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E x p e r i m e n t a t i o n  w i t h  W V - l i n e  f e a t u r e s  -  e m i s s i o n  i n  c a s e  o f  t h e  w e a k  s o u r c e

( t y p i c a l l y  c a l i b r a t o r )  a n d  a b s o r p t i o n  f o r  t h e  S u n  -  i n  t h e  s c i e n c e  S P W s :  e i t h e r

a u t o - c o r r e l a t i o n s  ( A C s )  o f  S Q L D .  W e  a i m  t o  u s e  t h o s e  f e a t u r e s  f o r  e v e n t u a l

p h a s e - e r r o r  c o r r e c t i o n s  o n  t h e  s h o r t  t i m e - s c a l e s ,  a s  a n  a l t e r n a t i v e  t o  W V R  d a t a

a n d  w v r g c a l ( ) ,  w h i c h  a r e  u n a v a i l a b l e  ( s a t u r a t e d )  i n  c a s e  o f  s o l a r  o n - s o u r c e

scans.

T h e  c o l l e c t i o n  o f  r o u t i n e s  h e r e  i s  d e v i s e d  f o r  t h e  f o l l o w i n g  g r o u p  o f  t a s k s :

1 .  M u l t i - p u r p o s e  ( n o n - s p e c i f i c )  h e l p e r s :  r e b i n ( ) ,  s m o o t h ( ) ,  p a r e g r e s s i o n ( ) .

2 .  P e r f o r m  d u a l - l o a d / A C D  c a l i b r a t i o n :  a c d _ c a l T a b l e s ( ) ;  a p p l y  i t  t o  M S  p o w e r s

   t o  c o n v e r t  t h e m  t o  c a l i b r a t e d  T _ B :  t g t _ T b ( ) .  D i a g n o s t i c s :  a c d _ c a l t a b _ p l o t s ( ) .

3 .  E x t r a c t  t h e  r a w  d a t a  f r o m  M S s  a n d  c a l T a b l e s :  t g t _ p o w ( )  a n d  g e t P h a s e ( ) .

   D i a g n o s t i c s :  p l o t P h a s e s ( ) .

4 .  S e t u p  t h e  a t m o s p h e r e  ( A T M )  m o d e l  a n d  u s e  i t  f o r  c a l c u l a t i o n  o f  o p a c i t i e s :

   s e t A t m T o o l ( ) ,  w o p a c i t y ( ) .

5 .  U s e  a l l  a b o v e  +  m a t h e m a t i c a l  m o d e  d e r i v e d  i n  P R 1 1  t o  c a l c u l a t e  t h e  v a r i a t i o n s

   o f  PWV (p roxy /mode l ) :  dPWV()

6 .  Ana l ys i s :   Compare  t he  dPWV p roxy  vs .  phase  va r i a t i ons

7 .  V e r i f i c a t i o n :  C o m p a r e  o u r  d P W V  p r o x y  f o r  t h e  B P - c a l i b r a r o r  w i t h  a n  a c t u a l

   PWV/WVR data measured in ASDM_CALWVR (accessed via wvrgcal())

7 .1  Spec i f i c  f o r  2022 .1 .00031 .CSV-Sun10a-05 - INT  SB:  Ana lys i s  o f  unsa tu ra ted

    raw WVR da ta

- - - - -

Notes

=====

A d  ( 2 ) :  N o t e  o n  c o m p a r i s o n  w i t h  s o l _ s q l d _ m e a n _ 2 ( )  i n  s u n _ r e d u c t i o n _ u t i l s . p y .

We  ex t rac t  t he  f u l l  AC  and  SQLD da ta  f r om the  MS (us ing  ms .se lec t ( ) )  and  make

t h e i r  a v e r a g i n g  h e r e  u s i n g  n u m p y . m e a n ( ) .  T h e  s u n _ r e d u c t i o n _ u t i l s . p y  u s e s

m s . s t a t i s t i c s ( )  i n t e r n a l l y  i n  i t s  s o l _ s q l d _ m e a n _ 2 ( )  h e l p e r .  F o r  S Q L D s ,  t h e

r e s u l t s  o f  n p . m e a n ( )  a r e  v e r y  s i m i l a r  t o  t h o s e  o b t a i n e d  b y  s o l _ s q l d _ m e a n _ 2 ( ) .

The  d i f f e rence  be tween  ou r  app roach  and  tha t  i n  so l_sq ld_mean_2 ( ) ,  wh i ch  uses

m s . s t a t i s t i c s ( )  i n t e r n a l l y ,  i s  l e s s  t h a n  0 . 0 1 5 %  ( t h e  r e l a t i v e  e r r o r )  a n d  l o o k s

t o  b e  r e l a t e d  b y  r o u n d i n g  i n a c c u r a c y  ( l e s s  a c c u r a t e  r e p r e s e n t a t i o n  o f  t h e

f l o a t  d a t a  i n  o u r  a p p r o a c h ) .  O u r  a p p r o a c h  i s ,  h o w e v e r ,  m o r e  g e n e r a l  -  i n  t h e

a l r e a d y  m e n t i o n e d  s e n s e  o f  i t s  a p p l i c a b i l i t y  t o  b o t h  S Q L D  a n d  A C  ( c h a n n e l i z e d

o r  i n t e g r a t e d )  s p w s ,  b u t  a l s o  b e c a u s e  i t  c a n  b e  u s e d  f o r  t h e  c o n c r e t e  s e l e c t e d

a n t e n n a :  s o l _ s q l d _ m e a n _ 2 ( )  a c c e p t s  t h e  a n t e n n a - n a m e s  l i s t ,  t o o ,  b u t  i t

M U S T  b e  a  c o m p l e t e  l i s t  o f  * a l l *  a n t e n n a s  f o r  t h e  g i v e n  M S ,  o t h e r w i s e  m a p p i n g

b e t w e e n  a n t e n n a  n a m e  a n d  i t s  I D  ( i n t  n u m b e r ) ,  w h i c h  i s  i n t e r n a l l y  u s e d  i n  t h e

so l_sq ld_mean_2( )  method,  ge ts  b roken.

A d  ( 3 ) :  N o t e  t o  e x p e r i m e n t i n g  w i t h  D u a l - L o a d  ( D L :  H o t ,  A m b i e n t ,  S k y )  c a l i b r a t i o n

us ing ALMA ACD. We ext ract  P_hot ,  P_amb,  and P_sky for  a  g iven antenna and ATM

s c a n .  F o r  t h e  S u n ,  w e  e x t r a c t  a l s o  P _ o f f ,  w h i c h  i s  b a s i c a l l y  P _ s k y ,  b u t  w i t h  t h e

a t t e n u a t i o n  s e t  t o  t h e  h i g h ,  s o l a r - l e v e l ,  v a l u e .  T h i s  i s  n o t  p r e s e n t  i n  t h e
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A T M  s c a n  p r e c e d i n g  t h e  s o l a r - t a r g e t  s c a n ,  b u t  i n  t h e  S u n - s c a n  i t s e l f :  I n  i t s

v e r y  f i r s t  a n d  v e r y  l a s t  s u b - s c a n  ( s e e  F i g .  4  i n  S h i m o j o  e t  a l . ,  2 0 1 7 ) .

We  ex t rac t  a l so  ACD load  t empera tu res  and   -  f o r  SQLD spws  -  a l so  t he  P_ze ro

o f f s e t  f o r  t h e  s c a n  a n d  c a l c u l a t e  t h e  g a i n  G  a n d  T _ r x  a c c o r d i n g  t o  f o r m u l a e

( 7 )  a n d  ( 9 ) ,  a n d  " s o l a r "  ( i . e .  i n  h i - a t t e n u a t i o n  s e t u p )  g a i n  G *  a c c o r d i n g  t o

E q .  ( 8 )  i n  W h i t e  e t  a l .  ( 2 0 1 7 ) .

T h e  m a i n  d i f f e r e n c e  t o  s o l a r  f l u x  c a l i b r a t i o n  i m p l e m e n t e d  i n  s o l _ a m p c a l 2 ( )  i s

t h a t  w e  c a n  u s e  h e r e  a l s o  

1 .  a u t o c o r r e l a t i o n  ( A C )  d a t a  a n d  n o t  j u s t  t h e  S Q L D s ,

2 .  we  may  ex t rac t  ACs  i n  t he  ATM scans  i n  SPWs w i th  t he  channe l i zed  da ta

    i n  o r d e r  t o  r e c o n s t r u c t  t h e  s p e c t r a l l y  r e s o l v e d   T s k y + T s r c  ( 1 2 8  c h a n n e l s ) .

The  ob ta ined  ACD ca l i b ra t i on  (ga ins  G  and  G* ,  T_ rx  and  i n  case  o f  SQLD

d a t a  a l s o  t h e  o f f s e t  P _ z e r o )  i s  s u b s e q u e n t l y  a p p l i e d  t o  t h e  t a r g e t  s c a n  i n

o r d e r  t o  c o n v e r t  m e a s u r e d  r a w  p o w e r s  ( A C  o r  S Q L D )  i n t o  b r i g t h n e s s  ' s k y '

t e m p e r a t u r e  -  t h e  s u m  o f  s o u r c e  ( a t t e n u a t e d  b y  t h e  t e r r r e s t r i a l  a t m o s p h e r e )

a n d  t h e  c o n t r i b u t i o n  o f  o u r  a t m o s p h e r e .

" " "

import numpy as np
import math
import os
import sys
import matplotlib.pyplot as plt
from copy import deepcopy

# Where ( in  which Tsys SPW) we can f ind ATM/ACD data for  our  sc ience SPW?

from casarecipes.almahelpers import tsysspwmap

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

#       1 .  ' U n i v e r s a l '  h e l p e r s  -  g e n e r a l - p u r p o s e  a u x i l l i a r y  f u n c t i o n s

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def rebin(array1D,downSampleFactor):
  " " "

  T h i s  i s  a  g e n e r a l - p u r p o s e  h e l p e r  a n a l o g i c a l  t o  t h e  I D L ' s  r o u t i n e  r e b i n ( ) .

  I t  down-samp les  1D-a r ray  *a r ray1D*  by  the  *downSampleFac to r * .  The  d imens ion

  o f  t h e  a r r a y 1 D  m u s t  b e  e v e n l y  d i v i s i b l e  b y  t h e  d o w n S a m p l e F a c t o r !  I f  n o t ,

  t h e  o r i g i n a l  ( n o n - r e s a m p l e d )  a r r a y  i s  r e t u r n e d  a n d  a  w a r n i n g  i s s u e d .  I n  s u c h

  a  c a s e ,  i t  i s  a d v i s a b l e  t o  u s e  m o r e  c o m p l e x  r e b i n 2 ( )  m e t h o d .

  

  R a t i o n a l e  f o r  u t i l i z a t i o n  h e r e :  W e  a r e  f r e q u e n t l y  t r y i n g  t o  f i n d  c o r r e l a t i o n s

  b e t w e e n  q u a n t i t i e s  l i k e  p h a s e  v a r i a t i o n s  a n d  o u r  m o d e l  P W V - p r o x y ,  a n d  t h e s e

  n e e d  n o t  t o  h a v e  t h e  s a m e  s a m p l i n g  r a t e  ( t y p i c a l l y  o u r  P W V - p r o x y  f r o m

  a u t o - c o r r e l a t i o n s  h a s  c a d e n c e  0 . 1 9 2 s ;  f r o m  t h e  S Q L D  d a t a  y e t  s h o r t e r ,  b y  a n

  i n t e g e r  f a c t o r  o f  1 2 ,  w h i l e  t h e  B P - c a l i b r a t o r  p h a s e s  a r e  s o l v e d  a t  i n t e r v a l

  o f  1 . 9 2  s e c ) .

  " " "

 
  origDim=array1D.size
  
  #  C h e c k ,  w h e t h e r  w e  c a n  d o  t h e  d o w n - s a m p l i n g .  R e t u r n  o r i g i n a l  a r r a y  i f  n o t

  #  a n d  p r i n t  w a r n i n g .

  i f (origDim % downSampleFactor):
    print("rebin(): Array dimension is not divisible by the re-bin factor!")
    return array1D
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  #  D o w n - s a m p l e d  s i z e  o f  t h e  a r r a y .

  newDim=origDim/ / downSampleFactor
  
  #  M a k e  a n  a r t i f i c i a l  2 n d  a x i s  i n s i d e  t h e  n e w  b r o a d e r  b i n .

  array2D=array1D.reshape((newDim,downSampleFactor))
  
  #  N o w  ' c o n t r a c t '  t h i s  2 n d  a x i s  b y  a v e r a g i n g  o p e r a t i o n .

  array1DResampled=array2D.mean(axis=1,dtype=np.float64)
  
  
  return array1DResampled

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def rebin2(array1D,origX,downSampledX):
  " " "

  T h e  r e b i n ( )  m e t h o d  g e n e r a l i z e d  f o r  t h e  c a s e  t h a t  d o w n - s a m p l e d  a r r a y  e l e m e n t s

  canno t  be  s imp ly  ca l cu la ted  as  ave rages  ove r  *downSamp leFac to r *  e lemen ts

  o f  t h e  o r i g i n a l  a r r a y ,  b e c a u s e  t h e  d i m e n s i o n s  d o  n o t  a g r e e .

  W e  s u b m i t  t h r e e  a r g u m e n t :  * a r r a y 1 D *  a r e  t h e  1 D  d a t a  ( e . g . ,  r e c o r d e d  p o w e r s

  i n  o u r  S Q L D  s p w ) ,  * o r i g X *  i s  t h e  x - g r i d  o f  t h e  o r i g i n a l  d a t a  ( i . e . ,  t h e  t i m e s

  a t  wh ich  the  SQLD powers  a re  measured  i n  the  above  examp le ) ,  and  the

  * d o w n S a m p l e d X *  i s  t h e  n e w ,  d o w n s a m p l e d  x - g r i d  ( i n  t h e  u s e d  e x a m p l e  i t  i s

  t y p i c a l l y  t h e  l o w e r - c a d e n c e  t i m e - a x i s  f o r  t h e  c o r r e s p o n d i n g  A C  r e s o l v e d  s p w ) .

