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Hazards -

Lobes Faraday rotation

* Above the telescope
- Mostly high frequency
- Mostly low frequency
- Everywhere

Galactic CO etc.

---P-H_----& .

lonospheric refraction/Faraday rotation
Tropospheric refraction/absorption

RFI



Troposphere N
Molecular refraction a0 |
- 'Wet' H,0O vapour 3 CO,
* Clouds worse! 0 L
- 'Dry' e.g. Oy, O; =) i
Refracts radio waves =< 77
Phase distorted E - \ <04
- @& = nyoo 2/h = |
* Nnygyo Water vapour e ;
refractive index e v Hs0
Tropospheric errors «1/A A,_&Ap | \H\i _
- Significant at high ) I P P NP P
frequencies v=15 GHz 108 10" 107"

— Sub-mm observing at
cold, high, dry sites

Column density as function of altitude

. . 2
Column Density above h (in g.cm *)




Hazards

« At the telescope and later
- Mostly high frequency

Antenna positions

.. Atmospheric emission noise
= System (electronic) noise (Rx etc.)

g = Bandpass response | |



Off-line calibration

« Correlated data: series of complex visibilities

- Metadata:

« Descriptive: antenna table, source names etc.
« Flagging: antenna not on source etc.
 Calibration: Tsys measurements etc.

« ALMA Science Data Model

— XML structure to hold binary data + metadata
« Very compact, good for transport

- Convert to Measurement Set for easy access/
modification in processing

« Huge data? Look up mms (multi-ms) for parallelisation



Measurement Set

Measurement Set

Measurement Set

Tsys, WVR- apply

Set flux model of flux scale source: setjy
fix positions of Solar system sources

Target, Phase-ref
Bandpass, Flux cal | Ly

v

time-dependent calibration:gaincal

phase of bandpass cal

phase & amp of bandpass cal

<

urequency—dependent calibration:bandpass

per int for cal sources
per scan for target

gaincal
phase of calibration sources

gaincal
phase & amp of calibration

sources

- erivelﬂux densities of cal sources:

fluxscale

setjy set

phase-ref flux

=
applycal, concatenate Measurement Sets
y
gaincal
amp of ghase-ref

applycal, make first images




Visibility data: Measurement Set format

MAIN Flags

(Edits are
stored here
first; backup
tables can be
made and
used to
modify)

DATA

Original

visibilities

 Instrumental calibration in tables inside MS

« Calibration derived during data reduction stored in
external tables (similar format)

« Apply calibration to Data table to write Corrected

- Corrected and Model can be re-initialised if you mess up!




Measurement Set visibility data

> tree jupiterallcal.split.ms

Jjupiterallcal ,split. . m=

* Directory of

Tables
- MAIN Data

e Binary

visibilities
— Observational

properties

- Metadata
« Similar format for
Images
 Easy to access

« http://casa.nrao.edu/
Memos/229.html

ANTEMMA

| —— table.dat
| — table.fO

| — table.info
"— table,lock
DATA_DESCEIRPTIO
| — table.,dat
| — table.fO

| — table.info
"— table, lock
FEED

| —— table.dat
| — table.fO

| — table.f0i
| — table.info
"—— table, lock
FIELD

| — table.dat
| — table.fO

| — table,f0i

| — table.info
"—— table, lock
FLAG_CHD

| — table.dat
| — table.fO

| — table.info
"— table, lock
HISTORY

| —— table.dat
| — table.fO

| — table.info
"—— table, lock

| —— OBSEEMATION
| |— table.dat
I |—— table,.fO

| |— table.info
I "—— table,lock
|—— POINTIMG

| | — table.dat
I |—— table.fd

I |—— table,fii
I |—— table.fl

| |— table.,info
I "— table,lock
|—— POLARIZATION

| | — table.dat
I |—— table.fd

I |—— table,fii

| |— table.info
I "—— table,lock
| —— PREOCESSOR

| | — table.dat
I |—— table.fd

| |— table,info
I "— table,lock
| —— SOURCE

| |— table.dat
I |—— table,.fO

I |—— table,.fi

| |— table.,info
I "— table,lock

SPECTEAL _WIMDOW
|— table.dat
|— table.f0
|— table.f0i
|— table.info
"— table,lock
STATE

|— table.dat
|— table.f0
|— table.info
"— table,lock
table.dat
table,fO
table.fl
table,.f2
table,fF2_TSH1
table.f3
table,.fF3_TSH1
table,f4
table.fh
table.fB
table,.fFE_TSHO
table,.f¥
table,.f¥_TSHM1
table.fB
table,fF2_TSH1
table,info
table, lock



