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Wide-field prok

tems solutions!

The antenna’s primary beam
mosaicking

Non-coplanar baselines
faceting
warped snapshots
w-projection
w-stacking
w-snapshots
3-d DFT

el



J2000 Declination

Non-coplanar baselines

undesired result
e 7 T A ST
i SN o )
52° KR A AR A 72 Y S

s-_:;' L

50° his .):l, T A ok
O g

48°

o

DL 4

A
Ak
’ ‘:l‘l-
t ~ ’
33T YR

. 1}""

‘©

46°

S

< iy ¥
gl . o
o '5;"! N 24308
44° rIEL P
"{‘ki' .‘\“‘ ;! > ’
IR (&Y. : St DA
KNk v . el R T T,
WS LI 2Ny S SRS
20 & TR e
3 2Ly YV i i
o B SO T R s A
\-::' ‘\ - a.}‘.’.} K‘:‘:ﬂ,"-’-'.: ;c > .;',,;’.',.‘k-v"";'r-'. ' "l.'.}’
BN R S T A N e L R N T N SR
SRR SR R W Ry o

10™ oo™ 12"s0™ 40™
J2000 Right Ascension

13"30™ 20™

) \s' '.Q\\‘(\..‘.'
N \ & \

ARG
> \‘.\ {‘E\Pr“!‘ ‘\\:.’\\'\} N. 520

" .?‘
R

s

5
2 48°
3 L ]
3
S 46°
o
o~
i |

44°

42° e

L J

13"30™ 20™

(Cornwell+2008)

desired result

10™ oo™ 12"50™ 40™
J20Q00 Right Ascension

301

@




Non-coplanar baselines

[v (l, m) e—2iﬂ[ul+vm+w(\/ 1-1*-m*-1)
-0 -m’

dldm

V (u,v,w) =ff\/

The direction cosines (I,m,n) are w
projections of the unit direction
vector s onto the (u,v,w) axes

[ =cos(a) n
m = cos(f3) (sky)

n=cos(@)=1-1I'—m’ l ,: , .V

m P
And baseline vector / o\ "
b =(Au,Av,Aw) (array) S




Non-coplanar baselines

[v (l, m) e—2iﬂ[ul+vm+w(\/ 1-12 =m* ~1)
1-1"-m’

dldm

V (u,v,w) =ff\/

We would prefer the form

I/‘,(ZI,V) =jj10([,m)e—i2fr(ul+vm) d]dm : ]‘,(l,m) P V(ZI,V)

This requires one of:

2 2
IP+m’ <<l or w<< \/umax+v

max

(small FOV) (approx. coplanar)
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Polyhedron imaging (faceting)

Approximate the celestial
sphere as a collection of
‘tangent planes’

Restrict the FOV of each
plane such that [> +m?* <<1

Phase shift and recompute
(u,v,w) for each plane

Project and combine the
Images onto a 2-d plane

Note: uv-faceting algorithms are also viable
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W-projection

[v (l, m) e—2iﬂ[ul+vm+w(\/ 1-12 =m* ~1)
1-1"-m’

dldm

V (u,v,w) =ff\/

factor out
G(l m ’UJ) _ e—27riw(\/1—l2—m2—1)
b, )

such that
Viu,v,w) = G(u,v,w) = V(u,v,w = 0)
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W-projection

The w-term introduces a We can use G tp project each
Fresnel phase screen visibility onto the w=0 plane

Tangent plaxc direction

and Fourier transform to
produce a single dirty image
to deconvolve

Fresnel Zone ,.




Other non-coplanar solutions

w-stacking: partition data in w, apply G in the image
plane (multiplication)

warped snapshots: modify (/,m) using functions of
the zenith and parallactic angles for each snapshot,
then coordinate transform the distorted image

w-snapshot: express w as a best fit plane with
residuals Aw projected with G.

3-d DFT: invert the 3-d coherence function; treat
the physical emission as a spherical surface inside a
3-d image
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DECLINATION

The effect of the antenna primary beam

true source

Plot file version 4 created 19-JUN-1998 11:30:42
MMA-TEST 2.3000E+11 HZ MODEL.SMOOTH.1
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apparent image

Imaging sources larger
than the primary beam
requires mosaicking

ot file version 5 created 19-JUN-1998 11:30:46
|MA-TEST 2.3000E+11 HZ MODEL X PB.SMOOTH.1
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Grey scale flux range= 0.000 4.500 JY/BEAM
Pea{ contour flux = 4.7316E+00 JY/BEAM
Levs = 1.000E-+00 * (-0.500, -0.200, -0.100, 0,100,
0.200, 0.500, 1, 2)
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Grey scale flux range= 0.000 1.000 JY/PIXEL

Peak contour flux = 1.0000E+00 JY/PIXEL

Levs = 1.000E+00 * (0.010, 0.020, 0.040, 0.100,

0.200, 0.400)

(Image credit:
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Gre{ scale flux range= 0.000 4.500 JY/BEAM

Peak contour flux = 3.6146E+00 JY/BEAM

Levs = 1.000E+00 * (-0.500, -0.200, -0.100, 0.100,

0.200, 0.500, 1, 2)

T.J. Cornwell)




Different approaches to mosaic observing

Alternate between a set of pointings with a
traditional (single pixel) receiver

Observe multiple directions simultaneously with a
multi-beam receiver

Continuously scan your telescope (OTF)

Keep your telescope fixed and let the sky drift

el



Different approaches to mosaic observing

Observe a grid of pointings with a traditional
(single pixel) receiver

++ most commonly supported
++ relatively easy to process

— overhead can be large due
to slewing and settling



Different approaches to mosaic observing

Observe a grid of pointings with a traditional
(single pixel) receiver

<7
CCARS

under-sampled Nyquist sampled over-sampled
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Different approaches to mosaic observing

Observe using a multi-beam receiver

++ survey speed increases Npeam
++ overhead decreases
++ UV coverage increases

— beams can not be too closely
packed

(Image credit: I. Heywood)



Different approaches to mosaic observing

Observe using a multi-beam receiver

Sensitivity (5% contours)
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Different approaches to mosaic observing

Observe using a multi-beam receiver

Sensitivity (5% contours)

36 beams + 4x interleaving
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Different approaches to mosaic observing

Continuously scan your telescope (OTF)

++ overhead greatly decreases

— processing can be
challenging

r_ﬂ_'}l_]ih_h

J2000 D

MOS fiel
13A-362 (Myers)
C-band 1hr SB

4.2-5.2 + 6.5-7.5GHz
2 square degrees
OTF scans in RA
432 phase centers



Imaging of mosaic observations

Separately image and deconvolve each pointing

Separately image and jointly deconvolve the
pointings

Jointly image and deconvolve the pointings

Fit a single model to the data from all pointings

el



Imaging of mosaic observations

Separately image and deconvolve each pointing
individually

the linear mosaic of the
individual images

=\ ZiA(f_fi) i(Z)

el



ATCA HIl mosaic

(de Blok et al.)



Imaging of mosaic observations

Separately image and jointly deconvolve the
pointing

e create dirty images for each pointing
e form a linear mosaic of dirty images
e calculate the position-dependent PSF

e deconvolve the mosaic

el



Imaging of mosaic observations

Jointly image and deconvolve the pointings

e use primary beam (A-projection) in the gridding kernel
e use the Fourier shift theorem for different pointings
e combine all of the pointings onto a single UV grid

e deconvolve the mosaic

el



Imaging of mosaic observations

Fit a single model to the data from all pointings

e Maximum Entropy

e Compressed Sensing
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