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Self-Calibration
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(Lecture 10, Synthesis Imaging I1, p. 187; Cornwell & Fomalont)
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» Fundamental calibration equation

Vijltl = adtlafit)Vile) + eit)

* Definitions
Vigit] = observed visibility at time ¢
gi{t] = relative complex gain of antenna
Vi) = actual visibility at time ¢

£35(#] = thermal noise on i-j baseline
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What's Wrong with the Initial Calibration?

» The complex gainsusually have been derived by
means of observation of acalibration source
before/after the target source

« Initia gain calibration isincorrect
— Gains were derived at a different time
« Troposphere and ionosphere are variable
« Electronics may bevariable
— Gains were derived for a different direction
« Troposphere and ionosphere are not uniform
* Observation might have been scheduled poorly for
the existing conditions
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What is the Troposphere Really Doing?

» Clouds contain
water vapor

¢ Index of
refraction
differsfrom
“dry” ar

* Variety of
moving spatial
structures
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What is Sdlf-Cdlibration?

« Sdf-calibration usesamodel of the target sourceto
solvefor improved valuesfor the complex gains of
theindividual antennas

— Advantages
« Gainsare derived for correct time, not by interpolation

» Gainsarederived for correct direction on celestial sphere
« Solutionisfairly robust if there are many baselines

— Disadvantages
 Results depend on the assumed model. If the model is

incorrect, it will be“built into” the derived gains, leading to
incorrect visibilities and images
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» Thegainsaresolved for in self-calibration by a
| east-squares sol ution that minimizesthe difference
between the model and observed visihilities

S=F T wy(t)lViite) — sitedylinVila)f’
CR) z

» Define . ) 2ot
Vi) = model Xiilt) = .I-_-'.f..

ile)
* Then

S =T F wy ()| Visita) I | Xsita) — aslta)glita)f
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Iterative Self-Calibration Choices-1
1. Cresteaninitial source model, typically from an * Initial moddl?
initial image (or else apoint source) — Point source often works well
2. Usemodd to convert observed visibilitiesinto a — Clean components from initia image
“pseudo-point source” - Don’t go too deep!
3. Find least-squares solution to complex gains - S'mp'? model-fitting in (u) p_'a”e
4. Find corrected visibility o Sdf-cdibrate phqsas or amplitudes?
5. Create anew model from the corrected data ~ Usually phases first ) ) .
) ) * Phase errors cause anti -symmetrlc structuresin Images
6. Goto (2), unless current model is satisfactory — For VLA and VLBA, amplitude errors tend to be
relatively unimportant at dynamic ranges < 1000 or so
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Choices-2 Choices-3
* Which baselines? » How weak a source can be self-calibrated?
— For asimple source, all basdlines can be used 9
— For a complex source, with structure on various scales, 0.2 _ ay
start with amodel that includes the most compact G — ( N — 3) F
components, and use only the longer baselines
* What solutioninterval should be used? ol = vennoe L goin ssbaniteg
— Generally speaking, use the shortest solution interval that _‘; B
gives“sufficient” signal/noiseratio (SNR) i = varianoe of visibilities { suare of noise)
— If solution interval istoo Iong, datawill lose coherence N = number of arrav elements
« Solutions will not track the atmosphere optimally . i i
F = aoaree flux density
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Y ou Can Sdlf-Cdlibrate on Weak Sources! Example: VLA Snapshot, 8 GHz, B Array
- . * LINER galaxy R
06 = W ":;;.jr'! NGC 5322 S
 Forthe VLA at 8 GHz, thenoisein 10 secondsfor a * 8ggggk%ég i
single 50 MHz IF isabout 13 mJy on 1 baseline Poor] -
— Average 41Fs (2 RR and 2 LL) for 60 seconds to desirgr):ed E "
i * /2
:jfecrea:ethls by (4 iof/|10)ld to .2t.7ar$/t sy o ation i 4
— If you have a source of flux density abou , you can . -
get avery good self-cal solution if you set the SNR B S]nfscg]: %?g -
threshold to 1.5. For 5min, 1.2 ivesSNR = 1 7
reshold to or Smin mJy gives . Canself-ca =
* Caveat: Makesurethere’ sadetected source! help? R
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Initial NGC 5322 Imaging First Phase Self-Calibration
Cleaned Image Synthesized Beam Used 4 (merged) clean componentsin model
1. 10-sec solutions, no averaging, SNR > 5
. [ R RO i CALIB1: Found 3238 good solutions
| 3 \ , CALIB1: Failed on 2437 solutions
g ) . O : CALIB1: 2473 solutions had insufficient data
i " i L 2. 30-sec solutions, no averaging, SNR >5
i b { L CALIB1: Found 2554 good solutions
. X T CALIBL: Failedon 109 solutions
ur : CALIB1: 125 solutions had insufficient data
el = o S T = 3. 30-secsolutions, averageall IFs, SNR>2
CALIB1: Found 2788 good solutions
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Phase Solutions from 1% Self-Cal Image after 1% Self-Calibration
PO Original Image Self-Calibrated Image
« Reference antenna el
has zero phase 2y N
correction - wae T “""“: TN S
— No absolute [P et . o
position info. ": — i £ yiid
. Corre_ctionsgpto bt i ﬁﬂ I P
150° in14 minutes § = H L s I !
e Typica coherence = . { -
timeisafew - R 4 .
minutes -
ST VLI e T
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Phase Solutions from 2" Self-Cal Image after 2" Self-Calibration
« Used 3 components Original Contour L evel Deeper Contouring
e Correctionsare i e
reduced to 40° in . e
14 minutes - - :
* Observation now [ [
quasi-coherent o[ i o I P
+ Next: shorten }= i i H
solutioninterval to = " N
followtroposphere 7/ “*** . -
even better i
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Status after 24 Salf-Calibration