Measurement Set MAIN table

- CTable Browser | = [ %

File Edit View Tools Export Help

= @ 0 T L e

3C277.1Cms (%]
8 UV v FLAG WEIGHT ANTENNAl ANTENNA2 EXPOSURE FIELD_ID TIME DATA =
=
L 53 |[-131860,-138051, 85180.9]  [4,1.. [52,5.. 1 5 7.99 0 1995-04-15-17:14:22.00 |ERSBReTTIEN
m
“ 88 |[-131776,-138090, 8524711 [4,1.. [52,5.. 1 5 7.99 0 1995-04-15-17:14.3#0 [4, 1] Complex
@« 83 |[-131692,-138129,85313.3] [4,1.. [52,5.. 1 5 7.99 0
5
$ | 98 |[-131609,-138168,853795] [4,1.. [52,5.. 1 5 7.99 0 -04-W 3-277.1Cms[53, 21] =
£ 113 [[-131525,-138207, 854456]  [4,1.. [52,5. 1 5 7.99 0 Complex Array of size [ 41 .
ik}
2 | 128 [-131441,-138246, 8551171  [4,1.. [52,5.. 1 5 7.99 0 0

143 |[-131357,-138285,85577.71  [4.1.. [52,5.. 1 5 7.99 0
w 0:(-0.164379,-2.63613)
E 188 (T.1317273 130373 8GRARA3T T1 ra 1 [E2 B 1 = T a0 M
€ || Restore Columns |Resize Headers 1/(0.446854,0.111045)
=
it}
. PAGE NAVIGATION  First < [[1/211]] >> Last 1 2 (-0.0716612,0.223381)
-

3 (-2.49088,-0.869153)

« Some of the columns per visibility

- Data: Complex value for each of 4 correlations
(RR RL LR LL) per spectral channel

 Inspect in CASA browsetable or write to file



Atmospheric absorption, emission
effect on amplitudes

 The atmosphere absorbs the astrophysical signal,
and adds noise

_ 'catm/ cos2Z T 4m! COSZ
T T +T . (1—e )

received — source
where the source would provide temperature T if measured
above the atmosphere and z is the zenith distance

« Same source, same baselines
- Raw amps lower at higher Preciptable Water Vapour

PWYV 0.25mm __ PWV 0.6mm
U ]
o |
] o T
"1 Short baseline =
1 Jrr o v A Ll
:o.ols—: e D"—_ TR W %'WS'!}F
] LJHQ __) |_)"’||n"j E ] ' "éni'n-"“l'; .

Time



System temperature measurement

« Compare response to warm load and ambient cabin T

1
T = -1, TRX+nATsky+<1_nA>Tamb

sys
Ny€

- Solve for Ty

(single or 2-sideband case)

* Provides relative scaling of amplitudes (gain-
elevation, bright sources, weather...)

e Can use to provide a scaling from correlator units
- System Equivalent Flux Density SEFD (Jy) = Tsys/K
« Where K = np Aer/2 kg (Kelvin per Jy)
- Antenna area A.g, efficiency nu



ALMA Amplitude

Calibration
Device (ACD

ALNMA
anNténna

One load at temperature
of receiver cabin (~293 K)
Other load at 353 K
Swing into beam

every few minutes



Visibility amplitude

Raw data, coloured by baseline

100 100 5 101 1015 102 1025 103
Frequency

T, corrections applied

Tsys
before & after

TSYS table: cal-tsys_uid___A002_X1d5a2®

correction

30.calnew  Antenna='DVO06&'

70 F

60 |

Toys (K)

30 |

50 |

40 F

99500 100000 100200 101000 101500 102000 102300

T'sys Corrections

Tsys (K)

30 |

99500 100000 100500 101000 101500 102000 102500

Frequency (MHz)

iYS table: cal-tsys uid__ AD0D2 X1d5a20 _X330.calnew  Antenna='DV10'

30

Frequency

99500

|
01000 101500 102000 102500
Frequency (MHz)

100000



Refractive phase error

e Electro-magnetic wave propagates distance d
through medium with refractive index n

