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Discuss several topics:

Standard calibration and imaging
(DI instrumental effects)
w/ DD iInstrumental and propagation effects

advanced image parameterisations
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"ELESCOPE SENSITIVITY b
Noise limit for imaging with interferometric radio telescopes
S Tsys
Agi X4/ (Av X At)

Sensitivity improvements achieved by
wide band receivers,
long integration times

more antennas

long baselines O intosien % P e BI%IEIX
Bmax ~100 km @200 MHz, the confusion noise 1s
~1 uly beam-1.
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HAPLICATICONS FORAMALIING

Long baselines B =0km — DR> )
Wide-field eftects:
w-term, PB effects and 1onosphere effects

Larger data volume
2
Nane X N, channel X !

ant
Wide-field, wide-band, high resolution, high dynamic range
imaging using large data sizes

a natural consequence of low frequency and high
sensitivity imaging.
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MEASUREMENT EQUATION LY

ljy9 t) JZJ

VObS(I/ = G Mi(s, v, 1) i) i

DATA Welghts DD MT-MFS
observed DI gains & Rau+ 201 |
visibility lonospheric L
Corrections 1§} non-coplanar
Antenna PB Dasenes

Bhatnagar+ 2008, 2013 W-projection
Jagannathan+ 20 | 9’ COI’I’]WG”"‘ 2008
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MEASUREMENT EQUATION ...
F) = [(E(, t) ; E*(g” o Z) : §/C)> 6—2721'?.3’//101

mutual

coherence \ 2 =/§o e R ds
Hneien complex amplitude Point near R?
of the radiation the phase  (ime difference
emanating from the  centre between the
source in the incoming radiation
direction s collected at two
antennas sEParated
by b
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I([,m,n .
V(u, v, w) = [ ( )6‘2”’(”’+Vm+w(”‘1)) dl dm
n

Polarised radiation:

—

E=lECE]

(four cross-correlation products, (E R Ff} per baseline)

Vij) e [Vrr Vrl Vlr Vll]l?]j

7: [Irr Irl Ilr Ill]T
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MEASUREMENT EQUATION ...
E =[E EY]

(suffers from propagate effects and receiver electronics)

(Jones matrices describe this modulation for the electric field
incident at each orthogonal pair of feeds E; = [E” E'] .T)

DI: J' = [GDC] DD: JSky [EPF]
(a 2 X 2 matrix product) (a 2 X 2 matrix product)
complex gains, G, AlPs, E,
polar'n leakage, D and PA effects, P and
feed config'n, C. tropospheric / 10nospheric

effects, and Faraday R'n, F.
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PIEASUR

=3¢

E =[E EY]

(suffers from propagate effects and receiver electronics)

=N

e CIIARICONE =

(Jones matrices describe this modulation for the electric field

incident at each orthogonal pair of feeds £ E, = — /g 5 &
DI: J}* = [GDC]
DD: J = [EPF]
wis, sky} —_ 171 T1ivis, sky}

K [, ® J]

(effect on each baseline i 1s described by the outer-product of
these antenna-based Jones matrices, a 4 X 4 matrix!)

Y/ 0bs _ Vis sky1T7sky 2 —27ib -G/
Vl.j = [KU. ]J[Kij 1°*(s)e dS
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\/Obs T b5 =
V.j (v, 1) = G,ij Wij(, 1) | P; M(s, s t) I(s,v) e ds

DATA {1 Weights DD MT-MFS
observed DI gains & !
visibility lonospheric }} Ll
Corrections non-coplanar

baselines

Antena PB R
W-projection

N70bs __ ryrvis skyyTsky =N —2mi b oA
Vl.j = [Kl.]. ]J[Kij 115 (s)e =™ dQ
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CALIBRATION AND IMAGING

Standard calibration and 1imaging

(DI instrumental effects)
w/ DD 1nstrumental + propagation effects
correction for w term
correction for PB
image plane correction
Fourier plane correction
pointing self-calibration
Mosaicing
w/ advanced image parameterisation
multi-scale CLEAN (deconvolution)
multi-frequency synthesis (imaging)

full polarisation (Stokes) calibration and imaging
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Credits: S. Bhatnagar, synthesis

imaging NRAO workshop
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V(l/t, . W) o [ I(l, m, n) e—27zi(bt1+vm+w(n—1)) dl dm
n
elW\/l e .
divide the FoV 1nto : {0y :
a no. of FACETS 4 { \

Credits: S. Bhatnagar, synthesis
imaging NRAO workshop
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I[(l,m, n)
Vu,v,w) = [
n i
wlj<\/1—lz—m2—1> :

e —2ri(ul+vm+w(n—1)) dl dm

K% = ¢
ij

An order-of ain 3

magnitude faster
than FACETing, and

for the same amount
of computing time 3 .
provides higher DR
images.

Credits: S. Bhatnagar, synthesis
imaging NRAO workshop

Dharam V. LAL (NCRA-TIFR)




CORRECTION FOR PB

A-projection

Y/ 0bs _ Vis sky17sky( 2 —27i b -IA
jore [ ]J[Kij 179 (3)e dQ

\/ (ul I—F—m—1
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ik L YSKY Y GEOMETRY

Visibility depends on time and frequency!
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ORRECTION FOR PB

multi-frequency synthesis
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CORREC TION FOR PB

A-projection
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CORREC TION FOR PB

A-projection

V() = J Pyt ) et e U g

multi-frequency synthesis

I;ky + ngylog(%)
7sky — psky &
v 70
70
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CORRECTION FOR EVERYTHING(?)