Image noiseisnow 47 HJy/beam

— Theoretical noisein 10 minutesis 45 EJy/beam for
natural weighting

— For 14 minutes, reduce by (1.4)2to 38 BJy/beam
— For robust=0, increase by 1.19, back to 45 £J//beam
Image residualslook “noiselike”
— Expect little improvement from further self -caibration
— Dynamic rangeis 14.1/0.047 = 300

« Amplitude errorstypically comein at dynamic range ~ 1000

Concern: Source“jet” isin direction of sidelobes
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Phase Solutions from 39 Sdf-Cal

27 g e e e e

* 11-component “fmn
mode! used ’f:
 10-second n

solutionintervals ...
 Correctionslook

noise-dominated ;ZM'E
* Expect little |
improvement in o S
resulting image =
i ety  O* W
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Image Comparison
2nd Self-Calibration 34 Sdlf-Calibration
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Isthe Structure Believable?

* WSRT and VLA imaging by Feretti et a. 1984
— Lesson: If in doubt, ook for other evidence!
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Concluding Remarks
Flag your datacarefully before self-cal
Be careful with theinitial model

— Don'’t go too deep into your clean components!
— If desperate, try amodel from adifferent configuration or
adifferent band

Few antennas (VLBI) or poor (u,v) coverage often
require many more iterations of self-cal

Experiment with tradeoffs on solution interval

— Shorter intervals follow the atmosphere better
— Don't betoo afraid to accept low SNRs

Check your resultsany way youcan!
mn ﬂ:-w e
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Lots of Topics Weren't Covered
« Error recognition (Myerslecture, Chapter 15)
» Model-fitting (Pearson lecture, Chapter 16)

— Closure quantities and their conservation in self-
calibration

* Amplitudeself-calibration
— Initial calibration offsets can beimportant
» How do you know when your solution has gone
wrong, or your model is corrupting your gains?
 Sdf-cdibration isnot arigorous mathematical
operation
R . . . |
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