(Nygpo-1) « PWV /AT,

- where PWV=precipitable water vapour column at
atmospheric temperature T,

 Refractive index mostly constant >100 GHz
- Total phase error &, « (2n/A) (ny,o-1)d

o« (27/A) PWV/ T

atm

« Average, total PWV and dry component effect on
delay and pointing corrected on-line for ALMA

- 1 mm PWV ~ 0.7 mm extra path ~ 0.0023 ns delay
- Snell's Law: Sin(inHZO)/Sin(invacuum) = Ny / Nyacuum
Refraction angle 66 ~ on tan(i) < arcmin for ALMA
« Bulk delay corrected on-line



Troposphere variability scales

Width of turbulent
layer, W ~ 800m

>
Wind

75 km/hr

~ 21 m/s

fti Y

 |soplanatic patch > sky area above single mm antenna
« Antennas 1, 2, 3 see slightly different disturbances

« Sky above antenna 4 very different, varies independently
- Residual phase fluctuations calibrated off-line




Kolmogorov turbulence

(l)rms A

deg. .
30 Baseline < W

Thick screen

Kolmogorov
prediction
B > Outer Scale (Coulman'30)

Uncorrelated K

(XOS -~ 01 q)rmSzTB

where K~100 at
ALMA for A in mm
and o depends on
the length of
baseline B
compared with W,
the thickness of
0.1 1 10 km the turbulent
« Baseline2-3 < W layer

- Phase noise ¢.._.increases as B*°

rms

. Baselines 1-2, 1-3 > W but < OS: ¢, x B?
 Baselines 4-* in outer scale regime: ¢, levels off

W< B < 0OS
Thin screen

10

3

<



Refraction variations = phase errors
= amplitude loss, position jitter

« Averaging fluctuating phase decorre ates amplltudes
- Visibility V=V, e’¢ [ —
(VY=V ()= v g (tms)12

O IN radians |

Lose ~2% amplitude for 10° ¢,,.o

* |n addition to absorption loss E _

» Fluctuations on time-scales ...
~1 sec: raw data position jitter Rl "
~04 Position per integration, -

« Water Vapour Radiometry raw IRAM PdBI data (Krips) -

—0.4 —0.2 0.0 0.2 0.4

- Measure sky emission around o=

183-GHz water line for each antenna, every ~second

 Calculate PWV column and hence phase delay
- Derive corrections @, « (2r/L) PWV

0.2

0.0

cbserving time 0 — 495 sec




Phase

PWV ~0.6, Band 9 raw 0.25 - 2.5 km baselines

Time

200
: RAW PHASE WIS WVR befO re
150+ T ) .
] I
1007 > 8 * ta’e
o ooy - .
50 :-::,!-."'. ‘o:.?.:". & afte r
A WE I T
1 e % v .
50 et T T e Phase
: Long baseline
_150—3 : : ’ .' Short basellne
-200—_ 3 .
11: 5|3 20 2 01: 40 12 10: oo Tlimiés(i?-om 201;/2023/10;} |12;3|5;0clz - i2;4|3;20| WVR CO rrecti O nS
. T table: uid___A002 xt’:d5bd2 X31.ms. W\: IAntenna4D:2; i LQ(] g Short
E _52 J " ] PWV ~0.6, Band 9 wvr 0.25 - 2.5 km baselines
5 Sl = WVR-Corrected PHASE :
[} wo" . %

WVR Correctlons w] O S
a0 -l 3 R U IR Y SO
E _1(5:2 § 50 ’ 'f;:l'.l{'..- < e ..o:
© —-150 ] '.' :.?- . : . :

11: 54 14 4 12: {15 455 12:1?!:16.? 12:28:48.0 -100 ] ° ¢t -
Time ] . - ® .
wf ,
] 5. .
-200 -
11:53:20 12:01:40 12:10:00 12:18:20 12:26:40 12:35:00 12:43:20



Calibration using astrophysical sources

« A typical observation includes at least the following:

- Science target source(s)

- Phase reference calibrator close on sky to target
« Bright enough to give good S/N in each scan

- Bandpass calibration source
« Strong enough to be seen in a single channel

- Flux scale calibrator of known flux density

A calibrator; may be used in more than one role

- Needs accurate position, compact structure (or good model).