  W e  f i r s t  d e f i n e  a  n e w  h i g h - c a d e n c e  x - a x i s  w i t h  a  g r i d d i n g  t h a t  i s  ( i )  a s  m u c h

  c l o s e  t o  t h e  o r i g i n a l  x - g r i d  a s  p o s s i b l e ,  a n d ,  a t  t h e  s a m e  m o m e n t  ( i i )  t h e

  n e w  g r i d  r e p r e s e n t s  a n  e v e n  d i v i s i o n  o f  t h e  l o w - c a d e n c e  g r i d .  T h e n  w e

  c a n  a l r e a d y  c a l l  o u r  s t a n d a r d  r e b i n ( )  m e t h o d .

  R a t i o n a l e :  L i k e  w i t h  r e b i n ( ) .  T h i s  m o r e  g e n e r a l i s e d  r o u t i n e  h a s  b e e n

  i n t r o d u c e d  n a m e l y  b e c a u s e  o f  t h e  n o n - c o m e n s u r a b l e  ( n o  e v e n  d i v i s i o n )  t i m e

  meshes for  SQLD and the AC spws in some MSs.

  " " "

  # - -  F i n d  t h e  ( e q u i d i s t a n t )  g r i d d i n g .

  #  O r i g i n a l - a r r a y  g r i d .

  oSize=origX.size
  oDx=(origX[oSize- 1]- origX[0])/ oSize

  #  Resamp led -a r ray  g r i d .

  rSize=downSampledX.size
  rDx=(downSampledX[rSize- 1]- downSampledX[0])/ rSize

  # - -  C r e a t e  a  n e w  g r i d ,  e v e n l y - d i v i s i b l e  t o  t h e  d o w n - s a m p l e d  m e s h .  

  
  #  D o w n - s a m p l i n g  f a c t o r ,  a s  m u c h  c l o s e  t o  t h e  o r i g i n a l  c a d e n c e - r a t i o .

  dsFactor=round(rDx/ oDx)

  #  A  n e w  c e l l - s i z e .

  nDx=rDx/ dsFactor

  #  A  n e w  g r i d / x - a x i s .

  nxGrid=nDx* np.arange(dsFactor* rSize)+downSampledX[0]
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  # - -  I n t e r p o l a t e  t h e  d a t a  t o  t h e  n e w  g r i d .

  nArray1D=np.interp(nxGrid,origX,array1D)

  # - -  N o w  w e  c a n  c a l l  r e b i n ( ) .

  return rebin(nArray1D,dsFactor)

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def smooth(array1D,kernel):
  " " "

  A  s i m p l e  s m o o t h i n g  o f  * a r r a y 1 D *  p e r f o r m e d  b y  a  c o n v o l u t i o n  w i t h  t h e

  m u c h  s h o r t e r  1 - D  a r r a y  * k e r n e l * .  K e r n e l  m a y  b e  a  b o x  o r  a t  r i a n g l e  f u n c t i o n  o r

  w h a t e v e r  s i m i l a r  w i t h  t h e  f i n i t e  ( a n d  r a r t h e r  s h o r t ,  i n  c o m p a r i s o n  w i t h

  t h e  a r r a y 1 D  l e n g t h )  s u p p o r t .

  I n  o r d e r  t o  h a n d l e  t h e  e d g e  e f f e c t s ,  w e  a p p l y  ' m i r r o r  b o u n d a r y  c o n d i t i o n '  t o

  a r r a y 1 D  p r i o r  s m o o t h i n g  -  w e  e x t e n d  t h e  o r i g i n a l  a r r a y  a t  b o t h  e d g e s  p r i o r

  t h e  c o n v o l u t i o n .  T h i s  p r e v e n t s  w i l d  b e h a v i o u r  a t  t h e  e d g e s  ( s o  t h e

  e d g e s  d o  n o t  a f f e c t ,  e . g . ,  p l o t t i n g  y - r a n g e ) ,  b u t  t h e  e d g e  d a t a  c a r r y

  i n h e r e n t l y  l o w e r / d e g r a d e d  i n f o r m a t i o n  a n d  m u s t  b e  t a k e  c a u t i o u s l y .

  " " "

  # - -  P r e p a r e  t h e  k e r n e l  a n d  a r r a y  f o r  a  c o n v o l u t i o n .

  
  #  N o r m a l i z e  t h e  s m o o t h i n g  k e r n e l  t o  1 . 0

  kNorm=1.0/ kernel.sum()
  kernel*=kNorm

  #  F i n d  t h e  k e r n e l  ' h a l f - w i d t h ' .

  khw=kernel.shape[0]/ / 2

  #  A r r a y  l a s t  i n d e x .

  aLast=array1D.shape[0]- 1
  
  #  F o r m  t h e  m i r r o r r e d  ' g h o s t '  e d g e s .

  edgeLeft=np.flip(array1D[1:1+khw])
  edgeRight=np.flip(array1D[aLast- khw:aLast])
  
  # Prepend/append them to  the  a r ray1D.

  array1D_ext=np.append(edgeLeft,array1D)
  array1D_ext=np.append(array1D_ext,edgeRight)

  # - -  C o n v o l v e ,  p r e s e r v i n g  t h e  o r i g i n a l  a r r a y  s h a p e .

  
  aSmooth=np.convolve(array1D_ext,kernel,'valid')

  return aSmooth

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def paregression(arrX,arrY):
  " " "

  G e n e r a l i z e d / p a r a m e t r i z e d  l i n e a r  r e g r e s s i o n  c a l c u l a t i o n  b e t w e e n  t h e  a r r a y s

  a r r X  a n d  a r r Y .  I n  a d d i t i o n  t o  t h e  s t a n d a r d  l i n .  r e g r e s s i o n  ( h a n d l e d ,  e . g . ,
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  b y  n p . p o l y f i t ( ) ) ,  h e r e  t h e  v a l u e s  y _ i  o f  t h e  a r r Y  m a y  b e  d e p e n d e n t  n o t  o n l y

  o n  x _ i ,  b u t  a l s o  o n  t h e  i n d e x  i  i t s e l f .

  M a t h e m a t i c a l l y ,  w e  a r e  f i n d i n g  t h e  b e s t  f i t  o f  t h e  d a t a  i n  t h e  f o r m

  y _ i - t * i = K * x _ i + Q

  

  

  R a t i o n a l e :  I f  b o t h  a r r a y s  X  a n d  Y  a r e  t i m e  s e r i e s  ( w i t h  r e g u l a r  c a d e n c e ) ,

  t h e  Y  v a l u e s  m a y  b e  d e p e n d e n t  n o t  o n l y  a t  X ,  b u t  a l s o  o n  t i m e  ( r e p r e s e n t e d

  b y  t h e  i n d e x  i ) .  H e r e  w e  e x p e c t  t h a t  t h e r e  i s  -  i n  a d d i t i o n  t o  l i n e a r

  d e p e n d e n c e  o n  X  -  a l s o  a  l i n e a r  t r e n d  o f  Y - a r r a y  i n  t i m e .  T h e  g o a l  i s  t o

  o p t i m i z e  t h e  p a r a m e t e r  ' t '  o f  l i n e a r  t r e n d  i n  t i m e  s u c h  a  w a y ,  t h a t  w e  o b t a i n

  t h e  b e s t  l i n e a r  c o r r e l a t i o n  b e t w e e n  t h e  X - a r r a y  a n d  t i m e - d e t r e n d e d  Y - a r r a y .

  M a t h  b e h i n d  t h e  c a l c u l a t i o n s  h e r e  i s  d e s c r i b e d  i n  P R 1 2  ( M a y  2 0 2 5 ) .  A p p l i c a t i o n

  i n  t h e  c o n t e x t  o f  t h i s  r e s e a r c h  i s  f o r  c o r r e l a t i o n  b e t w e e n  p h a s e s  a n d  P W V

  v a r i a t i o n s  a s  c a l c u l a t e d  i n  d w X d p i _ c o r r s ( )  b e l o w .

  I n p u t :  a r r X ,  a r r Y  -  1 D  f l o a t  n p  a r r a y s  ( t i m e  s e r i e s  o f  t h e  s a m e  s i z e ) .

  

  R e t u r n s :  A  d i c t i o n a r y  w i t h  t h e  v a l u e s  o f

  t T r e n d :  T i m e - t r e n d  p a r a m e t e r .

  K :  C o e f f i c i e n t  o f  l i n e a r  c o r r e l a t i o n  b e t w e e n  X  a n d  t i m e - d e t r e n d e d  Y

  Q :  O f f s e t  f o r  l i n e a r  c o r r e l a t i o n  b e t w e e n  X  a n d  t i m e - d e t r e n d e d  Y .

  X i 2 :  X i - s q u a r e  -  h o w  g o o d  i s  t h e  f i t .

  " " "

  #  S i z e  o f  t h e  t i m e  s e r i e s  

  N=arrX.size

  #  C h e c k  t h a t  t h e  s e r i e s  a r e  c o m p a t i b l e  ( o f  t h e  s a m e  s i z e ) .

  i f (arrY.size ! = N):
    print("Sizes of input arrays must be equal!")
    return - 1

  #  C r e a t e  t h e  ' t i m e '  a r r a y  -  a  v e c t o r  o f  i n d i c e s  s t a r t i n g  f r o m  1 .

  iVec=np.arange(N)+1

  # - -  E v a l u a t e  q u a n t i t i e s  t h a t  r e p e a t  i n  f u r t h e r  c a l c u l a t i o n s .

  xMean=arrX.mean()
  yMean=arrY.mean()

  ix=iVec* arrX
  ixSum=ix.sum()

  iy=iVec* arrY
  iySum=iy.sum()
  
  xx=arrX* arrX
  xxSum=xx.sum()

  xy=arrX* arrY
  xySum=xy.sum()
  
  # - -  E v a l u a t e  t h e  2 x 2  l i n e a r  s y s t e m  m a t r i x  f o r  ' t '  a n d  ' K '
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  A11=xxSum- N* xMean* xMean
  A12=ixSum- 0.5* N* (N+1.0)* xMean

  A21=A12
  A22=(N- 1.0)* N* (N+1.0)/ 12.0

  #  R i g h t - h a n d  s i d e  o f  t h a t  l i n .  s y s t e m .

  C1=xySum- N* xMean* yMean
  C2=iySum- 0.5* N* (N+1.0)* yMean

  # - -  S o l v e  t h e  s y s t e m  b y  C r a m e r ' s  r u l e .

  
  iD=1.0/ (A11* A22- A12* A21) #  I n v e r s e  d e t e r m i n a n t  o f  t h e  s y s t e m .

  K=iD* (C1* A22- C2* A12)
  tTrend=iD* (C2* A11- C1* A21)

  #  F i n d  t h e  3 r d  p a r a m e t e r ,  e x p r e s e d  a n a l y t i c a l l y  i n  P R 1 2 .

  Q=yMean- K* xMean- tTrend* 0.5* (N+1.0)

  # - -  H o w  g o o d  i s  t h e  f i t ?  C a l c u l a t e  X i - s q u a r e .

  errs=arrY- tTrend* iVec- K* arrX- Q
  Xi2=(errs* errs).sum()
  

  # - -  F o r m  t h e  r e s u l t  a s  a  d i c t i o n a r y / m a p  a n d  r e t u r n  i t .

  rCoeffs={'tTrend':tTrend, 'K':K, 'Q':Q ,'Xi2':Xi2}
  
  return rCoeffs

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def unwrap2(phase):
  " " "

  S o m e t i m e s  w e  h a v e  p h a s e  j u m p s  e x a c t l y  b y  1 8 0  d e g .  T h e s e  s e e m  t o  b e  a r t i f i c i a l

  b u t  n o t  c u r e d  b y  t h e  s t a n d a r d  n p . u n w r a p ( ) .  T h i s  m e t h o d  a i m s  t o  r e m o v e  a l s o

  t h e s e  r e s i d u a l s  t h a t  a r e  w e l l  l e s s  t h e  2 P I  ( w h i c h  a r e  c u r e d  b y  n p . u n w r a p ( ) ) .

  I n p u t :  p h a s e  i n  r a d s  -  1 - D  n u m p y  n d a r r a y

  Ou tpu t :  phase_unwrap  i n  rads  -  1 -D  numpy  nda r ray  w i t h  t he  same  d imens ions .

  H o w  d o e s  i t  w o r k :  W e  d i f f e r e n t i a t e  t h e  o r i g i n a l  a r r a y ,  f i x  t h e  h i g h  j u m p s

  ( p o s i t i v e  a n d  n e g a t i v e  e x t r a )  i n  t h e  a r r a y  o f  d i f f e r e n c e s  a n d  t h e n

  ' r e - i n t e g r a t e '  t h e  c o r r e c t e d  d i f f e r e n c e  s e r i e s  b a c k  v i a  t h e  c u m m u l a t i v e  s u m .

  I n  o r d e r  t o  s k i p  s e e k e i n g  a n d  e v a l u a t i n g  t h e  ' s u p e r - h i g h '  j u m p s  ( 2 P I  a n d  m o r e )

  w e  c a l l  f i r s t  t h e  s t a n d a r d  n p . u n w r a p ( )  p r i o r  t o  o u r  r e s i d u a l - j u m p  t r e a t m e n t .

