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1 Introduction

%4 problem common to all synthesis telescopes 18 the
matter of the mizzing short spacings: the central region of
the wvisibility plane is unsampled because of the difficulty
in operating two telescopes at spacings comparable to an
antenna diameter. The shortest spacing in the compact array

cf the AT is 3J0.6m,

The consequences of this missing data can be =seriousg if
the source has significant amounts of extended structure.
The map which resulte from the Fourier inverzion of the
vigibility data will have & “negative bowl". of extent
largely dictated by the dimensions of the migsing spacings.
This depression is undesirablé on aesthetic grounds - the
sky 1is, aftef all, positive, More sericusly, deconvolution
gchemes such as CLEAN can become unstable when confronted by
an unhappy mix of sidelobes and negative bowl, Finally, the
map will be incorrect. since data is missing: attempts to

compare this map with maps made at other frequencies in
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order to derive spectral index wvariations, for example.
eshould be treated with caution until it is shown that the
mizsing data represents a small fraction of the source, or

until the miesing data is restored,

A number of schemes have been proposed to counter this
problem : Williams, Kenderdine & Baldwin (1966): Bajaja &
Van Albada, (1979): Ekers & Rots, (1979): Braun &
Walterbos, (1985). This note describes theze schemes. and

examines their relevance to the AT,

Notation

The discussgion which follows involves representation of
the data in both domains - map and visibility. These are a
Fourier tran;form pair;: we Will use lower case for the
visibility plane, and upper case for the map plane, Az

usual an asteriszk (¥) will be used to dencte the convolution

operation,
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2 The Problem

Let Btrue(f) be the true sky brightneszs, Asamp(j) the

transform of the sampling function in the visibility plane.

Aant(j) is the primary beam pattern,

The observed brightness is then given by 3

Bopo( ) = [Brryel ) Rant (9 1*Pganp’ ¥

For a regular, linear array such ag the CA the sampling

function asamp(g) will be more-or-less uniform from 1inmer
radius Coin out to a maximum baseline Y ... We can write
for asamp:

Sgamp'®) = 8gu11®) - Sinner W
where .

afull(g) =1 for all "jul < rp.q
and

=0 beyond:
&imner (¥ = 1 tul < Tpin:
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=0 beyond.

Then

B

obs( D) = [Birye (N Aane (D I¥AL (D

C (f)'Aant(J)]*h- ¢ 7)

B
true inner

The effect of the missging sgamples 18 difficult to
predict, ag it depends on the morphelogy and distribution of
the source(s) over the entire field of view, Some very

rough guidelines are offered hexre.

The full beam is narrower than the inner beam:
therefore every source must show a positive central peak
embedded in a negative bowl. If the emisgsion is from a
point source then the ratio (positive peak/negative bowl) is
substantial ~ (r .. /r 0% ~ (600073092, With extended
structure the ratio drops: in the extreme case when the
structure ig greater in extent"than the primary beam then no
flux may be deiected, as it all falls in the wunsampled
central region. The mean level will be zero if the zero

gpacing 18 missing.
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A shell source could well display a positive perimeter
surrounding & negative central region, All the socurces in
the field will <contribute to the negative bowl, so an
inoffensive source may be overwhelmed by strong mnearby

sources,.

The strategies for coping with the missing spacings
depend on the source structure: one might be able to
interpolate into the central region if the source gtructure
is all fine scale: ie, if one has a priori evidence that
there is no large scale structure, or if one is not
interested in the large scales. Interpolation is wunlikely
to be successful if large scale stfucture is preszent and

important.

3 Interpolation schemes

3.1 Direct interpolation - Braun & Wwalterbos (1985)
If the map is largely complete - all spacinge preszent

from Lin {eg, 30m) to T nax (6 km), then the processing

effort should be able to concentrate on the few missing
gsamples (~ 4 points 1in the Westerbork case). Braun &

Walterbos (1985) describe an interpolation procedure which
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they apply to WSRT data with good results. It 1s important
to recognize the two preconditionz: & source with structure
well distributed in the vigibility plane (the low spatial
frequencies must not dominate if the interpolation is to
succeed): and well sampled vigibilities (with ezzgentially

all the spacings).

Their argument 1is that the region outside the source
should not be negative. The corresponding minimum solution
which they seek is therefore that =zet of amplitudes for the
missing low frequency gpacings which removes the negative
bowl and produces a zero intensity baseline., The algorithm

proceeds in two steps:

a, Filter out high gpatial frequencies Erom the map. This
ieg a critical step., and requires & certain act of faith -
blank out the region of the source; then remove high
frequency noise by a *keo" eclip technique. {(Tteratively
remove points departing from the mean by more than some
specified multiple of the variance). Let the resulting map

'

be M.
b, Find the low frequency gpacing amplitudes by minimizing .