« Calibration software compares the visibilities for a
source with a model and calculates corrections to
bring the observed visibilities closer to the model



Phase referencing

e Observe phase-ref source close to target
- Point-like or with a good model
— Close enough to see same atmosphere
« ~2-15 degrees (isoplanatic patch)
- Bright enough to get good SNR much
quicker than atmospheric timescale =
* 110 min/30 s short/long B & low/high v

- Nod on suitable timescale e.g. 5:0.5 min

 Derive time-dependent corrections to
make phase-ref data match model

* Apply same corrections to target
— Correct amplitudes similarly

 Self-calibration works on similar principle




Source structure in uv plane

J2335-0131 phose—ref

RXLJZ341.1 4001 B clegnop 1.imoge. il —raster

| | | | | | | | | I I I [ I I |
I 07" |
38" —
na" .
st - =
5 5
-E = n —
E 34“ H— ] E Dg
k= S c’
pir) Lar]
| 5" | i 1o |
e i
& 'S,
39" =
11" .
A =
- —13112° () R
0°18'3D" | | | | | o ST | |

Extended source: more flux
on short baselines

Point source: same ﬂux denS|ty
on all baselines (within errors)

Baseline length in wavelengths (uv distance)

Visibility amplitudes




Phase referencing

ICRS Declination

JEII
35“
_34“
_32“
-31 1

0%18'30"

RXCJZE41.1 4001 B clegnup 1.imuge. it —raster

Target RXCJ2341 |
)

I I I I I I I I T
23" 0D 05°% DE".8
ICKE Right Ascension

ICR& Daclination

D?II

lDBII

Dgll

1DII

11"

-1731"12"

33350 s 2055

J2335-01.31 phose-—ref

Phase-refJ2335-(5131
P ~2.3° from target

L Unresolved point

I I I I I I I I
20°.4 2073
ICRS Right Ascension

* Phase reference has accurate position; should have flat
amplitudes and 0c phases; use this as model

« Calculate corrections to make actual phase-ref phases

match model

* Apply these to phase-ref and target



Phase

160
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Phase errors in 3D
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Calibration strategy

« Need Signal to Noise Ratio  6,,1/S calsource™ 3

— per calibration interval per antenna
N(N-—-1)/2
Oant<6t’6v) ~ Oarra \/ ( )
Y N -3
* Oarray IS NOISE in all-baseline data per time-averaging interval
per frequency interval used for calibration

- Have to average in time and/or frequency

« Bandpass first or time-dependent cal. first?
- Do not average over interval where phase change d¢ >n/4
« Keep polarizations separate if possible in early calibration

« Usually start with bandpass calibrator

 First, time-dependent ¢ calibration
- allow averaging up in time to get enough S/N per channel



Calibration with astrophysical sources

« Bandpass calibrator - bright as possible

1. Derive time-dependent phase (optional amp) calibration
(G1) with solint int (if necessary select good channel range)

2. Apply calibration (G1), average all times for freq. dependent
phase & amplitude calibration, i.e. bandpass calibration (B1).

- Average narrow channels to ~5 - 20 MHz
* Gl /s not used any more

* Phase-reference - fairly bright source
3. Apply B1 and derive time-dependent phase calibration (G2)
average all channels, shortest dt for enough SNR (default int)
4. Apply B1, G2, derive time-dependent amp. cal. per scan (G3)

5. Apply B1 and derive time-dependent phase cal. per scan (G4)
to maximise S/N and 'relevance' to target



Instrumental calibration only

180 _; iyt ||I ":?lil 'i::
g Yo 1
1 Bandpass cal. source "
L Tsys, WVR, other |'| ot
h, | . |l=| 1
instrumental 5
0 calibration applied,
; otherwise 'raw’  /
] ':I5 4 /
i a lIIII . Jf/ //
180 i AN
03:06:40 08:40:00 . '14:13:20 19:460 } 25:20:00 (l)
G table: cal-ngc3256.G1api \\ '

Gain Phase (deg)

Average inner 50% e
channels, compare ‘=
with model, derive
time-dependent
corrections (per
antenna) G1

06:00:00.0

12:00-00.0 18:00:00.0
Time

00:00:00.0

|--il"' '

‘Ilil b |'

e
] iiilﬁ i

First time-
dependent
phase
correction

Time-dependent phase-cal applied

Data with first
time-dependent

phase corrections
G1 applied.

