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What went wrong? AST((O N

> How do | know | have bad calibration? What is the problem? RFI? Bad phase
solution interval? Smearing from averaging?

> How do | know what is making my image bad?

> Note that most errors (besides CLEAN) occur in the aperture plane, not image
plane




General Wrongness - calibration AST({O N

> Wiggles or gradients in phase, gain versus frequency — INSPECT and look for
outliers
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General Wrongness - calibration AST(QO N

> If faint source, hard to identify outliers. All you can do is quack and remove 3
sigma outlier points
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What went wrong? AST(QO N

> All calibration problems are in the uv-plane. However, sometimes hard to spot,
and only notice in the image plane (says something about the way our brain
works).




General Wrongness - image AST({O N

> Look for odd structures — such as streaks, rings

> Symmetric structures are usually a dead giveaway that something is wrong

exp(ip) = cos p + isin @ Symmetric image
errors are often due
to amplitude errors

Real & Even < Real & Even
Real & Odd & Imag & Odd image errors with

odd symmetry or
asymmetric often due
to phase errors




Phase and amp error AST({O N

> Can not get rid of beam pattern despite CLEANing deep enough (short burst of
bad data — just a bad scan)

10 deg phase error 20% amp error
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Persistent errors over most of AST {O N

observations

NOTE: 10 deg phase error to 20% amplitude error
cause similar sized artifacts

20% amp error for one
antenna all times
rms 2.3 m)y

10 deg phase error for
one antenna all times

rms 2.0 m)y




CLEANing AST({O N
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- TightBox Middle Box Big Box Dirty Beam
One small clean One clean box Clean entire
box around all emission  inner map quarter

Make box as small as possible to avoid
cleaning noise interacting with sidelobes



Under/over cleaning

Over-cleaned

Residual sidelobes
dominate the noise

Emission from Regions within
second source sits clean boxes
atop a negative "bowl" appear "mottled"

ASTRON

Properlv cleaned

Background is thermal
noise-dominated;
no "bowls" around
sources.




CLEANing

> Negative bowls from undercleaning
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CLEANing
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> If artefacts look similar to the psf, you have undercleaned.
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General Rule of Thumb AST({O N

> 5 sigma to believe structure and you should reach 3 to 5 times the theoretical
predicted noise level

2KT sy

Srms —
Aeff\/NA(NA —= 1)tthA’U

> Error artefacts can be additive or multiplicative

> S0 you can only improve on this by:
- Bigger/more efficient antennas (Aeff , hA) or more (N)
- Lower noise Rx and/or Tsky (observing conditions)
- Observe for longer/wider bandwidth



Dynamic Range AST({O N

> What is dynamic range and what counts as high?

H ATCA simulation e 1.5D config 12 hour observation
Dynumlc range 1.6 GHz # 8 = 16 MHz channels  SEFD = 363 Jy

c =27 pJy / beam

P=2Jy

2
2.7 x10-°

= 74074

Deconvolved image




Dynamic Range AST({O N

Dynamic range: alternative definition s o & s R ot SR ata &

Partefact = 5.4 mJy

Psource = 2 JV

Psource 2
DR = = 370
Partefact 5.4 %103

Drifts in antenna gains, +/- 1% amplitude error, max 1 degree phase error



Self-Cal and dynamic range AST((O N

H H ATCA simulation e 1.5D config « 12 hour observation
ImprOVIng the dynumlc runge 1.5 GHz 8 x 16 MHz channels  SEFD = 363 Jy

o =58 pJy / beam

K

P=2Jy

P 2
DR = = 34483
o 9.8 x 10-

Self calibration on central point source, 5 minute solution interval



Additive or multiplicative AST({O N

m some errors add to visibilities

V4+e & I+ Fe

m others multiply or convolve visibilities
— multiplication < convolution in conjugate planes