= S . 2
C = »>[(SkY*Ainner’ - M1




Thie is a tractable operation 2ince we are looking for a

small number of spacings (4 or 20},

Thies scheme requiresg the source to bhe small compared to
the minimum size of the negative bowl, (Otherwise the
blanking operation will faill. For the CA, for example.
with a minimum spacing of 30m, the negative bowl size 18
approximately half the primary beam, Equivalently. this
means that one could add arbitrary broad sources {half

primary beam sized) to their solution.

Iterative deconvolution schemes such as CLEAN and MEN
perform an (implicit) interpclation in the vigibility plane,
If the structure is essantially small scale the operation
will automatically remove the powl, (This 1s essentially an
article of faith - the map is ok if it looks ok),

Manifest ,difficulties ‘cccur in complex fields (egq,
galactic sources); a negative sidelobe plus the negative
bowl may be greater (in absolute magnitude) than the next
genuine peak, so that CLEAN will launch after fictitious

negative sources,. The CLEAN can be stabilised by adding a
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positive "lump” to the map before CLEANiINg: the operation
iz honest if the "lump” is removed at the end of the
operation, The "lump” is chozen to cancel (approximately)

the negative bowl.

The Braun & Walterbos procedure should perhaps be
viewed a= a "pre-CLEANing" operation, rather than the
replacement of CLEAN that B&W envisaged.‘ Some form of CLEAN
or MEM will likely be needed on all maps in order to remove
the near-in sidelobes, as well as to provide the model of

the sky for self-calibration operations,

4 Direct obgervation of the missind spacings

Direct observation of the mizsing gpacings is clearly

the only unambiguously correct procedure, The guestions
examined below are: how to obtain the data and how to
calibrate it; and how to comh}ne it with the interferometer
data.

4.1 Single digh observations, Bajaja & van Albada (1979)
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Suppcse we were to make a map with a large diameter
telescope. For example, we may usge Parkes 6dm observations
to complement the CA data. We need to ensure that both data
sets are placed on the same flux scale, and we need to

correct for the two primary beam patterns,

4.,1.,1 The data

CA observations

Preag(V) = [byprye (W ¥acpa () 178, (1)

(The visgibility measured at point u in the (u,v) plane is a
convolution of the tranzform of the éky (at u) with the

transform of the CA primary beam pattern).

Parkes

Emeas(j) = Btrue(J)*APKS(])

(The map 18 the sky convolved with the Parkesg primary beam

,

pattern),

4,1.2 The algorithm
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a. We centre the PKS map on the tracking centre uszed for the

Ch;

b. Fourier transform to the (u,v) plane:

meas ¥’ T by rue (W "epgg (L)

Remove the effects of the Parkes beam - we would like a unit
point source to have unit visibility for all reasonable u.
lul < rp, where rp is of order the half-power width,
although one could presumably find & more sophisticated
definition which would optimize the signal/noise,

thus, b’

meaz - Ptrue for [ul < rp,

1t
=]

beyond,

Convelve b’ with the transform of the CA primary beam, in
order to ensure that these visibilities are consistent with

the CA visibilities:

" heas = P meas®2cCh

We need to truncate b" at a radius r. < rp, gince the

convolution will mimic interferometer visibilities only as
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long ag &q, falls in the region fut < rp.
b” =0 for |ul > rg

c. We can now concatenate the two vigibility data sets!:

interferometer data: bmeas = [btrue*aCA]'asamp(g)

and single dish 1 b"

meas [btrue*aCA].TT(U/rC)

The new beam will be the Fourier transform of

tasamp(g)+TI(ufrC)]

The data concatenation could also be performed in the
map plane - the maps would be added with scale factors given

by the respective areas covered in the (u,v) plane.

Thus provided that +the single dish that measured the
missing spacings is substantially larger than the
interferometer dishes, ther?“ are few rigky approximations
involved. We ﬂeed a good represzentation of the primary
beams, out to around the half-power points. The calibration
amounte to requiring that a unit point source produce &
known amplitude deflection in the gsingle dish observations,

and visibilities of known amplitude 1in the interfercometer
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observations,

4.1.3 Practical details and problems; limitations

a. rp and r,

The critical quantity in this digcussion is the
magnitude of the scaling applied to the data: we will Dbe
dividing the observed vigibility (the fourier transform of
the map) by the antenna’s response in the (u,v) plane, We
will truncate the division operation when the resgponse has
fallen to some critical value, 7. This critical value could
be set by the signal to noise ratib; for illustration we

will adopt n = 0.5 as a convenient compromise,

in figure 1 we show the response function for the
Parkes 64m and for the Culgoora antennas. {The derivation

is discugsed in the appendix).