  " " "

  #  T h e  d i f f e r e n c e  a r r a y ,  w i t h  0 . 0 .  p r e p e n d e d ,  i t  c o n t a i n s  p h a s e [ 0 ]  i n  i t s

  #  1 s t  e l e m e n t .  U s e f u l l  w h e n  r e v e r t i n g  b a c k  u s i n g  n p . c u m s u m ( )  

  phiDiff=np.diff(np.unwrap(phase),prepend=0.0)

  #  I d e n t i f y  a n d  f i x  t h e  p o s i t i v e  j u m p s .  T h r e s h o l d  2 . 5  i s  a p p r o x .  8 0 %  o f  P I .

  posJumps=np.where(phiDiff > 2.5)
  phiDiff[posJumps]- =math.pi
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  #  F i x  t he  nega t i ve  j umps  t he  same  way .

  negJumps=np.where(phiDiff < - 2.5)
  phiDiff[negJumps]+=math.pi
  
  #  R e t u r n  t h e  a r r a y  r e - i n t e g r a t e d  b a c k .

  return np.cumsum(phiDiff)
  
# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def wrapBack(phases):
  ' ' '

  A n  ' i n v e r s e '  f u n c t i o n  t o  n p . u n w r a p ( )

  ' ' '

  wPhases = np.arctan2(np.sin(phases), np.cos(phases))

  return wPhases
  
# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def extMatInv(Ainv,Lb,Rb,LRc):
  " " "

  I f  w e  k n o w  i n v e r s i o n  * A i n v *  o f  a  s q u a r e  r e g u l a r  m a t r i x  A A ,  w e  c a n

  e f f i c i e n t l y  c a l c u l a t e  i n v e r s i o n  t h e  m a t r i x  A A  e x t e n d e d  b y  a  l o w e r  b e l t  * L b * ,

  r i g h t  b e l t  * R b * ,  a n d  a  l o w e r - r i g h t  c o r n e r  * L R c * ,  i . e .  o f  a  c o m p o u n d  m a t r i x

  M  =  [ [ A A , R b ] , [ L b , L R c ] ]

  T h i s  i s  u s e d  i n  d W d B d G ( )  m e t h o d  b e l o w ,  w h e r e  a  l a r g e ,  b l o c k - t r i d a g o n a l  m a t r i x

  ( w h o s e  i n v e r s i o n  i s  e a s y  t o  c o m p u t e )  i s  e x t e n d e d  b y  t h e  ( r e l a t i v e l l y  n a r r o w )

  b e l t - m a t r i c e s  a t  i t s  r i g h t  a n d  l o w  e n d s  c o n n e c t e d  w i t h  t h e  i n s t r u m e n t a l

  v a r i a b l e s .

  R e t u r n s :  M ^ ( - 1 ) ,  i . e .  t h e  s q u a r e  m a t r i x  ( 2 - d  n d a r r a y )  t h a t  i s  i n v e r s i o n

  o f  t h e  e x t e n d e d  m a t r i x  M  =  [ [ A A , R b ] , [ L b , L R c ] ] .

  " " "

  #  P r e - c a l c u l a t e  f r e q u e n t l y  r e p e a t i n g  t e r m s  A i n v  x  R b  a n d  L b  x  A i n v

  AinvRb=np.matmul(Ainv,Rb)
  LbAinv=np.matmul(Lb,Ainv)
  
  #  C a l c u l a t e  t h e  S c h u r  c o m p l e m e n t  a n d  i t s  i n v e r s i o n .   

  S=LRc- np.matmul(Lb,AinvRb)
  Sinv=np.linalg.inv(S)

  # -  C a l c u l a t e  t h e  b l o c k s  o f  t h e  i n v e r t e d  m a t r i x .

  
  #  S t a r t  w i t h  t h e  l o w e r - l e f t  b l o c k  a s  i t  r e p e a t s  i n  u p p e r - l e f t  b l o c k ,  t o o .

  Minv21= -np.matmul(Sinv,LbAinv)

  #  U p p e r - l e f t  b l o c k .

  Minv11=Ainv- np.matmul(AinvRb,Minv21)

  #  U p p e r - r i g h t  b l o c k .

  Minv12= -np.matmul(AinvRb,Sinv)

  #  L o w e r - r i g h t  b l o c k .

  Minv22=Sinv

  # -  C o m p o s e  t h e  M i n v  m a t r i x  f r o m  i t s  b l o c k s
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  # Compose the rows.

  Minv1=np.hstack([Minv11,Minv12])
  Minv2=np.hstack([Minv21,Minv22])

  #  Now the  rows  toge the r

  Minv=np.vstack([Minv1,Minv2])

  return Minv
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

#                      2 .  A C D / d u a l - l o a d  ( D L )  c a l i b r a t i o n  r o u t i n e s

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def sqld_P0(vis,ant,spw,myMS=None,myMsmd=None):
  " " "

  F i n d  t h e  P - z e r o  o f f s e t  f o r  S Q L D  d e t e c t o r  a t  a n t e n n a  * a n t * .

  The  *spw*  pa rame te r  des igna tes  t he  spw fo r  * s tanda rd *  SQLD ATM scans  [0 ,1 ,2 ,3 ]

  a n d  m a p s  t o  t h e  s p w s  f o r  t h e  s c a n  n o .  1  ( t h e  ' z e r o '  s c a n )  [ 1 3 , 1 4 , 1 5 , 1 6 ]  

  i n  a n  o b v i o u s  w a y  [ 0 , 1 , 2 , 3 ]  - >  [ 1 3 , 1 4 , 1 5 , 1 6 ] .

  

  R e t u r n s :  A n  a r r a y  o f  s h a p e  2  x  1 ,  t h e  f i r s t  d i m e n s i o n  b e i n g  p o l a r i z a t i o n .

  S e e  a l s o  a c d _ c a l T a b s ( ) .

  " " "

  #  P  z e r o  s c a n .  H a s  t o  b e  l o o k e d  i n  l i s t o b s . t x t

  PoScan=1

  #  ms  and  msmd too l s  f l ags .

  ownMS=False
  ownMsmd=False

  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMS):
    #  Open  the  ms  too l

    myMS=mstool() 
    myMS.open(vis)
    ownMS=True

  i f (not myMsmd):
    #  O p e n  t h e  m s  t o o l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True

  #  F i nd  t he  da ta_desc_ id  f o r  a  g i ven  SPW.

  #  P e r f o r m  t h e  [ 0 , 1 , 2 , 3 ]  - >  [ 1 3 , 1 4 , 1 5 , 1 6 ]  m a p p i n g .

  dataDescID=int(myMsmd.datadescids(spw=spw+13)[0])
  
  #  G e t  s u b - s c a n  i n f o  f o r  t h e  z e r o - s c a n  ( s c a n  n o . 1 ) .

  sub_info=aU.computeDurationOfScan(PoScan,mymsmd=myMsmd,
                                    returnSubscanTimes=True)
  
  #  T h e  s u b _ i n f o  i n d i c a t e s  4  s u b s c a n s .  H o w e v e r ,  t h e  o n l y  n o n - z e r o  s e l e c t i o n

  #  i s  f o r  t h e  s u b - s c a n  n o .  2  -  t h e  o t h e r s  s a y
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  #  R u n t i m e E r r o r :  M S S e l e c t i o n N u l l S e l e c t i o n  :  T h e  s e l e c t e d  t a b l e  h a s  z e r o  r o w s .

  #  H e n c e ,  s e l e c t  j u s t  t h e  s u b - s c a n  n o .  2  b y  i t s  t i m e - s p a n .

  timeRange=sub_info[2][2]
  
  #  I n i t  p r e - s e l e c t i o n  b y  t h e  S P W  i d .

  myMS.selectinit(datadescid=dataDescID)
  
  #  S e l e c t  ' a u t o c o r r e l a t i o n s '  f o r  a  g i v e n  a n t e n n a ,  t h e  z e r o - s c a n  n u m b e r ,

  #  a n d  t h e  s u b - s c a n  d e f i n e d  b y  i t s  t i m e - r a n g e .

  myMS.select({'antenna1':ant,'antenna2':ant,'scan_number':PoScan,
             'time':timeRange})   
  
  #  E x t r a c t  t h e  d a t a  f r o m  t h e  r e d u c e d / f i l t e r e d  M S .

  acdPow=myMS.getdata("data")["data"]
  
  #  The  above  a r ray  has  d imens ions  2  x  nChans  x  n In tegs ,  whe re  n In tegs  i s

  #  a  n u m b e r  o f  i n t e g r a t i o n s  i n  t h e  s u b s c a n  ( 2 0  f o r  s c i  s p w s ,  2 4 0  f o r  S Q L D s ) .

  #  T h e  1 s t  d i m  r e p r e s e n t s  p o l a r i z a t i o n ,  t h e  2 n d  i s  t h e  f r e q . - c h a n n e l  n u m b e r .

  #  T h e  a r r a y  i s  c o m p l e x  b u t  i t s  i m a g i n a r y  p a r t s  a r e  z e r o e s  ( e x p e r i m e n t a l l y

  #  v e r i f i e d ) .

  #  W e  n o w  t a k e  j u s t  t h e  r e a l  p a r t  a n d  d o  a v e r a g i n g  o v e r  i n t e g r a t i o n s .

  acdPowAvg=acdPow.real.mean(axis=2,dtype=np.float64)

  # -  C l e a n - u p  t h e  t o o l s .

  #  R e s e t  a l w a y s  -  i t  r e s e t s  t h e  s e l e c t i o n  c r i t e r i a .

  myMS.reset()

  #  C l o s e  o n l y  i f  w e  u s e  ' l o c a l '  t o o l s .

  i f (ownMsmd): myMsmd.done()
  i f (ownMS): myMS.close()
  
  #  R e t u r n  t h e  t i m e - a v e r a g e d  P _ z e r o  f o r  X X  a n d  Y Y  a s  t h e  2  x  1  a r r a y .  

  return acdPowAvg

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def acd_calTabs(vis,atmScan,ant,spw,tgtScan=None,myMS=None,myMsmd=None,
                acdLoads=None):
  " " "

  C a l c u l a t e s  t h e  ( i n v e r s e )  g a i n s  ( G  a n d ,  p o s s i b l y ,  G *  i n  W h i t e  e t  a l .  2 0 1 7 ) ,

  a n d  T _ r x  f o r  a  g i v e n  * a n t *  a n d  * s p w *  f r o m  t h e  A T M  s c a n  * a t m S c a n *  u s i n g  i t s

  t h r e e  s u b - s c a n s  f o r  S k y ,  A m b i e n t ,  a n d  H o t  l o a d s .

  T h e  * a n t * ,  * s p w * ,  a n d  * a t m S c a n *  p a r a m e t e r s  M U S T  b e  s e t  a s  * i n t *  ( n o t  s t r i n g ) ,

  o t h e r w i s e  m s . s e l e c t ( ) ,  u s e d  i n t e r n a l l y ,  r e t u r n s  c o m p l e t e l y  w r o n g  s e l e c t i o n  -

  s i l e n t l y ,  w i t h o u t  a n y  w a r n i n g !

  The  ' g l oba l '  t oo l s  *myMS*  and  *myMsmd*  may  be  conven ien t l y  supp l i ed ,  a t t ached

  t o  t h e  M S  * v i s * .  I f  n o t ,  l o c a l  t o o l s  a r e  c r e a t e d  a n d  d e s t r y e d  w i t h  t h e

  r o u t i n e ,  w i t h  s o m e  a d d i t i o n a l  c o s t  o n  C P U  t i m e .  T h e  s a m e  h o l d s  f o r  t h e

  g l o b a l  d i c t i o n a r y  * a c d L o a d s *  t h a t  i s  o b t a i n e d  b y  c a l l  t o  a U . g e t A n t e n n a L o a d s ( ) .

  I f  t h e  * a t m S c a n *  p r e c e d e s  d i r e c t l y  t h e  s o l a r  s c a n ,  w e  c a l c u l a t e  G * ,  t o o .

  F o r  t h e  G * ,  w e  u s e  ( i n  a d d i t i o n  t o  t h e  t h r e e  A T M  s u b s c a n s )  a l s o  t h e

  ' s k y ' / o f f - s o u r c e  s u b - s c a n s  ( t h e  v e r y  f i r s t  a n d  l a s t )  i n  t h e

  i m m e d i a t e l l y - f o l l o w i n g  s o l a r  s c a n .  
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  R e t u r n s :  A  d i c t i o n a r y  w i t h  t h e  i n v e r s e  g a i n  G  ( E q .  7  i n  W h i t e  e t  a l . ) ,  i n v e r s e

  ' s o l a r '  g a i n  G *  ( E q .  8 ) ,  T _ r x  ( E q .  9 ) ,  a n d  e f f e c t i v e  t o t a l  ' i n s t r u m e n t a l '

  tempera ture  T_ ins t=T_rx+Po/G.  The G and T_rx  components  are

  n u m p y  a r r a y s  o f  s h a p e  n P o l s  x  n C h a n s ,  i . e . ,  2  x  1 2 8 ,  i f  w e  u s e  t h e  s c i e n c e

  S P W s  ( 5 , 7 , 9 , 1 1 )  a n d  2  x  1  f o r  c h a n n e l - i n t e g r a t e d  S P W s  ( 6 , 8 , 1 0 , 1 2 )  o r

  S Q L D s  ( 0 , 1 , 2 , 3 ) .  T h e  f i r s t  d i m e n s i o n  r e p r e s e n t s  p o l a r i z a t i o n  a n d  t h e  s e c o n d

  t h e  c h a n n e l  n u m b e r .