Ve & IxFe

— convolution < multiplication in conjugate planes

Vxe & [ Fe




Additive ASTRON

V4+ee I+ Fe

m adds to visibilities <~ adds to image
— unconnected to real sources in the image

— may make “fake” sources

m sources of additive errors:
— noise
— Interference (RFI, cross talk)

— Sources outside beam (confusion, sun)
— DC offsets




Multiplicative AST({O N

Ve & [IxFe Vxxe & [Fe

m others multiply or convolve visibilities

— multiplication < convolution in conjugate planes

» examples - multiplicitive: sampling, gain errors,
atmosphere, missing spacings

» Examples - convolution: primary beam, gridding



Phase Errors and Dynamic Range AST({O N

Image is formed by Fourier transform

- I(x) = [ V(u) e 2rxdu
« Each baseline contributes at position ux and complex
conjugate -ug in the visibility plane
Evaluating the term in the integral for each of the
[N(N-1)/2]-1 good baselines gives 2cos(2muyx)
Bad baseline gives 2cos(2nupx - ¢,)

- ~ 2[cos(2rupx) + ¢, sin(2nupx)] for small ¢, (in radians)

* The image integral thus sums to
N(N-1)/2
I(x)=2¢.sin(2mu,x)+2 Y, cos(2mu,x)

k=1



Phase Errors and Dynamic Range AST({O N

* The synthesised beam is given by

N(N-1)/2
B(x)=2 Z cos(2:n:ukx) = N(N-1) foru =0
k=1
« Deconvolution is the subtraction of the beam from the
iImage leaving the residual error

N(N-1)/2 N(N-1)/2

R(x)= 2cp€sin(2nu0x)+2 z cos(Zkax) —2 z cos(Zkax)
k=1 k=1
=2, sin(2mu,x)

« an 'odd' sinusoidal function of amplitude 2¢,, period 1/ug



Calibration errors and dynamic range AST({O N

For small phase error ¢, large N, the ratio of the
peak / noise residual is thus

- Dynamic range Dg(¢,) ~I(x) /R (x) ~ N2/ V2 0,

e e.g., radians (5°)~0.09
Amplitude error € on a single baseline has the effect

V(u) = (1+¢€)d(u - up) e’ leading (via a cos function) to
- Dynamic range Dg(e) ~ N2/ V2 ¢
A phase error of 5°is as bad as a 10% amp error
Phase errors are sin (odd), amp are cos (even)



ASTRON

> If you average in time or bandwidth too much, sources away from your pointing
centre will be smeared, with it worse the more you average or further from the
pointing centre " '




Time Smeéring AST({O N
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Missing short baselines
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S0 100 150 200 250 300 350 400

No short baselines =——p

S50 100 150 200 250 300
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Bright source in sidelobe




Example of sleuthing
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> Source that could be being resolved but weird shape and negative feature:




Example of sleuthing

STRON

> Beam



Example of sleuthing AST({O N

> Worried could be overcleaning, clean box too large, or phase error.

> Doing one iteration of phase self-cal, source disappears and main source
straightens up




ASTRON

> What error are you seeing
here?
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IDEsaTRE ¢ Low frequency MWA obs.

-

-23°CC

" A. Heat haze
.- B. Antenna deformation
C. lonosphere
D. Compression artifacts
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ASTRON

A. Amplitude errors
B. Cosmic ray

C. Bandwidth smearing
D. RFI




ASTRON

A. Amplitude errors

B. Phase of moon incorrect

C. Position-dependent errors
D. Source outside imaged field



ASTRON

A. Amplitude errors

B. Tartan from wrong clan
C. Data stored in HEX

D. Phase errors




Conclusions and tips AST({O N

> u-v plane
- Look for outliers
- Check gains and phases
- Look for residuals (data — model)
> Image plane
- Do the defects look like the dirty beam?
- Additive or multiplicative?
- Symmetry properties?
- Relate to possible data errors
— Deconvolution problems
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