A reasonable value for f} would be that value of r for

which n = 0.5.' That iz, 27m {(Parkes), and 8.5m (Culgoora)l,




Page 13

r. ig set by the conveclution operation, As a means of
estimating r  consider the following simplifying scheme! we
convolve a pillbox function of radius rp with the Culgoorsa
beam, Out to some radius T, the integral 1is constant, a=s
the Culgoora beam falls entirely within the pillbox. Beyond
. portions of the Culgoora beam lie outside the pillbox and
the integral decreases. We set re to be the radiug at which
the integral has fallen to a fraction & of +the central
value, ¢ = 0.9 is a possible choice. We then find £, "~ rp
- DC/Z, or r, ~ 17m, Figure 2 1illustrates the rp/rc/beam

relationship.

Thus Parkes, at 6&4m, is oniy just adequate for the
Culgoora array, on this formulation, Matters are alleviated
somewhat by extending re to greater scale factors,

(Requiring correspondingly higher signal/noise ratios).
It means that a Culgoora dish could not be used.

Thiz argument 1is perhapsroverstatinq the case, We have
a plausible eétimate of the sky (bT) from 0 to rp: we have
a measgure of the sky convolved with the primary beam (bT*aC)
beyond, We should therefore be able to estimate (bT*ac)
from 0 to oo Given such an algorithm, the limitation iz

then gimply the scaling of the data at ro. I[f &a 22m dish




Page 14

were used to estimate the miszing 15m spacing the factor
required is of order 5, which 1is probably higher than

acceptable in most cases,
It still means that a Culgoora dish could not be used.
b, Beam switching 7

Single-dish observations (in the continuum) are
frequently made with some form of beam sawitching, in order
to overcome the baseline Ffluctuations due to atmospheric
effects, Maps can be made with beam switching - that is, we
can deconvolve the beam switching artefactg., Is such a map
suitable for our purposes here? (We agsume that the dish 1is

large enough - ie, satisfies the criteria discussed above).

The beam ewitching operation amountg to making two

maps;

My (8 = [BOS-2-0ACIDNAL

r

and M, (7-p) = fB(f—hA)A(j')dj’

=
—
.,
~r
It

My - My

E-)
L
I
-
H

sin{(2auAdb(ulalu)
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We can then recover (b(u)a{u)) by scaling m{u) by the sine

term.

The separation of the beamg is generally of order 5
beamwidths ), which means A = 2.50 ~ 3,3(A/D). The
wavelength of the sine term 18 comparable to the spacing we
need (15m), 8o care will be needed, and =ome fitting

operation may be neceszary.

We conclude that peamswitching should introduce mno
serious obstacle to obtaining a good estimate of the 15m
spacing, The zerospacing is somewhét more tricky; however
it can be argued that it is not required as it cannot alter

the shape of a map, put only the zero level.
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4.2 Restoration of the missing spacings using an

interferometer,

(The Williams et al/Ekers & Rots method)
In rough ocutline, the algorithm is:

a. Take the shortest baseline interferometer that i

available, (30m for the CA).

b. Assume, for the moment, that the sky is stationary over

the interferometer.

c. Keep the delay and local ogcillators fixed, appropriate

to the field centre,

d. Drive both antennas from the field centre, recording the
interferometer output as a function of the peointing of fset

(1CH).

£. Fourier transform I(J/) to obtain a vyigibility” function
from which short spacing information can be obtained.

The operation is one-dimensional - Wwe attempt to
estimate the visibility data over the range of radius 0 to

L, (the shortest spacing available), along the line normal

to the interferometer fringes=,
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Figure 3 shows & gimplified version of the argument,
The upper panel shouws one component of the sky brightness
(corresponding to a spacing 2). The szecond panel has the
fringes set up for the interferometer spacing u. The third

panel shows a stylized polar diagram.