  F o r  G * ,  w e  p r o v i d e  i t s  t w o  v a l u e s  -  a t  t h e  v e r y  b e g i n n i n g  a n d  v e r y  e n d  o f  t h e

  s o l a r  s c a n  ( t h e  v e r y  1 s t  a n d  v e r y  l a s t  s u b - s c a n s  i n  e a c h  s o l a r  s c a n  a r e  t h e

  o f f - s o u r c e  s u b s c a n s ) .  H e n c e ,  t h e  s h a p e  o f  t h e  r e t u r n e d  a r r a y  i s

  2  x  n P o l  x  n C h a n s ,  t h e  f i r s t  d i m  = 2  r e p r e s e n t i n g  t h e  b e g i n n i n g  a n d  e n d  v a l u e s .

  A c c o r d i n g  t o  S h i m o j o  e t  a l .  ( 2 0 1 7 ) ,  t h e  G *  s h o u l d  b e  c a l c u l a t e d  f r o m  t h e  S Q L D

  s p w s  s o l e l y  ( i t  i s  s a i d  t h a t  P _ o f f  i s  t o o  l o w  f o r  A C  s p w s ) .  C o n s e q u e n t l y ,  i t

  s h o u l d  b e  a n  a r r a y  o f  t h e  s h a p e  2  x  2  x  1 .  H o w e v e r ,  w e  a r e  e x p e r i m e n t i n g  h e r e

  w i t h  t h e  a u t o - c o r e l l a t i o n s  ( A C )  S P W s ,  t o o ,  b o t h  f o r  s p e c t r a l - r e s o l v e d  a n d

  c h a n n e l - i n t e g r a t e d  s p w s ,  s o  t h e  r e t u r n  s h a p e  m a y  b e  w e l l  a l s o  2  x  2  x  1 2 8 .

  T h e  r e a s o n  i s  r o o o t e d  i n  t h e  f a c t  t h a t  t h e  a t t e n u a t i o n  f a c t o r  G * / G  f o u n d  i n

  t h e  B a n d  5  d a t a  i s  j u s t  a b o u t  1 . 0 7 . I n  c a s e  o f  t h e  A T M  s c a n  p r e c e d e s  n o n - s o l a r

  s c a n  ( e . g . ,  B P - c a l  s c a n ) ,  w e  r e t u r n  [ [ [ 1 . 0 ] , [ 1 . 0 ] ] , [ [ 1 . 0 ] , [ 1 . 0 ] ] ]  -  i . e .

  f a c t o r  o f  1 , w i t h  t h e  s h a p e  c o r r e s p o n d i n g  t o  t h e   c h a n n e l - i n t e g r a t e d  S P W s .

  N e v e r t h e l e s s :  I t  h a s  b e e n  f o u n d   -  s e e  d e t a i l e d  c o m m e n t  i n  t g t _ T b ( ) ,  i n  t h e

  s e c t i o n  s t a r t i n g  w i t h  ' i f ( d o S o l a r G a i n ) '  -  t h a t  P W V  c h a n g i n g  d u r i n g  t h e  s o l a r

  s c a n  a f f e c t s  m e a s u r e d  P _ o f f  a n d  c o n s e q u e n t l y  t h e  a t t e n u a t i o n  f a c t o r  a n d

  r e s u l t i n g  g a i n  G * .  S i n z e  t h e  a t t e n u a t i o n  f a c t o r  A F = ( P _ s k y - P o ) / ( P _ o f f - P o ) ,

  i t  i s  b e t t r e  t o  t a k e  j u s t  t h e  l e a d i n g - s u b s c a n  P _ o f f  m e a s u r e m e n t ,  b e c a u s e

  i t  f o l l o w s  i m m e d i a t e l l y  a f t e r  t h e  P _ s k y  m e a s u t e m e n t  i n  p r e c e d i n g  A T M  s c a n .

  " " "

  # -  G l o b a l  t o o l s  &  d a t a

 
  #  m s  a n d  m s m d  t o o l s  f l a g s ,  c h e c k e d  a t  c l o s i n g

  ownMS=False
  ownMsmd=False

  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMS):
    #  O p e n  t h e  m s  t o o l .

    myMS=mstool()
    myMS.open(vis)
    ownMS=True

  i f (not myMsmd):
    #  O p e n  t h e  m s  t o o l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True

  #  C r e a t e  o u r  d i c t i o n a r y  w i t h  A C D  l o a d  t e m p e r a t u r e s  ( a m b i e n t ,  h o t )  i f  n e e d e d .

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis,doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)

  # - -  F i n d  t h e  d a t a _ d e s c _ i d s  f o r  t h e  g i v e n  s c i S P W  a n d  i t s  T s y s :  D a t a  a n d  T s y s

  #    may  have  d i f f e ren t  SPWs .
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  #  D e s c r i p t i o n  I D  f o r  t h e  s c i e n c e  d a t a  S P W .

  sciDataDescID=int(myMsmd.datadescids(spw=spw)[0])
  
  # The CALIBRATE_ATMOSPHERE scan (our *atmScan*) used for the ACD has data

  # p resen t  on ly  in  some SPWs.  Check ,  whe ther  ours  i s  among them.

  
  acdSpws=myMsmd.spwsforscan(atmScan)

  i f (spw i n acdSpws):
    #  OK,  we  have  a tm/ t sys  da ta  i n  the  sc iSPW

    tsysSPW=spw

    print('ACD calibration: Using spw ',spw, 'for ACD (Tsys) data.')

  else:
    # We do not have atm measurement, must use a mapped SPW

    tsysmap = tsysspwmap(vis, tsystable = vis+'.tsys', tsysChanTol = 1)

    #  F ind  co r rec t  SPW fo r  t he  a tmScan  co r recpond ing  t o  * spw* .

    #  No te :  t s ysspwmap( )  above  maps  t he  channe l - i n t eg ra ted  spws  t o  t he i r

    #  r e s o l v e d  c o u n t e r p a r t s  a l t h o u g h  w e  h a v e  T s y s / a t m  f o r  t h e  i n t e g r a t e d  s p w s ,

    #  t o o .  F i x  t h i s  b y  a d d i n g  1  t o  i n t e g r a t e d  s p w s :  C h a n - i n t e g r a t e d  S W P s  w i l l

    # be mapped to  chan- in tegrated Tsys SPWs

    tsysSPW=tsysmap[spw]- spw%2+1

    print('ACD calibration: Mapping spws for obtaining the ACD (Tsys) data: ',
          spw,' --> ',tsysSPW)

    
  #  Desc r ip t i on  ID  fo r  t he  co r respond ing  Tsys /ATM SPW.

  tsysDescID=int(myMsmd.datadescids(spw=tsysSPW)[0])

  # - - -  E x t r a c t  t h e  A C D  p o w e r s  f o r  s k y ,  a m b i e n t  a n d  h o t  l o a d s  f o r  T s y s  s p w s

  #  G e t  s u b - s c a n  i n f o  f o r  o u r  ( a t m )  s c a n .

  sub_info=aU.computeDurationOfScan(atmScan,mymsmd=myMsmd,
                                    returnSubscanTimes=True)
  
  #  A n  e m p t y  d i c t i o n a r y  f o r  c a l i b r a t i o n  p o w e r s .  

  PowCals={}
  #  Map  t he  sub -scan  numbers  t o  names :  The  keys  t o  ou r  d i c t i ona ry .

  #  N o t e :  P _ s r c  n e e d  n o t  t o  b e  p r e s e n t .  I t  h a s  b e e n  i n t r o d u c e d  a t  ~ 2 0 2 3  i n  o r d e r

  #  t o  c o p e  w i t h  t h e  ' r e n o r m a l i z a t i o n  i s s u e '  ( e m i s s i o n  s e e n  i n  a u t o c o r r s ,

  #  t y p i c a l l y  i n  s t r o n g  l i n e s ;  t h e  S u n  h a s  s t r o n g  a u t o c o r r  s i g n a l  e l s e w h e r e ,

  #  t h a t  i s  w h y  w e  u s e  T _ a n t  c a l c u l a t i o n s  -  t h e  P _ s r c  s u b - s c a n  i s  i r r e l e v a n t

  #  f o r  t h e  s o l a r  o b s e r v a t i o n s ) .  

  ssNames={1:'P_sky',2:'P_amb',3:'P_hot',4:'P_src'}
  
  # -  I t e r a t e  t h e  a t m  s c a n  s u b - s c a n s .

  f o r key,value i n sub_info[2].items():
    
    #  I n i t i a l i z e  t h e  M S  s e l e c t o r  b y  t h e  T s y s  S P W .

    myMS.selectinit(datadescid=tsysDescID)
    
    #  T h e  s u b - s c a n  i s  d e f i n e d  b y  i t s  t i m e  r a n g e .  H e r e  a s  [ M J D s _ s t a r t ,  M J D s _ s t o p ]

    timeRange=value

    #  S e l e c t  a u t o c o r r e l a t i o n s  f o r  a  g i v e n  a n t e n n a ,  t h e  s c a n  n u m b e r ,
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    #  a n d  t h e  s u b - s c a n  d e f i n e d  b y  i t s  t i m e - r a n g e .

    myMS.select({'antenna1':ant,'antenna2':ant,'scan_number':atmScan,
               'time':timeRange})   
    
    #  E x t r a c t  t h e  d a t a  f r o m  t h e  r e d u c e d / f i l t e r e d  M S .

    acdPow=myMS.getdata("data")["data"]
    
    #  The  above  a r ray  has  d imens ions  nPo l s  x  nChans  x  n In tegs ,  whe re  n In tegs  i s

    #  a  n u m b e r  o f  i n t e g r a t i o n s  i n  t h e  s u b s c a n .

    #  D o  t i m e  a v e r a g e  o v e r  i n t e g r a t i o n s .

    acdPowAvg=acdPow.real.mean(axis=2,dtype=np.float64)

    #  A p p e n d  t h e  r e s u l t  t o  a  d i c t i o n a r y .

    PowCals[ssNames[key]]=acdPowAvg
    
    #  R e s e t  a l l  s o - f a r  a p p l i e d  s e l e c t o r s / f i l t e r s  b e f o r e  t h e  n e x t  r o u n d .

    myMS.reset()
    
  #- ->  end fo r (subScans)  i n  ATM scan .

  # - -  G e t  t h e  T s y s  S P W  d e f i n i t i o n  ( f r e q u e n c y  c h a n n e l s  i n  G H z ) .  T h i s  d e f i n e s

  #    a l s o  t h e  c h a n n e l s ,  f o r  w h i c h  w e  h a v e  t h e  g a i n  a n d  T r x .

  freqs=myMsmd.chanfreqs(tsysSPW)* 1.0e-9 # in  GHz

  #- - -  Check  ou r  SPW type .  Fo r  SQLDs  we  need  a l so  the  power  o f f se t  Po .

  
  #  G e t  t h e  p o w e r  o f f s e t  P o .  I t  i s  n o n - z e r o  j u s t  f o r  t h e  S Q L D  s p w s .

  #  S e t  t h e  i s S Q L D  f l a g  a s  w e l l ,  i t  w i l l  b e  u s e d  l a t e r .

  i f  spw i n [0,1,2,3,13,14,15,16,25,26,27,28]:
    isSQLD=True
    Pzero=sqld_P0(vis,ant,spw,myMS,myMsmd)
  else:
    Pzero=np.array([[0.0],[0.0]])
    isSQLD=False

  #  A d d  t h e  v a l u e  t o  o u r  c o l l e c t u o n  o f  c a l i b r a t i o n  p o w e r s .

  PowCals['P_zero']=Pzero
  
  # - - -  I f  w e  s o l v e  g a i n s  f o r  t h e  s o l a r  s c a n ,  e x t r a c t  a l s o  P _ o f f  n e c e s s a r y

  #     f o r  t h e  G *  c a l c u l a t i o n .

  
  #  I f  t a r g e t  s c a n  i s  n o t  s p e c i f i e d ,  u s e  t h e  o n e  f o l l o w i n g  a f t e r  A T M  s c a n

  i f (not tgtScan): tgtScan=atmScan+1
  
  #  A l l  S u n  s c a n s .

  solScans=myMsmd.scansforintent('OBSERVE_TARGET#ON_SOURCE')
  
  #  D o  t h e  s o l a r  o f f - s c a n  a n d  G *  c a l c u l a t i o n  o n l y  i f  t h e  S u n  s c a n  f o l l o w s .

  doSolarGain=(tgtScan i n solScans)
  
  i f (doSolarGain):
    
    print("Solving for solar gain G* ...")

    # - -  E x t r a c t  t h e  P _ o f f  v a l u e s .  D o  i t  e v e n  i f  w e  a r e  i n  t h e  A C  S P W  a n d  t h e s e

    #    v a l u e s  a r e  s u s p i c i o u s  -  i n  t h i s  c a s e  w e  f i x  i t  l a t e r  b y  S Q L D  t r a n s f e r .
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    #  E x t r a c t  s u b - s c a n  i n f o r m a t i o n  f o r  t h e  s o l a r  s c a n .

    sunSub_info=aU.computeDurationOfScan(tgtScan,mymsmd=myMsmd,
                                         returnSubscanTimes=True)
    
    #  T h e  o f f - s o u r c e  ( i . e . ,  h i - a t t e n u a t e d  s k y / a t m )  s u b - s c a n s  a r e  t h e  f i r s t

    #  a n d  t h e  l a s t .  S o ,  w e  n e e d  t o  f i n d  t h e  n u m b e r  o f  s u b - s c a n s .  I t  i s  t h e  2 n d

    #  i t e m  o f  t h e  i n f o  -  s e e  c o m p u t e D u r a t i o n O f S c a n ( )  i n  s u n _ r e d u c t i o n _ u t i l . p y .

    nSubScans=sunSub_info[1]
    
    #  T h e  o f f - s o u r c e  s c a n s .  N o t e :  K e y s  i n  s u b I n f o  s t a r t  w i t h  1 .

    offSubScan1=1
    offSubScan2=nSubScans
    
    #  E x t r a c t  t h e i r  t i m e - r a n g e s  -  w e  s e l e c t  t h e  d a t a  l a t e r  b y  t h e m .

    tRange1=sunSub_info[2][offSubScan1] #  T i m e - r a n g e  f o r  t h e  l e a d i n g  s u b s c a n .

    tRange2=sunSub_info[2][offSubScan2] #  T i m e - r a n g e  f o r  t h e  t r a i l i n g  s u b s c a n .