NB different y-axis
Scale

|\ T T T T T T T T ///1 T T T T T T
_ -.08:40:00 14:13:20 ﬁ;ﬂ,e;ﬁm 25:20:00
T e HimE (from-2011/04/16)
—_ _—



(I) Instrumental calibration only

B Bandpass

"""""" :""::'"'"m""""""I;:;:;:IIIIIIIIZI:;::::;;;:::::;;;;;;;;;;;;;;;;;; Cd I | b 'a t | on

..“.......-..7
fH

1 L /
] ' / ,/ ...........
_ .....:..(.’- (l) Bandpass and time-dependent calibration applied
} --“----------.-.......-..---.-....-...::::!!':::;____“I== ___________________________ ;
180 M s e 18g Bandpass cal. with first time-
Frequency ; dependent phase corrections
Apply 1* time-dependent corrections G1 G1 and bandpass corrections
Average all times, derive frequency- 5 . Bl applied. Now discard G1. .
dependent Ca|ibr\af'on bandp ass table B1 0 !i!l!ii!ii!iii!!li|||iiiii||||/i|fi|ji!|iiii|llii|l|iiiii|||nii::IIIii|iIIii!iIil!iiii!iii!!ililll|||i|ii|ii
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0.056 4

Phase ref. source 'raw' anr_mps Ph a Se-ref

Apply B1, G2 and G4 to the

w l _
O L R
i i amp & phase
o 1tk Ez I.ggi; |;E
£ {fght il £ : :
<i**‘l | 1 calibration
i 1
P Time i T s Phase-ref. with bandpass iy |
—_"- ML corrections B1 and time- 1! !;
| dependent phase & amp
(?table: cal-ngc325?‘.62i Z C reCthnS G2’ G3
| S| ° | applied
= Apply bandpass = ]
table B1 e
o ——w== Averageallchans, < | /
-~ derive time- /
\\\ dependent per'|nt %0 | |08:4|0:00| | IM:I*-’“I Iznljlulgiiﬂ;siqﬁojl I Izs;z‘o;ool
phase corrections gy g Time
Q G2. Apply and = &= | Derive per-scan phase-ref
2 derive amp. w | cCOrrections G4
o corrections G3. g

B

Time o000 phase-ref and the target



50" =
o ! "o

—43°54'00 -

20" ‘

30n

40"

500

10P27M543

ty

J2000 Right A

Tsys, WVR,

Bandpass cal only:
no source seen

| |
57° 51°

50" T
' —43%54'00"
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plus

phase-only solutions:
source seen, snr 15

J2000 Right A

—43°54'00" -

00

20|| —
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40" =

Phase & amp: effects on imaging

No phase—reference calibration
|

- .

plus

amplitude and phase
solutions:
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Phase and amplitude calibration
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Flux scale calibration

* QSO are mostly used for BP and time-dependent phase
and amplitude calibration: sub-arcsec, bright sources

« Small source, shorter light-travel diameter - Variable!
- Monitor flux standards with respect to known source

« Flux-stable sources are mostly large, resolved

- ALMA now mostly uses well-modelled smaller planets
e.g. Neptune as primary reference for 'grid' QSOs.

« Calibrate time-varying gains, bandpass

- Derive scaling factor from correlator units to Jy and apply
to all sources (usually by scaling amp cal table G3)



Measurement Set

Measurement Set

Measurement Set

Tsys, WVR- apply

Set flux model of flux scale source: setjy
fix positions of Solar system sources

Target, Phase-ref
Bandpass, Flux cal | Ly

v

time-dependent calibration:gaincal

phase of bandpass cal

phase & amp of bandpass cal

<

urequency—dependent calibration:bandpass

per int for cal sources
per scan for target

gaincal
phase of calibration sources

gaincal
phase & amp of calibration

sources

- erivelﬂux densities of cal sources:

fluxscale

setjy set

phase-ref flux

=
applycal, concatenate Measurement Sets
y
gaincal
amp of ghase-ref

applycal, make first images




Gain Phase (deg) Gain Phase (deg) Gain Phase (deg)

Gain Phase (deqg)

