation: accum

• Optional

• Accumulates calibration solution tables into a single cal 

table, prior to (optional) application to data 

– Transfer among fields (e.g., calibrator to target)

– Sampling, interpolation

• In this demo, we use accum to illustrate calibration 

transfer and interpolation
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Calibration accumulation: accum 25



Calibration application: applycal

• Generates calibrated data

– Transfer among fields

– Interpolation
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Calibration application: applycal 27



Other calibration tasks, options

• bandpass: channel-dependent gaincal

• polcal: instrumental polarization

• blcal: baseline-based gains (use with great care!)

• smoothcal: smooth calibration solutions

• uvcontsub/uvcontsub2: continuum estimation/subtraction

• Additional calibration options:

– combine : combine data on field, spw, scan axes

– solnorm: normalize solutions

– gaintype=‗T‘, ‗GSPLINE‘; bandtype=‗BPOLY‘

– spwmap: transfer calibration among spws

– opacity: correct for absorption

– gaincurve: correct for antenna efficiency elevation-dependence 
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Self-calibration

• Calibration transfer is not ideal because it does not 

sample the calibration effects in exactly the same direction 

at exactly the same times

• With sufficient SNR on appropriate timescale(s), can 

iterate calibration solving on the target

– Deconvolution provides models against which to solve for 

calibration

• Bookkeeping exercise:

– split out nominally calibrated data first

– apply sequences of self-calibration solutions as needed 
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Calibration TBD

• Antenna-position corrections

• Other priors, like Tsys

• Selection in fluxscale

• Delay-aware gaincal (wide bandwidths)

– c.f. fringe-fitting

• gaintype=‗GSPLINE‘ improvements

• Generalized instrumental polarization calibration (linears)

• Improved cal table definition, better integration with MS

• Calibration plotting in plotms

• Performance improvements

• Command-based calibration flagging (flagcal)
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