    # -  P r o c e s s  t h e  l e a d i n g  o f f - s o u r c e  s u b - s c a n

    
    #  I n i t i a l i z e  t h e  M S  s e l e c t o r  b y  t h e  s c i e n c e  S P W .

    myMS.selectinit(datadescid=sciDataDescID)
    
    #  S e l e c t  a u t o c o r r e l a t i o n s  f o r  a  g i v e n  a n t e n n a ,  t h e  s c a n  n u m b e r ,

    #  a n d  t h e  s u b - s c a n  d e f i n e d  b y  i t s  t i m e - r a n g e .

    myMS.select({'antenna1':ant,'antenna2':ant,'scan_number':tgtScan,
               'time':tRange1})   
    
    #  E x t r a c t  t h e  d a t a  f r o m  t h e  r e d u c e d / f i l t e r e d  M S .

    sol_off_pow=myMS.getdata("data")["data"]
    

    #  The  above  a r ray  has  d imens ions  nPo l s  x  nChans  x  n In tegs ,  whe re  n In tegs  i s

    #  a  n u m b e r  o f  i n t e g r a t i o n s  i n  t h e  s u b s c a n .

    #  D o  t i m e  a v e r a g e  o v e r  i n t e g r a t u o n s  o f  t h e  s u b s c a n .

    P_off_lead=sol_off_pow.real.mean(axis=2,dtype=np.float64)
    
    #  R e s e t  t h e  s e l e c t i o n .

    myMS.reset()
    
    # -  P r o c e s s  t h e  t r a i l i n g  o f f - s o u r c e  s u b - s c a n

    
    #  I n i t i a l i z e  t h e  M S  s e l e c t o r  b y  t h e  s c i o e n c e  S P W .

    myMS.selectinit(datadescid=sciDataDescID)
    
    #  S e l e c t  a u t o c o r r e l a t i o n s  f o r  a  g i v e n  a n t e n n a ,  t h e  s c a n  n u m b e r ,

    #  a n d  t h e  s u b - s c a n  d e f i n e d  b y  i t s  t i m e - r a n g e .

    myMS.select({'antenna1':ant,'antenna2':ant,'scan_number':tgtScan,
               'time':tRange2})   
    
    #  E x t r a c t  t h e  d a t a  f r o m  t h e  r e d u c e d / f i l t e r e d  M S .

    sol_off_pow=myMS.getdata("data")["data"]
    
    P_off_trail=sol_off_pow.real.mean(axis=2,dtype=np.float64)
    
    #  R e s e t  t h e  s e l e c t i o n .

    myMS.reset()
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    #  C o m b i n e  t h e  l e a d i n g  a n d  t r a i l i n g  v a l u e  i n t o  a  s i n g l e  n u m p y  a r r a y .

    #  T h e  1 s t  d i m e n s i o n  i s  n o w  t i m e :  0 = l e a d i n g ,  1 = t r a i l i n g .

    P_off=np.array([P_off_lead, P_off_trail])

    #  A d d  t h e  v a l u e  t o  o u r  c o l l e c t i o n  o f  c a l i b r a t i o n  p o w e r s  f o r  c o m p l e t i o n .

    PowCals['P_off']=P_off
    
    #  P _ o f f  h a s  b e e n  c a l c u l a t e d  f r o m  s o l a r  ( t a r g e t - s c a n )  d a t a ,  t h e s e  m a y  h a v e

    #  d i f f e r e n t  f r e q u e n c y  r e s o l u t i o n  t h a n  t h e  T s y s  u s e d  f o r  b a s i c  A C D  c a l i b s :

    #  G e t  t h e  s o l a r  S P W  d e f i n i t i o n  ( f r e q u e n c y  c h a n n e l s  i n  G H z ) .

    sunFreqs=myMsmd.chanfreqs(spw)* 1.0e-9 # in  GHz

    
  # - - >  e n d i f ( d o S o l a r G a i n )  

  # - - -  E x t r a c t  t h e  c o r r e s p o n d i n g  l o a d  t e m p e r a t u r e s .

   
  #  W e  s e l e c t  j u s t  t h e  v a l u e s  f o r  o u r  A T M  s c a n  a n d  a n t e n n a .

  #  F o r  t h e  S u n  w e  s c a l e  t o  k i l o K e l v i n s ! ! !

  T_amb = 0.001* acdLoads[ant][atmScan]['amb']
  T_hot = 0.001* acdLoads[ant][atmScan]['hot']

  # - - -  C a l c u l a t e  g a i n s  G  &  G * ,  a n d  T _ r x

    
  #  C a l c u l a t e  t h e  g a i n  ( E q .  7  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  #  I n  f a c t ,  w e  w i s h  t o  h a v e  1 / G ,  b e c a u s e  w e  s h a l l  l a t e r  c a l c u l a t e  T _ s k y + s r c

  # f rom the measured power  P_sky+src .

  
  #  I n v e r s e  p o w e r - d i f f e r e n c e .

  iPowDiff=1.0/ (PowCals['P_hot']- PowCals['P_amb'])
  
  #  T h e  ( i n v e r s e )  g a i n :  1 / G

  iGain=(T_hot- T_amb)* iPowDiff
  #  C a l c u l a t e  T _ r x  ( E q .  9  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  T_rx=(T_hot* (PowCals['P_amb']- Pzero)- T_amb* (PowCals['P_hot']- Pzero))* iPowDiff
  #  C a l c u l a t e  e f f e c t i v e  i n s t r u m e n t a l  T _ i n s t  c o m b i n i n g  T _ r x  a n d  G - s c a l e d  P z e r o .

  T_inst=T_rx+Pzero* iGain

  # - -  T h e  ( i n v e r s e )  s o l a r  g a i n :  1 / G *  ( E q .  8  i n  W h i t e  e t  a l .  2 0 1 7 )

  i f (doSolarGain):
    
    #  A c t u a l  c a l c u l a t i o n ,  t h e  r e s u l t  i s  o f  t h e  s h a p e

    #  2 ( l e a d / t r a i l )  x  2 ( X X / Y Y )  x  n C h a n s ( = 1  f o r  S Q L D s )

    #  N u m e r a t o r s  o f  t h e  f r a c t i o n  i n  E q .  8

    iGStarXX=iGain[0]* (PowCals['P_sky'][0]- Pzero[0])
    iGStarYY=iGain[1]* (PowCals['P_sky'][1]- Pzero[1])

    #  W e  s h a l l  d i v i d e  t h i s  b y  n u m e r a t o r  ( P _ o f f - P z e r o ) ,  w h i c h  h a s  c h a n n e l

    #  s t r u c t u r e  a s  t h e  s o l a r - t a r g e t  s c a n  S P W .  T h i s  m a y  d i f f e r  f r o m

    #  t h e  T s y s  s p w  ( c h e c k  t s y s m a p ) .  I n  o r d e r  t o  s o l v e  t h i s  m i x e d - c h a n n e l  i s s u e

    #  ( g a i n  a n d  T r x  a t  T s y s  s p w ,  P _ o f f  a t  s o l a r  s p w ) ,  w e  i n t e r p o l a t e  e v e r y t h i n g

    #  t o  t h e  s o l a r  s p w .  M u s t  b e  d o n e  p e r  p o l a r i z a t i o n ,  a s  n p . i n t e r p ( )  w o r k s  f o r

    #  1 - d  a r r a y s  o n l y .     

    i f (tsysSPW! =spw):

      print('--- SPW mapping: Interpolating everything to solar SPW channels!')
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      #  - - - - - - -  ! ! !  A t t e n t i o n  ! ! !  - - - - - - -

      #

      # @todo Th is  needs  to  be  recons ider red  because  we have  t roub les  when

      #  i n t e r p o l a t i n g  t h e  L S B  s p w s  ( 5  a n d  7 ) ,  w h i c h  h a v e  d e c r e a s i n g  o r d e r

      #  o f  f r e q u e n c i e s .  T h e  n p . i n t e r p ( )  r e q u i r e s  t h e  * f r e q s *  a r r a y  t o  b e

      #  s o r t e d  i n  a s c e n d i n g  o r d e r .  S u g g e s t e d  s o l u t i o n :  F l i p  t h e  a r r a y s ,

      #  m a k e  i n e r p o l a t i o n ,  a n d  f l i p  t h e  a r r a y s  b a c k  i n  o r d e r  t o  h a v e  t h e m

      #  s o r t e d  i n  ' n a t u r a l '  o r d e r  a s  t h e y  c o m e  f r o m  c o r r e l a t o r .  T h e  2 0 2 3  s o l a r

      #  d a t a  a r e  n o t  a f f e c t e d ,  t h e y  u s e  n o  s p w  m a p p i n g  a n d  n e e d  n o  i n t e r p o l a t i o n

      #  b u t  f o r  g e n e r a l  h a n d l i n g  t h i s  s h o u l d  b e  s o r t e d  o u t .

      
      #  N u m e r a t o r s  o f  t h e  f r a c t i o n  i n  E q .  8  t o  b e  i n t r e p o l a t e d

      iGStarXX=np.interp(sunFreqs,freqs,iGStarXX)
      iGStarYY=np.interp(sunFreqs,freqs,iGStarYY)

      #  L e t  u s  i n t e r p o l a t e  t h e  i G  a n d  T _ r x ,  t o o .

      iGain[0]=np.interp(sunFreqs,freqs,iGain[0])
      iGain[1]=np.interp(sunFreqs,freqs,iGain[1])
 
      T_rx[0]=np.interp(sunFreqs,freqs,T_rx[0])
      T_rx[1]=np.interp(sunFreqs,freqs,T_rx[1])

      #  R e p l a c e  t h e  s p w  c h a n n e l s  d e f i n i t i o n  f o r  e n t i r e  c a l t a b

      freqs=sunFreqs
      
    # - ->end i f ( t sys  spw  mapp ing )

      
    #  D e n o m i n a t o r  ( P _ o f f - P z e r o )  i s  a l r e a d y  a t  s u n - s p w  f r e q .  r e s o l u t i o n .

    #  T h i s  i s  o u r  G *  a s  i n f e r r e d  f r o m  P _ o f f  s u b s c a n s .

    iGainStar=np.array([[iGStarXX,iGStarYY],[iGStarXX,iGStarYY]])/ (P_off- Pzero)

    #  F i x  e f f e c t i v e  i n s t r u m e n t a l  T _ i n s t :  C o m b i n e  T _ r x  a n d  G _ s t a r - s c a l e d  P z e r o .

    ' ' '

    #  U s e  t i m e - a v e r a g e  f o r  t h e  G - s t a r .

    T _ i n s t [ 0 ] = T _ r x [ 0 ] + 0 . 5 * P z e r o [ 0 ] * ( i G a i n S t a r [ 0 , 0 ] + i G a i n S t a r [ 1 , 0 ] )

    T _ i n s t [ 1 ] = T _ r x [ 1 ] + 0 . 5 * P z e r o [ 1 ] * ( i G a i n S t a r [ 0 , 1 ] + i G a i n S t a r [ 1 , 1 ] )

    ' ' '

    #  U s e  t h e  l e a d i n g  P _ o f f  b e a c u s e  i t  i s  c l o s e r  t o  P _ s k y  -  s e e  t h e  c o m m e n t

    #  i n s i d e  t g t _ T b ( ) ,  a f t e r  ' i f ( d o S o l a r G a i n ) ' .

    T_inst[0]=T_rx[0]+Pzero[0]* (iGainStar[0,0])
    T_inst[1]=T_rx[1]+Pzero[1]* (iGainStar[0,1])
    
  else:
    #  R e t u r n  a  n e u t r a l  f a c t o r  o f  1 . 0 ,  j u s t  o r g a n i s e d  i n  t h e  e x p e c t e d  s h a p e .

    iGainStar=np.array([[[1.0],[1.0]],[[1.0],[1.0]]])
    

  #  D a t a  a r e  e x t r a c t e d ,  w e  c a n  c l o s e  t h e  t o o l s  ( i f  l o c a l ) .

  i f (ownMsmd): myMsmd.done()
  i f (ownMS): myMS.close()

 
  #  R e t u r n  i n v e r s e  g a i n s  i G / i G * ,  T _ r x ,  a n d  T _ i n s t  f o r  e a c h  f r e q s  c h a n n e l  i n

  #  a  d i c t i o n a r y .  T _ i n s t  d i f f e r s  f r o m  T _ r x  o n l y  f o r  S Q L D  S P W s ,  w h i c h  h a v e

  #  P z e r o  o f f s e t  i n  p o w e r .

  return {'freqs':freqs,'iG':iGain, 'iG*':iGainStar, 'T_rx':T_rx,
          'T_inst':T_inst,'calPows':PowCals}
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# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def G_off_cal(vis,atmScan,tgtScan,ant,acSpw,myMS=None,myMsmd=None):
  " " "

  A n  e x p e r i m e n t ,  h o w  t o  t r a n s f e r  r e l a t i v e  g a i n - d r o p  b e t w e e n  G *  a n d  G  i n  t h e

  * s k y *  a n d  * o f f *  s c a n s  ( d u e  t o  s w i t c h i n g  t h e  i n c r e a s e d  a t t e n u a t i o n  l e v e l  o n )

  f rom SQLD to  the  cor respond ing  (occupy ing  the  same f requency  domain)  AC SPWs.