FT
+ MT-MFS

+ A-projection

FT FT
(standard imaging) + MT-MFS

Credits: S. Bhatnagar NRAO, USA)
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FT
+ MT-MFS
+ WB A-projection
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D CALIBRATION

N

antenna based gains are determined in the direction of
each compact source.

drawbacks of peeling...

Dharam V. LAL (NCRA-TIFR)

subtract these gains (contribution of compact sources
from the observed data using a DFT) and the residual
visibilities are 1maged again.
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PEELING: DD CALIBRATION ]

antenna based gains are determined in the direction of
each compact source.

subtract these gains (contribution of compact sources
from the observed data using a DFT) and the residual




CTOKES PARAMS_I]K_%Seorge Gabriel S’roksg

[ — total intensity and sum of any two orthogonal
polarisations

Q & U — completely specity linear polarisation
V — completely specifies circular polarisation

Stokes parameters (as percentages of /)

- (RR + LL) Q Re(RL+LR)
2 2 I "REA]
V RR-IL U Im(RL-LR)
| RR+LL o pR Oy

Leakages: the total intensity can leak into the polarised
components (I into {Q,U,V}).
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MUELLER MATRIX Hans Mueller

The leakage of each polarisation into the other can be
measured and quantified in a 4 X 4 matrix (Mueller 1943).

My My My My
Mor Moo Moy Moy

i U uor s o ey
My Myg Myy NMyy
RR + LL My My My My ]
REEER) . | Lol "oe "ot tovl |0
RL—LR| |Mmu myg myy myy| |U
RR — LL My; Myg Myy Myy V
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POLAR\SAT\ON CALIBRATION

Constrained using
calibrator with known

\Jeo U leakage | a4 Stokes parameters

< (O leakage ¢

Need calibrator with
known PA

1 nment => PA cahbratl n. \‘

1 tICIty, Q P y o S . StokesV ~ 0 for most

RL phase, U & V =% calibrators so no need to
worry too much unless you

require very high precision
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For point sources, all of the previous 1s fine.

What if the source you are looking at 1s extended
compared to the telescope beam?

There are instrumental beam effects that can confuse the
measurement of extended polarised signals. They are...

Squint
Squash
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BEAM EFFECTS 2L
For point sources, al BEAM SQUINT Ry TuAsH
: LHCP LHCP
What it the source y
compared to the tele
There are instrum
measurement of e
Squint
YA LR g
V = RHCP - LHCP V = RHCP - LHCP
£ &

OO CK
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BEAM EFFECTS L

For point sources, all of the previous 1s fine.

What if the source you are looking at 1s extended

(9 )

compared to the telesco 12
- 20 1 20
There are instrumentat " 08 € c
8 S s S
measurement of exterz - 04~ J-10
-20 0.2 -20
Squint 0
-20-10 0 10 20 -20-10 0 10 20
SquaSh AZ(arcmin) AZ(arcmin)

AZbw: 31.7, ELbw: 27.8, Th: 1.5 AZbw: 28.7, ELbw: 31.7, Th: 84.0

Credits: S.N. Katore (NCRA-TIFR)

20
§ 10 .
s 0 8
=10
-20
-20-10 0 10 20 20-10 0 10 20
Dharam V. LAL (NCRA-TIFR) AZ(arcmin) AZ(arcmin)
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\/Obs T b5 =
Vl.. W, 1) = Wiv, 1) [Mlj(s,v, ) 1 (, v)ei” ds

"DATA Wihts Mueller  “full-polarization
matrix  vector of the sky
brightness
distribution
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ngs(v, 1) = VVZ']'(V, r) [Mlj(s, U, 1) i (s, y)elsz-3 ds

My(s,v,0) = E(5,v,1) @ EX(5,v,1)
VO, 1) = Wyw, DF [(E,-(E’, v, 1) @ EX(s, v, t)) (S, v)]

where,A; = A; @ A]?k

AlPs for two antenna
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APERTURE ILLUMINATION PAT TERN

Holography data: MeerKAT

Obtained by Fourier Transforming the PB Holography
measurements

Credits: S. Sekhar (UCT-IDIA)
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€redits: P. Jagannathan (NRAO)
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UGMRT DATA
Holography data

scans/data as a function of time
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1/ Obs T b5 =2
ij (D’ t) v lj ij’ t) lj Mij(S,,I/, t) I(, I/) 1% /lJ’ ds

DATA Hl Weights DD MT-MFS

observed DI gains & Rau+ 201 |
visibility lonospheric L
Corrections 1} non-coplanar
Antenna PB i
Acknowledgements: Bhatnagar+ 2008,2013 W-Projection
Rau+ 2009, Jagannathan+ 2019, Jagannathan+ 2019,... Cornwell+ 2008
ASP Conf. Ser. Vol. 180 (1999)

Thank you all for your attention!
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