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Amp:corr:

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.
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10.2.2 Calibration Simplification

Vf,’j(tk, l/f) = V,’,i,lbj(tk, I/f) x G (tk, I/f).
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Self-Calibration:Motivation

JVLA and ALMA 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 themselvesto 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 includedin the data pipelines
...S0, it’s best you learn how to do it



Data Corruption Types

The true visibility is corrupted by many effects:
— Atmospheric attenuation

— Radio “seeing” > - =

H — - A . . P ..
— Variable pointing offsets ‘g" HREEEIERERE v&" K
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— Variable delay offsets o i O 'QO e @'. O
— Electronic gain changes 3 NED) R R o é
— Electronic delay changes “t @. O e ],
— Electronic phase changes i =
— Radiometer noise I mAas T “'ffrrrn .
— Correlator malfunctions

— Most Interference signals
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2.3.1. Is self-cal possible for my data?

The minimum signal-to-noise required for self-cal solutions depends upon the level of
error that you are willing to accept. For example, at a particular solution interval (Zso}int),
an antenna-based signal-to-noise ratio (S /N)an(Zsolint) < 3 ensures that phase solution
uncertainties will be less than < 20°, and (S /N)an:(Zsolint) < 10 will induce amplitude
solution uncertainties < 10%. Henceforth, (S /N)an:(¢so1int) Will be referred to as simply
(S /N)serr- The tso1ine required to actually substantially improve your data will depend
on the dominant sources of error. As described above, errors that are “directional”
like those induced by antenna position errors, only require a single #q1int averaged over
1 hour (1.e. a typical ALMA execution block length) for correction. Errors that are time
dependent require #jine shorter than the time for significant change to occur.

An easy way to determine (S/N)g.r 1S to make an 1nitial 1image using the best
practices for your observing mode (see § 2.3.4) below. Measure the rms noise in a
representative signal-free region of the image. Convert this noise, 0 jmgge, to that appro-

priate for a single antenna using the formula: oa,; = Timgge X Vn — 3 where n is the

number of antennas ( ). Then for a given #gjint,
tOIl_SOllI‘CC
Isolint

In the simplest and most conservative assumption, the “signal” 1s the peak intensity
(Ipeak) 1n the 1mage, so that (S /N)seir = Ipeak/0seir- However, it should be empha-
sized that 0,44 Will improve with self-cal, thus one should in principle re-evaluate the
(S /N)seir at each stage of the process. Additionally, there are a number of caveats that
add complexity to this simple calculation.



Additional S/N for self-cal can be obtained by:

Increase solint (solution interval)

* |f errorsthat are directional rather than time dependent, self-calibration
solutions can yield surprising improvement even for solints that span the entire
observation. Antenna position (aka baseline) 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 significantlyacross 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)



Outline of Self-Calibration Process

Repeat with deeper cleans and
shorter solution intervals

until phases no longer improve
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Self-calibration Example:
ALMA SV Data for IRAS16293 Band 6

Original =  Amp & Phase cal

See IRAS16293 CASA guide for detailed commands.

http://casaguides.nrao.edu/index.php?title=IRAS16293 Band9 - Imaging for CASA 4.3



Self-calibration Example:
ALMA SV Datafor IRAS16293 Band 6

* Whatis this “conservative” of which you speak?
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Self-calibration Example:
ALMA SV Data for IRAS16293 Band 6

Step 5: Decide on a time interval for initial phase-only self-cal
* A good choice is often the scan length (in this case about 5 minutes per field)
* Exercise for reader: show using equations on slide 8 that S/Ny.;~ 5.4

’

* In CASA you can just set solint="inf’ (i.e. infinity) and as long as combine # ‘scan
AND # ffield’ you will get one solution per scan, per field.

* Use ‘T’ solution to combine polarizations
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Self-calibration Example:
ALMA SV Data for IRAS16293 Band 6

Step 6: Apply solutions and re-clean

Self-calibration Example:
ALMA SV Datafor IRAS16293 Band 6

o .. Step 8:Try shorter solint for 2" phase-only self-cal
* Incorporate more emission into clean box if it looks real

. o . . * Inthis case we’ll try the subscan length of 30sec
* Stop when residuals become noise-like but still be a bit Y 8

conservative, ESPECIALLY for weak features that you are
veryinterestedin

* Itis best NOT to apply the I+t self-cal while solving for the 2. i.e. incremental tables
can be easier to interpret but you can also “build in” errors in first model by doing this

* You cannot get rid of real emission by not boxing it
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Self-calibration Example:
ALMA SV Data for IRAS16293 Band 6

Step | I:Try amplitude self-cal

* Amplitude tends to vary more
slowly than phase.It’s also less
constrained,so solints are typically
longer. Lets try two scans worth or
23 minutes

* Essential to apply the best phase
only self-cal before solving for
amplitude.Also a goodidea to use
mode=‘ap’ rather than just a’ (in
gaincal) to check that residual phase
solutions are close to zero.

* Again make sure mostly good
solutions,and a smoothly varying
pattern.

Scale +/- 10 degrees

Scale 0.8to |.0
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Self-calibration Example:
ALMA SV Data for IRAS16293 Band 6

Step 12: Apply solutions

» Apply both 2" phase and amp cal tables

* Inspectuv-plot of corrected data to

* Checkforany new outliers,if so flag and go back to Step 9.

* Make sure modelis good match to data.

* Confirm that flux hasn’t decreased significantly after applying solutions

Original

Amp vs. UVdist

Image Model Amp & Phase applied

(total cleanedflux = 3.4 Jy) Amp vs. UVdist

UVdist

UVdist UVdist -



Self-calibration Example:
ALMA SV Data for IRAS16293 Band 6

Step |3: Re-clean
* Incorporate more emission into clean box

* Stop when residuals become noise-like — clean
everything you think is real

Step |4: Compare 2" phase-only and amp+phase self-cal
images
« 2nd phase-only:

* Amp & Phase:

* Didit improve? =» Done!

Final: S/N=67 vs 283!

But not as good as theoretical
= dynamic range limit

Amp & Phase cal