  F i n d i n g s  r e a c h e d  b y  e x p e r i m e n t a t i o n  w i t h  t h i s  m e t h o d  a r e  t h e n  u s e d  i n  i m p r o v e d

  A C D  c a l i b r a t i o n  m e t h o d  f o r  t h e  S u n  a c d _ c a l T a b s 2 ( ) .

  I n  t h e o r y ,  t h e  A C  S P W s  h a v e  l o w  d y n a m i c  r a n g e  f o r  b e i n g  a b l e  t o

  m e a s u r e  P _ o f f  i n  t h e  h i g h l y - a t t e n u a t e d  o f f - S u n  p o s i t i o n  ( S h i m o j o  e t  a l .  2 0 1 7 ,

  p .  1 0 ,  r i g h t  a b o v e  E q .  ( 6 ) ) .  H e r e ,  b y  m e a n s  o f  l i n e a r  p r o p o r t i o n a l i t y

  between SQLD and AC powers (P_sqld = K*P_ac+Q) for  the same f requency domain,

  w h e r e  t h e  p a r a m e t e r  K  d e p e n d s  o n  t h e  r a t i o  G * _ s q l d / G * _ a c ,  w e  e v a l u a t e  t h e

  t h e  d e r i v e d  G * _ a c  a n d  c o m p a r e  i t  w i t h  i t s  ( s u s p i c i o u s )  v a l u e  o b t a i n e d  b y

  m e a s u r i n g  P _ o f f  d i r e c t l y  i n  t h e  A C  s p w s .  T h e  s c a l i n g  f a c t o r  b e t w e e n  t h e

  s q l d - t o - a c  t r a n s f e r  d e r i v e d  G *  a n d  t h e  A C - P _ o f f  c a l c u l a t i o n  i s  r e t u r n e d .

  F o r  t h e  s p e c t r a l - r e s o l v e d  A C  s p w s  w e  a s s u m e  t h a t  t h e  s p e c t r a l  g a i n  n o r m a l i z e d

  t o  u n i t y  r e m a i n s  c o n s t a n t  d u r i n g  s w i t c h i n g  t o  t h e  h i g h e r  a t t e n u a t i o n  l e v e l ,

  i . e . ,  t h a t  o n l y  i t s  s c a l e  i s  c h a n g i n g .  H e r e  w e  a p p l y  a s  m u c h  a s  e x a c t

  c a l c u l a t i o n ,  w h i c h  t a k e s  i n t o  a c c o u n t  f r e q u e n c y  d e p e n d e n c e  n o t  o n l y  o f  t h i s

  n o r m a l i s e d  g a i n ,  b u t  a l s o  a b s o r p t i o n / e m i s s i o n  o f  t h e  t e r r e s t r i a l  a t m o s p h e r e ,

  a n d  t h e  n o r m a l i z e d  s p e c t r u m  o f  t h e  s o l a r  i n c i d e n t  r a d i a t i o n .  T h e s e  f a c t o r s

  e n t e r  i n t o  c a l c u l a t i o n s  o f  P _ a c  a v e r a g e d  o v e r  t h e  r e s o l v e d  S P W  a s  w i e g h t s  i n

  t h e  s u m s  o v e r  t h e  S P W  c h a n n e l s .  I t  h a s  b e e n  e x p e r i m e n t a l y  f o u n d ,  t h a t  t h e

  i n f l u e n c e  o f  s o l a r  s p e t r a l  s l o p e  i s  n e g l i g i b l e  i n  c o m p a r i s o n  w i t h  t h e  o t h e r

  t w o  c h a n n e l - d e p e n d e n t  f a c t o r s  ( n o r m a l i s e d  s p e c t r a l  g a i n  a n d  t r a n s m i s s i v i t y ) .

  H e n c e ,  b a s e d  o n  t h i s  r e s e a r c h  i t  i s  n e g l e c t e d  i n  t h e  i m p r o v e d  a c d _ c a l T a b s 2 ( )

  r o u t i n e .

  " " "

  # Mapping between SPWs of the same frequency domain: AC -> SQLD

  spwMap={5:0,6:0,
          7:1,8:1,
          9:2,10:2,
          11:3,12:3}

  sqldSpw=spwMap[acSpw]

  #  F o r  n o n - r e s o l v e d  S P W s  w e  h a v e  a  s i n g l e  c h a n n e l ,  f o r  r e s o l v e d  i n t e g r a t e

  #  o v e r  a  r a n g e  w i t h  t h e  e d g e s  t r i m m e d .

  i f (acSpw i n [6,8,10,12]):
    fChans=0
    resolved=False
  else:
    fChans=range(8,120)
    resolved=True

  # Powers for  the on-source subscans:  AC and SQLD

  acData=tgt_pow(vis,tgtScan,ant,acSpw,myMS=myMS,myMsmd=myMsmd,subScans='on')
  sqldData=tgt_pow(vis,tgtScan,ant,sqldSpw,myMS=myMS,myMsmd=myMsmd,
                   subScans='on')

  # SQLD powers reb ined to  te  same cadence as ACs.

  sqPowXX=rebin(sqldData[1][0,0],12)
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  sqPowYY=rebin(sqldData[1][1,0],12)

  #  A C D  c a l i b r a t i o n  t a b l e :  A C

  acCtb=acd_calTabs(vis,atmScan,ant,acSpw,myMS=myMS,myMsmd=myMsmd)
  sqldCtb=acd_calTabs(vis,atmScan,ant,sqldSpw,myMS=myMS,myMsmd=myMsmd)

  #  G *  a s  p e r  P _ o f f  i n  A C  s p w  ( i n  q u e s t i o n ) )

  acGxx=0.5/ acCtb['iG*'][0,0,fChans]+0.5/ acCtb['iG*'][1,0,fChans]
  acGyy=0.5/ acCtb['iG*'][0,1,fChans]+0.5/ acCtb['iG*'][1,1,fChans]

  #  T r x

  acTRxx=acCtb['T_rx'][0,fChans]
  acTRyy=acCtb['T_rx'][1,fChans]

  #  ACD ca l i b ra t i on  t ab le :  SQLD

  #  G*  i n  SQLD spw ( t r us ted )

  sqGxx=0.5/ sqldCtb['iG*'][0,0,0]+0.5/ sqldCtb['iG*'][1,0,0]
  sqGyy=0.5/ sqldCtb['iG*'][0,1,0]+0.5/ sqldCtb['iG*'][1,1,0]
  
  sqTRxx=sqldCtb['T_rx'][0,0]
  sqTRyy=sqldCtb['T_rx'][1,0]

  sqPoXX=sqldCtb['calPows']['P_zero'][0,0]
  sqPoYY=sqldCtb['calPows']['P_zero'][1,0]
 

  i f (not resolved):
    #- -  In t reg ra ted  AC SPWs are  easy

    # AC powers.

    acPowXX=acData[1][0,fChans]
    acPowYY=acData[1][1,fChans]
    
    #  S p e c t r a l  c o r r e c t i o n  f a c t o r s .  T r i v i a l  h e r e ,  w e  h a v e  n o  s p e c t r a l  d e p e n d e n c y

    #  w i t h i n  t h e  i n t e g r a t e d  A C  S P W .

    SpCxx=1.0
    SpCyy=1.0
    
    #  O f f se t  Q :  Assumed  SQLD power  a t  t he  ze ro  AC power  i n  t he  co r re la t i on

    #  P _ s q l d = K * P _ a c + Q .  E s s e n t i a l l y  P o ,  b u t  m a y  b e  m o d i f i e d  i f  T r x  d i f f e r s

    # between the AC and corresponding SQLD spw.

    P00xx=sqGxx* (sqTRxx- acTRxx)+sqPoXX
    P00yy=sqGyy* (sqTRyy- acTRyy)+sqPoYY
    
  else:
    #- -  Reso lved  AC SPWs need  much  more  ca re  -  we  take  in to  accoun t  spec t ra l

    #    w e i g h t i n g  b y  n o r m a l i z e d  s p e c t r a l  g a i n ,  a t m o s p h e r i c  t r a n m s m i s s i v i t y

    #    ( +  a t m .  r a d i a t i o n ) ,  a n d  s o l a r  ( Q S R )  s p e c t r u m .

    # AC powers  averaged over  channels .

    acPowXX=acData[1][0,fChans].mean(axis=0)
    acPowYY=acData[1][1,fChans].mean(axis=0)

    
    # -  S p e c t r a l  g a i n

    



2.10.2026 sol_wvgcal.py 18

file:///home/barta/ALMAsol/sol_wvgcal.py

    #  L o w - a t t e n u a t i o n  ( P _ s k y )  g a i n s  i n  t h e  A C  S P W  ( l i m i t e d  t o  f C h a n s  r a n g e ) .

    laGxx=1.0/ acCtb['iG'][0,fChans]
    laGyy=1.0/ acCtb['iG'][1,fChans]

    #  S p e c t r a l  * P _ s k y *  g a i n s  n o r m a l i s e d  t o  1 . 0

    #  We  assume  t hese  rema in  un touched  by  t he  a t t enua t i on  l eve l  sw i t ch i ng ,

    #  i . e . ,  t h e y  a r e  t h e  s a m e  a l s o  f o r  t h e  * P _ o f f *  s u b - s c a n s .  

    gXX=laGxx/ laGxx.mean()
    gYY=laGyy/ laGyy.mean()
   
    # -  A t m o s p h e r i c  t r a n s m i s s i v i t y ,  a t m .  r a d i a t i o n ,  a n d  i n s t r u m e n t a l  e f f e c t s .

    
    #  Ca lcu la te  the  ATM mode l  fo r  ou r  ac tua l  PWV as  per  SYSCAL tab le .

    pwv=getPWVforAnt(vis,tgtScan,ant,myMsmd)['pwvAvg']
    atmParams=wopacity(vis,acSpw,tgtScan,userPWV=pwv)

    #  E s t i m a t e d  a t m o s p h e r i c  ( s p e c t r a l )  t r a n s m i s s i v i t y  f o r  t h e  a c S p w .

    #  L i m i t  t h e  a r r a y  t o  o u r  f C h a n s  r a n g e .

    tr=atmParams['tr'][fChans]

    #  R e l a t i v e  s p e c t r a l  t r a n s m i s s i v i t y  n o r m a l i z e d  t o  u n i t y .

    trn=tr/ tr.mean()
    
    #  A t m o s p h e r i c  ( s p e c t r a l )  e f f e c t i v e  B B  b r i g h t n e s s  t e m p e r a t u r e  w i t h i n  f C h a n s .

    T_atm=atmParams['T_atm'][fChans]
    TeBB=T_atm* (1.0- tr)

    #  R e a r - s p i l l o v e r  +  o h m i c - l o s s  a n t e n n a  e f f i c i e n c y .

    eta_l=0.95
    #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y .

    eta_F=0.90
    
    #  A m b i e n t - l o a d  t e m p e r a t u r e  f o r  r e a r - s p i l l o v e r  e s t i m a t i o n .

    TLoad = aU.getLoadTemperatures(vis, doplot = False,
                                   warnIfNoLoadTemperatures = True,
                                   mymsmd=myMsmd)
    Tamb=TLoad[ant][atmScan]['amb']

    
    # -  So la r  no rma l i sed  spec t rum

    #  R e f e r e n c e  T _ b  f o r  s o l a r  d i s c  c e n t e r  @ 1 9 8 G H z  ( s e e  s o l a r  S D  c a l  s c r i p t ) .

    TsunCenter=6300.0  # K

    #  S o l a r  r a d i u s

    Rsun=696000 # km

    #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    
    #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  D e c  2 0 2 3  B a n d  5  o b s e r v a t i o n .

    x_h=928.0 #  a rcsec

    y_h=87.0  #  a rcsec

    #  Ea r t h -Sun  d i s t ance  f o r  Dec  2023  Band  5  obse rva t i on .

    Dsun=1.4723338439337283e8 # km

    #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

    #  A p p a r e n t  a n g u l a r  s o l a r  r a d i u s  i n  a r c s e c .
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    r_sol=180.0* 3600.0* Rsun/ (Dsun* np.pi)

    # mu=cos( theta)

    mu=np.sqrt(1.0- (x_h* * 2+y_h* * 2)/ r_sol* * 2)
 
    b_2= -1127.0 #  =  2 x  ( - 5 6 3 . 5 K )  a s  p e r  T a b l e  2  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

    #  B r i gh tness  t empera tu re  @f_LO (198GHz)  co r rec ted  t o  l imb  b r i gh tenn ing .

    Tsun00=TsunCenter+0.5* b_2* np.log(mu)

    #  L O  f r e q u e n c y  -  t h e  r e f e r e n c e  f r e q u e n c y  f o r  T s u n C e n t e r

    f_LO=1.98e11 # Hz

    freqs=myMsmd.chanfreqs(acSpw)[fChans] # Hz

    #  Make  SPW a r rays  i n  i nc reas ing  o rde r  f o r  t he  reve rse -channe l  (LSB)  SPWs.

    #  W e  f l i p  a r r a y s  r e l a t e d  t o  m e a s u r e m e n t s  i n  a c S p w  o n l y ,  t h e  m o d e l s

    #  ( l i k e  A T M )  a r e  a l r e a d y  i n  t h e  c o r r e c t  o r d e r .

    i f (freqs[0] > freqs[1]):

      print("Reversed SPW.")
      
      freqs=np.flip(freqs)

      gXX=np.flip(gXX)
      gYY=np.flip(gYY)

      acTRxx=np.flip(acTRxx)
      acTRyy=np.flip(acTRyy)

    # Cent ra l  f requency  o f  the  AC SPW

    f0=freqs.mean()
    
    #  M e a n  s o l a r  T _ B  a t  t h e  c u r r e n t  S P W  c e n t r a l  f r e q u e n c y .

    Tsun0=Tsun00+b_2* np.log(f0/ f_LO)

    print('Tsun=',Tsun0)
    
    #  N o r m a l i z e d  ( t o  u n i t y )  s o l a r  s p e c t r u m  ( l i n e a r i z e d ) .

    sf=1.0+b_2/ Tsun0* (freqs/ f0- 1.0)

    # -  S p e c t r a l  c o r r e c t i o n  f a c t o r s

    
    SpCxx=1.0/ np.mean(gXX* trn* sf)
    SpCyy=1.0/ np.mean(gYY* trn* sf)

    plt.plot(gXX,'r-') 
    plt.plot(trn,'g-')
    plt.plot(sf,'b-')

    print('Spectral correction factors: ',SpCxx,SpCyy)

    # -  O f f s e t s  ( P _ s q l d  f o r  z e r o  P _ a c )

    #  S e p a r a t e  t h e  i n d i v i d u a l  c o n t r i b u t i o n s  i n  o r d e r  t o  c o m p a r e  t h e i r  w e i g h t s .

