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Definitions of u and /

b=B/A
u=bcoséb
[=sin a

u = bcost

antenna 2




Visibility and Sky Brightness

* V(u,v), the complex visibility function, is the 2D Fourier transform of T(lm), the
sky brightness distribution (for incoherent source, small field of view, far field, etc.)

[for derivation from van Cittert-Zernike theorem, see TMS Ch. 14]

* mathematically

Viu,v) :/fT(l,m)e_i%(“H”m)dldm
T(l,m) = //V(u, v) e 2T ) gy dy

u,v are E-W, N-S spatial frequencies [wavelengths]
l,m are E-WV, N-S angles in the tangent plane [radians]

(recall ¢** = cosx 4 isinx)

‘F

Vu,v) = T(l,m)




Example model sky brightness T(1,m)
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Dirty Beam and Dirty Image
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Deconvolution in Radio Astronomy

Two most common deconvolution algorithms

 clean (Hogbom, J.A 1974, A&AS, 15, 417)
« a priori assumption: T(Im) can be represented by point sources
« variants to improve computational efficiency, performance on
extended structure
« maximum entropy (Gull, S.F. & Daniell, G.J 1978, Nature, 272, 686)

 special case of forward modeling that minimizes an objective
function that includes the data and a regularization term
(“regularized maximum likelihood” methods)

* a priori assumption for max entropy: T(,m) is smooth and positive
« vast literature about the deep meaning of entropy (Bayes theorem)

A very active research area! (see, e.g. EHT M87 imaging paper)
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Clean Example

T°(I,m) 30 clean components
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Clean Example
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Clean Example
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Clean Example: Restored Image

T2(,m) 585 clean components restored image
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final image depends on
* imaging parameters: pixel size, visibility weighting scheme, gridding, ...)
« deconvolution: algorithm, iterations, stopping criterion, ...)
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Clean Example

T°(,m) 100 clean components

0.1

DEC offset (arcsec; J2000)
0.04
DEC offset (arcsec; J2000)

5

0 5

5

0
RA offset (arcsec; J2000) RA offset (arcsec; J2000)

o

003

0.02

n.m

DEC offset (arcsec; J2000)

5

residual map

0
RA offset (arcsec; J2000)

[/}




Clean Example

T°(,m) 300 clean components

01

DEC offset (arcsec; J2000)
0.048
DEC offset (arcsec; J2000)

5 0 5 5 0 5

RA offset (arcsec; J2000) RA offset (arcsec; J2000)

003

noz

nm

DEC offset (arcsec; J2000)

residual map

RA offset (arcsec; J2000)

T
c
=
x
<




Clean Example

T°(I,m) 585 clean components

01

=) s
Q S
<L <]
N N
- -
8 <
® @
1 - @
5 i S &
< c <
et

F °
= n
- —
= -—
° °
[3) e
2 2
a a

0

0 5 5 0
RA offset (arcsec; J2000) RA offset (arcsec; J2000)

0n.03

n.nz

om

e; J2000)

et (arcse

DEC offs

residual map

S

RA offset (arcsec; J2000)

threshold reached

'.'I:
<




Clean Example: Restored Image

T2(,m) 585 clean components restored image
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* imaging parameters: pixel size, visibility weighting scheme, gridding, ...)
« deconvolution: algorithm, iterations, stopping criterion, ...)