'Int' phase solutions point source

Bad - Bad -
G table: RXC)2341.split.pl noisy 1a='DA45" noisy?
N ' - 5 g —]
188 FR 10v B e Failed & -
SF = BN ©omo2 a¥es
E 3 . TR b 0
20:32:38.3 20:38:24.0 20:44:09.5 20:49:55 1 20:55:40.7
Tinno
Lge slope Consider using half-scan solint for transfer to target
150
100 f o
_BF % 3 E !% L pe 53% g%eﬂcag
198 f £ a% :
20: 32 38.3 EEI 38 24.0 20: 44 09.5 20 49 55 1 20:55:40.7
Ti
G table: HECJ2341.5pIiItTF:?1 Antenna='DA47’
%%H [ | | | | | ]
so L Refant .
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:]:EH : | | | | | :
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By ftnodﬂ £ m%ﬂa cFﬁql R %Faa :
eyl ¢ ' ¢ ]
W P .. 30

20-32:38 3 20-38:24 .0 20-44:09.5 20-49-55 1 20-55:40.7
Time



Amp solutions for point source

Gain Amplitude  Gain Amplitude  Gain Amplitude

Gain Amplitude

0t o L e L T 2 e L P O D= g Wl =

D = g L fn

Noisy, anomalously high (implies

data are weak or phase solutions bad)

Missing as

:nna='DA45'Phase sol.

- . ' Talled . T8 ]
- ~ i
C 0 e - L 1
e_0
- ° e % O o 6 e g0 8 ]
— | | | | | —
20:32:38.3 20:38:24.0 20:44:09.5 20:49:55.1 20:55:40.7
Ime
T table: HKCIESLII.SBEt.al Antenna='DA46'
_ A bit high, probably bad at the end | e
- ] .
. o0 L -.. 8gg e 0o oo TL g8 :
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Simple calibration in practice

» Generally trust pipeline/observatory calibration

- Check sample images/calibration plots/weblog (tomorrow)
- If problems:

« Good diagnostics: Flux scale, corrected BP cal bandpass
* Check phase-ref solutions (next slides)

- CASA divides complex solutions into data

« High amp solution means actual data has low power
- If applied to data, noise will be increased
 If you need to re-do calibration, or for self-cal:

- Check actual data to estimate solints

- Examine data for antennas with many failed/anomalous
solutions

- Check raw/earlier data in case previous calibration bad



Libraries use Measurement Equation

Vi; = MyBGyDJE Py T ¥ SL, (0y) expliZr (ujpc+viy)] dxdy +4A;

Vectors Starting
Visibility = f(u,v) = point
I mage Goal

Additive baseline error
Scalars

S (mapping

polarization)
x,y Image plane coords
u,v Fourier plane coords
i,j telescope pair

Methods
to observer

Jones Matrices jiEEmEy

Multiplicative baseline
error

Bandpass response

Generalised electronic
gain

Dterm (pol. leakage)

E (antenna voltage
pattern)

Parallactic angle
Tropospheric effects
Faradayv rotation



Using the Measurement Equation

« Hamaker, Bregman & Sault 1996
- Decompose into relevant calibration components
e.g.
obs — T/ ideal
» Vo> = ByGy TV, /o=

— Chose one (or a few) at a time

« Usually solve fastest-varying first
- (so averaging over slower-varying)

- Compare data with model or idealisation

« Linearise and solve by 2 (or other) minimization

- | ignor online calibration (e.g. bulk delay), and
polarization-related effects

« XX and YY can have slightly different amplitudes which
change with time, but total intensity is not affected

—



The method behind solving the ME

« Express the correlator output as the coherency
matrix of the signals from each pair of antennas .

- Using a circular polarization basis, form outer product:
Ei.:eieT: Ri R%K L* — R’Ri Ri Li
oL L,R; LL

J J
I

« Equivalent to V<“’v>"f:(§}§ ﬁ)

» Replace signal e from each antenna with corrupted
signal e'i = Ji €;

- Jijis a (2 x 2) Jones matrix for antenna-based terms

e.g., for the complex 'gain' errors affecting amplitude
and phase: g. 0
J.=|"R

0 g,




The method behind solving the ME

« The corruption of the 'true’ visibilities E;; is written as
E =e e =JE]J"
- Jones matrices known so expression can be inverted:
E=J 'E J
* If polarization is ignored and errors are constant across
the (small) field of view, this can be linearised
V=g g v
- Vmod gre visibilities corrected for the errors represented by

this Jones matrix, solved by to find corrections Jj, J; to
apply per antenna by minimising

W= Ve vl w,
- Weights (if any) Wj; = s;2 are derived from previous noise

estimates e.g. sample size, scatter in previous solutions
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