    # Pol  XX

    TrxDiff=sqTRxx- SpCxx* np.mean(gXX* acTRxx)
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    TskyDiff=(1.0- eta_F+eta_l)* (TeBB.mean()- SpCxx* np.mean(gXX* TeBB))
    TspillDiff=(1.0- eta_l)* Tamb* (1.0- SpCxx)    
    
    P00xx=sqGxx* (TrxDiff+TskyDiff+TspillDiff)+sqPoXX

    print('XX offset components: dTrx=',TrxDiff,'dTsky=',TskyDiff,
          'dTspill=',TspillDiff,'Po/G=',sqPoXX/ sqGxx)

    # Pol  YY

    TrxDiff=sqTRyy- SpCyy* np.mean(gYY* acTRyy)
    TskyDiff=(1.0- eta_F+eta_l)* (TeBB.mean()- SpCyy* np.mean(gYY* TeBB))
    TspillDiff=(1.0- eta_l)* Tamb* (1.0- SpCyy)    
    
    P00yy=sqGyy* (TrxDiff+TskyDiff+TspillDiff)+sqPoYY

    print('YY offset components: dTrx=',TrxDiff,'dTsky=',TskyDiff,
          'dTspill=',TspillDiff,'Po/G=',sqPoYY/ sqGyy)

    
  # - - >  e n d i f ( r e s o l v e d )   

  
    
  #  A d d  t h e  [ 0 . 0 ,  P 0 0 ]  p o i n t  t o  t h e  a r r a y s  o f  m e a s u r e d  p o w e r s  i n  o r d e r

  #  t o  e x t e n t  t h e  p r o p o r t i o n a l i t y  l i n e .

  acPowXXext=np.append(acPowXX,0.0)
  sqPowXXext=np.append(sqPowXX,P00xx)

  acPowYYext=np.append(acPowYY,0.0)
  sqPowYYext=np.append(sqPowYY,P00yy)

  #  F i n d  t h e  c o r r e l a t i o n  s l o p e s

  Kxx,Qxx=np.polyfit(acPowXXext,sqPowXXext,1)
  Kyy,Qyy=np.polyfit(acPowYYext,sqPowYYext,1)

  #  A C  s o l a r - a t t e n u a t e d  g a i n s  a s  r e c a l c u l a t e d  f r o m  t h e i r  S Q L D  c o u n t e r p a r t s .

  acGxxM=SpCxx* sqGxx/ Kxx
  acGyyM=SpCyy* sqGyy/ Kyy

  # - -  T h e  r e s u l t :  G a i n  c o r r e c t i o n  f a c t o r s

  gainCorrectionXX=acGxx.mean()/ acGxxM
  gainCorrectionYY=acGyy.mean()/ acGyyM
   
  print('direct/derived G* XX=',gainCorrectionXX)
  print('direct/derived G* YY=',gainCorrectionYY)
  
  return (gainCorrectionXX,gainCorrectionYY)

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def acd_calTabs2(vis,atmScan,ant,spw,myAtm=None,myMS=None,myMsmd=None,
                 acdLoads=None):
  " " "

  I m p r o v e d  v e r s i o n  o f  a c d _ c a l T a b s ( )  f o r  s o l a r  A C  d a t a .  I t  u s e s  t r a n s f e r  o f

  r e l a t i ve  ga in -d rop  be tween  P_sky  and  P_o f f  scans  f r om SQLD to  AC spws  -  see

  e x p e r i m e n t a t i o n  i n  G _ o f f _ c a l ( ) .
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  B e c a u s e  o f  c o r r e c t i o n s  t o  f r e q u e n c y - d e p e n d e n t  t r a n s m i s s i v i t y  a n d  i n t r i n s i c

  r a d i a t i o n  o f  t h e  t e r r e s t r i a l  a t m o s p h e r e  i n  c h a n n e l - r e s o l v e d  A C  s p w s ,  w e  n e e d

  t o  s u p l y  t h e  A T M  m o d e l  * m y A t m *  f o r  t h e  s o l a r  G *  c a l i b r a t i o n .  I t  i s

  t h e  * a t t o o l *  s e t  f o r  o u r  a t m o s p h e r e ,  f o r  a l l  4  r e s o l v e d  s c i  S P W s ,  a n d  i t  c a n

  be  conven ien t l y  ob ta ined  v ia  se tA tmToo l4SPWs( )  -  see  a l so  dWdB_Tbs ( ) .

  I f  w e  d o  n o t  c a l i b r a t e  f o r  t h e  S u n ,  i . e .  w h e n  * a t m S c a n *  i s  n o t  f o l l o w e d  b y

  a  s o l a r  s c a n ,  * m y A t m *  p a r a m e t e r  m a y  r e m a i n  e m p t y .  S i m i l a r l y ,  i f  t h e  * s p w *  i s

  S Q L D ,  w e  d o  n o t h i n g  m o r e  o n  t o p  o f  a c d _ c a l T a b s ( ) ,  s o  * m y A t m *  i s  i g n o r e d .

  " " "

  # -  G l o b a l  t o o l s  &  d a t a

 
  #  m s  a n d  m s m d  t o o l s  f l a g s ,  c h e c k e d  a t  c l o s i n g

  ownMS=False
  ownMsmd=False

  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMS):
    #  O p e n  t h e  m s  t o o l .

    myMS=mstool()
    myMS.open(vis)
    ownMS=True

  i f (not myMsmd):
    # Open the  msmd too l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True

  #  C r e a t e  o u r  d i c t i o n a r y  w i t h  A C D  l o a d  t e m p e r a t u r e s  ( a m b i e n t ,  h o t )  i f  n e e d e d .

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis,doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)

  # -  G e t  t h e  s t a n d a r d  A C D  c a l i b r a t i o n  t a b l e s .

  
  calDict=acd_calTabs(vis,atmScan,ant,spw,myMS=myMS,myMsmd=myMsmd,
                      acdLoads=acdLoads)

  # -  C h e c k ,  w h a t  e l s e  i s  n e c e s s a r y

  
  sqldSPWs=[0,1,2,3,13,14,15,16,25,26,27,28]
  solScans=myMsmd.scansforintent('OBSERVE_TARGET#ON_SOURCE')
  tgtScan=atmScan+1

  i f ((spw i n sqldSPWs) or (tgtScan not i n solScans)):
    #  I t  i s  e a s y ,  w e  m a y  r e t u r n  t h e  s t a n d a r d  c a l t a b l e s  ' a s  i s ' .

    return calDict

  # -  We  a re  i n  t he  AC  SPW and  do ing  G*  f o r  t he  Sun .  We  need  t o  t r ans fe r

  #   t he  P_o f f /P_sky  ga in -d rop  f r om the  SQLD spw.

  
  #  C h e c k ,  w h e t h e r  w e  h a v e  A T M  t o o l  r e a d y .  E x i t  w i t h  a n  e r r o r  i f  n o t .

  i f (not myAtm):
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    print("Error: myAtm ATM tool must be defined for solar G* calibration!")
    print("Exiting...")
    
    return False

  # - - -  O K ,  c o n t i n u e  w i t h  G *  c o r r e c t i o n s .

  
  # Mapping between SPWs of the same frequency domain: AC -> SQLD

  spwMap={5:0,6:0,
          7:1,8:1,
          9:2,10:2,
          11:3,12:3}
  
  sqldSpw=spwMap[spw]

  print("Transferring gains from the SQLD spw",sqldSpw,'...')
  
  #  F o r  n o n - r e s o l v e d  S P W s  w e  h a v e  a  s i n g l e  c h a n n e l ,  f o r  r e s o l v e d  i n t e g r a t e

  #  t h e  s p e c t r a  o v e r  a  r a n g e  w i t h  t h e  e d g e s  t r i m m e d .

  #  N o t e :  W e  t r i m  t h e  e d g e s  s y m m e t r i c a l l y ,  s o  f l i p p i n g  o f  r e v e r s e d  S P W s

  #  d o e s  n o t  a f f e c t  t h e  r e s u l t .

  i f (spw i n [6,8,10,12]):
    fChans=[0]
    resolved=False
  else:
    fChans=range(8,120) #  Tr imm edge  channe ls  symmet r i ca l l y .  

    resolved=True
        
  # - -  P o w e r s  f o r  o n - s o u r c e  s u b s c a n s :  A C  a n d  S Q L D ,  w e  u s e  t h e i r  p r o p o r t i o n a l i t y .

  #  R e t r i e v e  t h e  A C - d a t a  t i m e  s e r i e s .

  (acTime,acData)=tgt_pow(vis,tgtScan,ant,spw,myMS=myMS,myMsmd=myMsmd,
                          subScans='on')

  #  E x t r a c t  A C  p o w e r s  p e r  p o l a r i z a t i o n ,  a v e r a g e d  o v e r  c h a n n e l s .

  acPowXX=acData[0,fChans].mean(axis=0)
  acPowYY=acData[1,fChans].mean(axis=0)

  #  R e t r i e v e  t h e  S Q L D - d a t a  t i m e  s e r i e s .

  (sqTime,sqldData)=tgt_pow(vis,tgtScan,ant,sqldSpw,myMS=myMS,myMsmd=myMsmd,
                            subScans='on')

  #  E x t r a c t  S Q L D  p o w e r s  p e r  p o l a r i z a t i o n ,  r e b i n  t o  t h e  s a m e  t i m e b a s e  a s  t h e  A C s .

  sqPowXX=rebin2(sqldData[0,0],sqTime,acTime)
  sqPowYY=rebin2(sqldData[1,0],sqTime,acTime)

  #- -  S tandard  ACD ca l tab les  fo r  our  AC and ad junged SQLD spws.

  # -  1 .  S t a n d a r d  A C D  c a l t a b l e  f o r  o u r  A C  S P W  -  w e  h a v e  i t  a l r e a d y .

  acCtb=calDict

  #  L o w - a t t e n u a t i o n  ( P _ s k y - b a s e d )  g a i n s  G .  T h e  P _ o f f - b a s e d   G *  i s  u n t r u s t e d .

  #  L i m i t  t o  f C h a n s  r a n g e  f o r  c a l c u l a t i o n s .

  laGxx=1.0/ acCtb['iG'][0,fChans]
  laGyy=1.0/ acCtb['iG'][1,fChans]

  #  S p e c t r a l  P _ s k y - b a s e d  g a i n s  n o r m a l i s e d  t o  1 . 0  w i t h  f C h a n s  r a n g e .
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  #  We  assume  t hese  rema in  un touched  by  t he  a t t enua t i on  l eve l  sw i t ch i ng ,

  #  i . e . ,  t h e y  a r e  t h e  s a m e  a l s o  f o r  t h e  P _ o f f  s u b - s c a n s .  

  gXXnorm=laGxx.mean()
  gYYnorm=laGyy.mean()
  
  gXX=laGxx/ gXXnorm
  gYY=laGyy/ gYYnorm

  #  T r x  i n  A C .  L i m i t e d  t o  f C h a n s  r a n g e .

  acTRxx=acCtb['T_rx'][0,fChans]
  acTRyy=acCtb['T_rx'][1,fChans]

  # -  2 .  ACD ca l t ab le  f o r  t he  ad junged  SQLD spw.

  sqldCtb=acd_calTabs(vis,atmScan,ant,sqldSpw,myMS=myMS,myMsmd=myMsmd,
                      acdLoads=acdLoads)

  #  G *  i n  S Q L D  s p w  ( t r u s t e d ) .

  #  W e  h a v e  l e a d i n g  a n d  t r a i l i n g  v a l u e s  f r o m  t h e  t w o  ( l e a d / t r a i l )  P _ o f f  s u b s c a n s

  sqGxxLead=1.0/ sqldCtb['iG*'][0,0,0]
  sqGxxTrail=1.0/ sqldCtb['iG*'][1,0,0]

  sqGyyLead=1.0/ sqldCtb['iG*'][0,1,0]
  sqGyyTrail=1.0/ sqldCtb['iG*'][1,1,0]

  ' ' '

  #  F o r  a n  o f f s e t  c a l c u l a t i o n  ( s e e  b e l o w )  w e  n e e d  a l s o  a v e r a g e s  o v e r  a  s c a n .

  sqGxx=0.5*(sqGxxLead+sqGxxTrai l )

  sqGyy=0.5*(sqGyyLead+sqGyyTrai l )

  ' ' '

  #  A s  i t  h a s  b e e n  f o u n d ,  t h e  h i g h - a t t e n u a t i o n  g a i n  c a l c u a l t e d  f o r m  P _ o f f  i s