The interferometer output is obtained from the product
of panels 1 and 2, convolved with 3, The normal arrangement
iz to sample the result at one point only. (With the

antenna pointing at the field centre),
The product 1 by 2 is
P = Becos(2xs f).cos(2ru)

= Bl{cos(2a{u-8) /) + cos(2alu+s) )]

The convolution operation is essentially a smoothing
one - if the polar diagram A spang many cycles, then P¥A
will be small. However, therg'can be a range of values of =
for which we can extract some gignificant information about

B(s). Our interest is in the region u/2, if we choose u =

30m,

FT(P%A) = p.a = B&(u-s),als) = bi{u-g).a(s)
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For completness we offer & more rigorous derivation, The

inter ferometer output is:
X(u, £ = [BCDOA 7 -DeIEmY Ay

(defined for all /'), Transform!

wl(u,2) fejz"f""hu'-f)df' fBo....

alg) [ejzxi-*’e.u)eﬁ"ﬂ- 29 7

a(g)b(u-g)

Thus provided that the antenna has reasonable response

at u/?2 (15m for the CA), we can meagure b(u/2). But this 13
the crunch - at 15m the CA antenmna ig far down the polar
diagram, to around 1/5, Thus &a large =scale factor 1is

required, which in turn means that the szignal/noise ratio
must be high if the process ig to succeed,

Some further manipulations are required before the
visibility can be added to the general data set - we need it
in the form : b¥a,6 if we are subsequently to correct for

the antenna primary beam.
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b’ (uy) = fb(y_' yaluq-u’)du’
= _fx(g,g—g')a(gl—g')/a(g—g')dg'
u is the emallest spacing available {30m): Y, is the
gpacing we are after (15m), In the integral u’ will range
from :
Ul—u’ = -15 to +15* 1ie, u’ ranges from 0 to 30
the denominator thus ranges from a(0) to a(30) - to

very small values, leading to substantial amplification of
nocise, It geems therefore that this scheme is unlikely to

pe workable in the Culgoora context.

Thieg conclusion is consistent with the observation that
thie scheme is unlikely to be an improvement over the use of
a CA dish in the single dish mode, We find that a single

dish has the same area providing a 15m spacing, as do two

dishes placed 30m apart. (The area is given by:
Area = 2[(m - 8 - 8in(28)/2]
"2

where,

8 = sin_I[(D-S)IER] (interferometer)
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- sin 1(s/2R) (single dish)

where R is the dish radiug, S ies the spacing in guestion,

and D iz the interferometer baseline).

The essential problem a2 far as the AT (CA) is
concerned is that the antennas must be positions at
designated stations, which then imposes the 30m minimum
gpacing and the attendant problems, This type of limitation
did not apply to the Williams et al case: they made the
observations "as cloge together as possible without

overlapping”.
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4.3 Restoration in the map plane

There has been some suggestion (T.Cornwell) that a
gingle-digh map could be usged ag an @& priort estimate for
MEM, or even CLEAN, This means that the concatenation of
the data sets takes place in the map plane, with some
reduction in the computation load. The essence of the

procedure isg this!

a. convolve the =ingle dish map (guitably tarted up) with

the dirty beam of the interferometey nmap
b. subtract the result from the dirtf map;

c. CLEAN;

d. add the gsingle dish map (unconvolved) to the CLEAN map.

There are a number of difficulties at present
unresolved - just how do you tart up the map to account for
the wvarious ﬁblar diagrams? More seriocug, perhaps, you now
have a map from which the pogitivity constraint has been
removed. The CLEAN cperation may well produce garbage, but

the diagnostic toolg have been largely destroyed.
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AppendiX

The visibility weighting function of & single dish

1§ we are to combine zingle dish and inter ferometer

he visibility plane we need to have an accurate

data in t
response in the (u,v)

plane. We

meagure of the telescope’ s

estimate here that trangform,

1. Culgoora antennas

preflector is8 intended to

The design of the feed and su

lumination (voltage) out to the edge of

produce & uniform il
AT/21.1.1/034 and 045).

the 22m aperture, (cf. G.James,

1t in a beam of the form (31(33/3)2, and a

Thisg should resu

transform;

£(u) = cos l(u/2a) - (u/fa)\f(l—(UIBa)E

r

From the computed 5.9 GHz beamshaype (G,James) we find a =

g £(u) 18 ghown in fig. 3

10.7m., The correspondin

2., Parkes.




Page 24

Thig function is less critical, as it 12 much broader

than the Culgoora response. The illumination is said to Dbe
generally gaussian, down to 20% at the edge; (ie, down to
0.5 at r = 2im). Evaluating the trangform of a gauggian

truncated at the 20% level, gguaring, then transgforming, we

find a gaussian which falls to 0.5 at r = 27m, shown in fig.

file: [mjk.scallspacing,rno
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