On-imaging
alVsisiand Self-
;‘calibration

Steven Tingay

ATNF Astronomical Synthesis Imaging
Workshop

Narrabri, 24 — 28 September, 2001

derwe need self-cal?
/ -
Jhe % Visibility, output of a well-designed
interierometer can bel closely approximated
Vi) = gi(t)g; (1) Vi (t) + € (t)

= Temporal and spatial variations in the
atmosphere distort the incoming wavefront;
m Varies with elevation, frequency, weather etc;

m Weak or'resolved calibration source;

m Errors in the geometric model;

m After ordinary calibration, residual errors
remain in the gains.

..F-cai bration (‘self-cal)

/
b he @ of this talk borrows heavily from
hapter10ief the synthesis imaging book by
émwall and Foemalont] (1999).

.

Followin@ithe calibration of interferometer data
by trackingpinstrumental effects and
observing an astronomical calibration source,
self-calibration can allow further calibration
using the data for the target source itself,
under certain conditions.

does; self-cal wor ?

-t [ 4 -
il Self%beﬁsed to estimate these residual
nroNSIbY A leating, the complex gains as free
é eters, ihereris enough data to solve

erspurce structure as well as the
complex gains.
-

For aniarray?6f N elements, this means that
there are N unknown gains corrupting the
2N(N-1) visibility: measurements. Therefore
there exist at least 72N(N-1)-N “good”
complex numbers in the data that can be
used to constrain the intensity distribution of
the target source.




¢ o 'e model ofifthe sollrce derived from the corrupted data can
géhg %?5?5 to be free parameters, , enrberusediterpartially correct the data (similar to
- calib Singlan’astienomical source — self-cal). An
lute'position of the source; iter, PPrOAcH! to) estimating the unknown gains is

BPAbseluterspurcerstrength information; Eﬁ possible

sheNability tordistinguish between various

types oF‘Sogrce structures;
u Butiasiiiincreases; the ratio of constraints to

the numberoef' unknown gains increases
without botind, so for large N little is lost.

The degrees of freedom introduced due to the gains are balanced
in self-cal by a prioriknowledge of the source. For example, the
corrupted data may still be used to produce an adequate model
for the structure of the source.

/ - y o S@a\ls in IowTsignaI to noise regimes —
; qu Ve estimate! is possible - ~100 mly
Tha@atl@e procedure should converge - ATCA, 100 MHz bandwidth:

as neverbeenwigoreusly proven. However:
allis mostisuccessful in arrays with
large N When the number of constraints is
far gre ter'than the degrees of freedom due Ad
to th ins; Miscellaﬂ
m Most solfces are simple relative to the uv Amplitude/phase self-calibration;
plane coverage of an observation and are Different weighting schemes;
effectively oversampled, allowing the addition Averagin G !
of a small'number of degrees of freedom 9 g L
bearable. Spectral line self-cal;
Image errors;
Implemented in all major software packages.

upSself=cal canralsoifiail when the source is too
exirelative to the model.




i ; . .
et ading Analysis
Mt I e e 4 -

SRSy owheavily from a chapter in the
IMaging book, chapter 16 by Tim
on (1999).

R e o - + "
* 7 antennas; PP B )
« Elevation -ﬂ‘eg' e —— Interferometér’data are m_easured in _the uv
; PP S planesSnhusithe most direct analysis of the
+ Clean/phase self-cal | datal occurs'in this plane. Errors are also
A ey often| easier to recognise in the uv plane than
in the image plane and are generally better
R understood in the uv plane. Sometimes
o mnwnuwnt? datasets are too sparse to image and analysis
in the uv plane is the most sensible option.

wen ol visibility data

£ -
m{ﬂ“:ude and phase against time - Thi i@nerally meant by non-imaging
n neel(aleng various position angles) ysis'—aimethod of building a
Mplane; iledimedel fortthe source structure that
m SU

antities — amplitude and phase; _J 5 volve Fourier transforms of the uv
r de-convolution.

(1) = ¢ij(t) + 0i(t) — 0;(t) + noise

Cln () = 0l (8) + @ () + 0 (1) u Modelfisfgénerated in the uv plane by
Cl(8) = iy (8) + Ba(t) + dua (8) + noise ] operations on the uv plane data, as opposed
Cign(6) = Ciie (1) + moise S to operations in|the image plane when using
u clean;
m Get a feel for the source structure by m Certain similarity to self-calibration.
comparing the uv data to the Fourier k

transforms of basic intensity distributions;




aPs5| to model-fitting| success:

@dﬁines (guesses) a model for the
souice, parameterised by a known number
Wee (adjustable) parameters.

"ihe meEEl 1S then Fourier transformed into
the;uvaplane; toi produce model visibilties

Compare the model visibilities to the uv
plane data and adjust the free parameters
of the mode/ so as to fit the model
visibilities to the data (this is the similarity
to self-cal).

to this approach include:

ﬁﬂfﬁcﬂlt to define a starting model
eristion;

I6NS are/not unique;
| Slewertiieniconventional imaging (Fourier
invert/clean);
u| [east-sguares method| probably not strictly
appropriate;
m assumes that the errors are Gaussian,
uncorrelated, and no calibration errors;
= degrees of freedom introduced during self-cal
should be taken into account.
m Uncertainties on the model parameters can
be difficult to quantify.

p .
ﬁval es forthe free arameters

the model

7 ATmEgshne of the goodness-of-fit for
thesestHit model (relative to the
measy iement errors)

stimates of the ncertainty in the
best-fit arameters

EII0OKS

m C e matrix to see which parameters
e constrainediand how they are correlated;

Urs of ‘constant chi-square for single
parameters or sets of parameters;

u| Cautionpmust be exercised when using any
theoretical measures of confidence since they
assume fitlly’ independent data for which the
visibility errors are fully understood and are
distributed appropriately for the statistical
tests being used;

= Monte Carlo tests are useful but time-
consuming!!!