  #  a f f ec ted  by  chang ing  WVR du r i ng  so la r  scan  -  see  commen t  i n  acd_ca lTabs ( ) .

  #  I t  i s  t h e r e f o r e  b e t t e r  t o  t a k e  t h e  g a i n  c a l c u l a t e d  f r o m  P _ o f f  m e a s u r e m e n t

  #  i m m e d i a t e l l y  f o l l o w i n g  t h e  l o w - a t t e n u a t i o n  P _ s k y  A T M  s c a n ,  i . e . ,  f r o m  t h e

  #  l e a d i n g  P _ o f f  s u b - s c a n  o f  s o l a r  s c a n .

  sqGxx=sqGxxLead
  sqGyy=sqGyyLead
  
  
  # Trx  in  SQLD

  sqTRxx=sqldCtb['T_rx'][0,0]
  sqTRyy=sqldCtb['T_rx'][1,0]

  # Pzero in SQLD

  sqPoXX=sqldCtb['calPows']['P_zero'][0,0]
  sqPoYY=sqldCtb['calPows']['P_zero'][1,0]
 

  i f (not resolved):
    #- -  In t reg ra ted  AC SPWs are  easy

    
    #  S p e c t r a l  c o r r e c t i o n  f a c t o r s .  T r i v i a l  h e r e ,  w e  h a v e  n o  s p e c t r a l  d e p e n d e n c y

    #  w i t h i n  t h e  i n t e g r a t e d  A C  S P W .

    SpCxx=1.0
    SpCyy=1.0
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    #  O f f se t  Q :  Assumed  SQLD power  a t  t he  ze ro  AC power  i n  t he  co r re la t i on

    #  P _ s q l d = K * P _ a c + Q .  E s s e n t i a l l y  P o ,  b u t  m a y  b e  m o d i f i e d  i f  T r x  d i f f e r s

    # between the AC and corresponding SQLD spw.

    P00xx=sqGxx* (sqTRxx- acTRxx[0])+sqPoXX
    P00yy=sqGyy* (sqTRyy- acTRyy[0])+sqPoYY
    
  else:
    #- -  Reso lved  AC SPWs need  much  more  ca re  -  we  take  in to  accoun t  spec t ra l

    #    w e i g h t i n g  b y  n o r m a l i z e d  s p e c t r a l  g a i n ,  a t m o s p h e r i c  t r a n m s m i s s i v i t y

    #    ( +  a t m .  r a d i a t i o n ) .  S o l a r  s p e c t r u m  s l o p e  i s  n e g l i g i b l e ,  w e  i g n o r e  i t .

    
  
    # -  A t m o s p h e r i c  t r a n s m i s s i v i t y ,  a t m .  r a d i a t i o n ,  a n d  i n s t r u m e n t a l  e f f e c t s .

    #  M a p  o u r  s c i e n c e  S P W  t o  t h e  0  -  3  r a n g e  f o r  s p w s  i n  * m y A t m *  a t t o o l .

    sciAtmMap={0:0,1:1,2:2,3:3,5:0,6:0,7:1,8:1,9:2,10:2,11:3,12:3}
    atmSPW=sciAtmMap[spw]

    # Setup  the  ATM mode l  fo r  our  ac tua l  PWV as  per  SYSCAL tab le .

    pwv=getPWVforAnt(vis,tgtScan,ant,myMsmd=myMsmd)['pwvAvg']
    myAtm.setUserWH2O(qa.quantity(pwv,'mm'))

    #  Ex t rac t  t he  emp ty - sky  ( a tm+CMB)  b r i gh tness  t empe ra tu re  ( spec t rum)  i n  K .

    #  L i m i t  i t s  d o m a i n  t o  o u r  f C h a n s  r a n g e .

    TeBB=myAtm.getTebbSkySpec(atmSPW,qa.quantity(pwv,'mm'))[1]['value'][fChans]
 
    #  C a l c u l a t e  t r a n s m i s s i v i t y .

    #  D r y  z e n i t h  o p a c i t y

    tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
    #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

    tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
    #  A i r m a s s  f o r  t h e  c u r r e n t  s c a n .

    airMass=myAtm.getAirMass()

    #  T o t a l  o p a c i t y  ( s p e c t r a l ) .  L i m i t  i t  t o  f C h a n s  r a n g e .

    opacity=(airMass* (tau_wet+tau_dry))[fChans]
    #  T r a n s m i s s i v i t y  ( s p e c t r a l ) .

    tr=np.exp(- opacity)

    #  R e l a t i v e  s p e c t r a l  t r a n s m i s s i v i t y  n o r m a l i z e d  t o  u n i t y .

    trn=tr/ tr.mean()
    
    # -  A n t e n n a  e f f i c i e n c i e s

    antNames=myMsmd.antennanames()
    myAntName=antNames[ant]
    antType=myAntName[:2]

    #  M a p  t h e  a n t e n n a  e f f i c i e n c i e s  b y  a n t e n n a  t y p e .  A s  p e r  i n v e s t i g a t i o n  f r o m

    # merged T_sun tempera tures  fo rm 2023 and 2026 data  (p ro jec t_22_25_Tb.ods) .

    eta_l_map={'CM':0.941,'DA':0.947,'DV':0.956}
    eta_F_map={'CM':0.891,'DA':0.897,'DV':0.906}

    #  R e a r - s p i l l o v e r  +  o h m i c  a n t e n n a  e f f i c i e n c y  -  s e e  p r o j e c t _ 2 2 _ 2 5 _ T b . o d s

    eta_l=eta_l_map[antType]
    #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y  -  s e e  p r o j e c t _ 2 2 _ 2 5 _ T b . o d s

    eta_F=eta_F_map[antType]
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    #  W e  h a v e  t w o  e x c e p t i o n  t h a t  s e e m  t o  h a v e  s y s t e m a t i c a l l y  l o w e r

    #  an tenna  e f f i c ienc ies :  DA64  and  DV08  -  see  p ro jec t_22_25_Tb .ods

    i f  myAntName=='DA64':
      eta_l=0.929
      eta_F=0.880
    i f  myAntName=='DV08':
      eta_l=0.943
      eta_F=0.894

    #  R e a r - s p i l l o v e r  t e m p e r a t u r e ,  i n  K e l v i n s .

    Tamb=acdLoads[ant][atmScan]['amb']

    # -  C h a n n e l s  i n  a s c e n d i n g  o r d e r .

    freqs=myMsmd.chanfreqs(spw)[fChans] # Hz

    #  Make  SPW a r rays  i n  i nc reas ing  o rde r  f o r  t he  reve rse -channe l  (LSB)  SPWs.

    #  W e  f l i p  a r r a y s  r e l a t e d  t o  m e a s u r e m e n t s  i n  t h e  a c S p w  o n l y ,  t h e  m o d e l s

    #  ( l i k e  A T M )  a r e  a l r e a d y  i n  t h e  c o r r e c t  o r d e r .

    i f (freqs[0] > freqs[1]):

      freqs=np.flip(freqs)

      gXX=np.flip(gXX)
      gYY=np.flip(gYY)

      acTRxx=np.flip(acTRxx)
      acTRyy=np.flip(acTRyy)

    # -  S p e c t r a l  c o r r e c t i o n  f a c t o r s

    
    SpCxx=1.0/ np.mean(gXX* trn)
    SpCyy=1.0/ np.mean(gYY* trn)

    # -  O f f s e t s  ( P _ s q l d  f o r  z e r o  P _ a c )

    #  S e p a r a t e  t h e  i n d i v i d u a l  c o n t r i b u t i o n s  i n  o r d e r  t o  c o m p a r e  t h e i r  w e i g h t s .

    # Pol  XX

    TrxDiff=sqTRxx- SpCxx* np.mean(gXX* acTRxx)
    #  T _ r x  i s  i n  k i l o K e l v i n s ( ! ) ,  T e B B  a n d  T a m b  n o t :  S c a l e  a l l  t o  k K .

    TskyDiff=0.001* (1.0- eta_F+eta_F* eta_l)* (TeBB.mean()- SpCxx* np.mean(gXX* TeBB))
    TspillDiff=0.001* eta_F* (1.0- eta_l)* Tamb* (1.0- SpCxx)    
    
    P00xx=sqGxx* (TrxDiff+TskyDiff+TspillDiff)+sqPoXX

 
    # Pol  YY

    TrxDiff=sqTRyy- SpCyy* np.mean(gYY* acTRyy)
    TskyDiff=0.001* (1.0- eta_F+eta_F* eta_l)* (TeBB.mean()- SpCyy* np.mean(gYY* TeBB))
    TspillDiff=0.001* (1.0- eta_l)* Tamb* (1.0- SpCyy)    
    
    P00yy=sqGyy* (TrxDiff+TskyDiff+TspillDiff)+sqPoYY

  # - - >  e n d i f ( r e s o l v e d )   
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  #  A d d  t h e  [ 0 . 0 ,  P 0 0 ]  p o i n t  t o  t h e  a r r a y s  o f  m e a s u r e d  p o w e r s  i n  o r d e r

  #  t o  e x t e n t  t h e  p r o p o r t i o n a l i t y  l i n e .

  acPowXXext=np.append(acPowXX,0.0)
  sqPowXXext=np.append(sqPowXX,P00xx)

  acPowYYext=np.append(acPowYY,0.0)
  sqPowYYext=np.append(sqPowYY,P00yy)

  #  F i n d  t h e  c o r r e l a t i o n  s l o p e s

  Kxx,Qxx=np.polyfit(acPowXXext,sqPowXXext,1)
  Kyy,Qyy=np.polyfit(acPowYYext,sqPowYYext,1)

   
  #  A C  s o l a r - a t t e n u a t e d  g a i n s  a s  r e c a l c u l a t e d  f r o m  t h e i r  S Q L D  c o u n t e r p a r t s .

  #  T h e s e  r e p r e s e n t  t h e  s p w - a v e r a g e d  v a l u e s ,  i . e .  t h e  s c a l e s .

  acGxxLead=SpCxx* sqGxxLead/ Kxx
  acGxxTrail=SpCxx* sqGxxTrail/ Kxx

  acGyyLead=SpCyy* sqGyyLead/ Kyy
  acGyyTrail=SpCyy* sqGyyTrail/ Kyy

  #  N o w  u s e  t h e m  t o  s c a l e  t h e  s p e c t r a l  n o r m a l i z e d  g a i n s .

  #  W e  w i s h  n o w  t o  h a v e  t h e  g a i n s  G *  o v e r  f u l l  S P W ,  i n c l u d i n g  t h e  t r i m m e d  e d g e

  #  c h a n n e l s .  S o ,  p r o d u c e  f i r s t  t h e  g X X / g Y Y  v e r s i o n s  w i t h  t h e  e d g e  c h a n n e l s

  #  i n c l u d e d .  M o r e o v e r ,  w e  h a v e  n a t u r a l  c h a n n e l  o r d e r  -  n o  f l i p p i n g  i n  L S B  s p w s .

  gXXext=(1.0/ acCtb['iG'][0])/ gXXnorm
  gYYext=(1.0/ acCtb['iG'][1])/ gYYnorm

  #  N o w  a p p l y  t h e  s c a l i n g .

  gStarXXLead=acGxxLead* gXXext
  gStarXXTrail=acGxxTrail* gXXext

  gStarYYLead=acGyyLead* gYYext
  gStarYYTrail=acGyyTrail* gYYext

  #  R e p l a c e  o r i g i n a l  i G *  i n  t h e  s t a n d a r d - A C D  c a l D i c t  w i t h  t h e  n e w  v a l u e s .

  calDict['iG*'][0,0]=1.0/ gStarXXLead
  calDict['iG*'][1,0]=1.0/ gStarXXTrail

  calDict['iG*'][0,1]=1.0/ gStarYYLead
  calDict['iG*'][1,1]=1.0/ gStarYYTrail

  #  R e t u r n  t h e  m o d i f i e d  c a l D i c t .

  return calDict

  
# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def acd_caltab_plots(vis,atmScans,sciSPWs):
  " " "

  A  d i a g n o s t i c  r o u t i n e  t h a t  p l o t s  G / G *  a n d  T _ r x  a s  f o u n d  i n  a c d _ c a l T a b s ( )  a s

  a  f u n c t i o n  o f  f r e q u e n c y  i n  t h e  c h a n n e l - r e s o l v e d  S P W s  f o r  e a c h  a n t e n n a .

  " " "

  # - -  T h i s  M S - s p e c i f i c  d e f s .
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  #  Ex t rac t  i n fo  abou t  an tennas  and  SPWs.

  myMsmd=msmdtool()
  myMsmd.open(vis)
  
  #  F i n d  t h e  a n t e n n a  l i s t  ( t h e  I D s  a n d  c o r r e s p o n d i n g  n a m e s ) .

  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()
 
  #  A l l  S u n  s c a n s .

  solScans=myMsmd.scansforintent('OBSERVE_TARGET#ON_SOURCE')
     
  myMsmd.done()

  #  Ou tpu t  PNG d i rec to r y .

  pngDir=os.getcwd+'/acdCals_plots/'
    
  # - -  L o o p  o v e r  a l l  a t m  s c a n s

  f o r aScan i n atmScans:
    
    #  T h e  n e x t - t a r g e t  s c a n :  S o l a r  o r  B P - c a l ?

    tgtScan=atmScan+1
  
    #  D o  t h e  s o l a r  o f f - s c a n  a n d  G *  c a l c u l a t i o n  o n l y  i f  t h e  S u n  s c a n  f o l l o w s .

    doSolarGain=(tgtScan i n solScans)
    
    #  S e t  t h e  o u t p u t  P N G  f i l e  p a t h  -  t h e  s o u r c e  d e s c r i p t i o n  ( S u n / B P ) .

    fPath=""

    i f  doSolarGain:
      fPath=pngDir+"Sun_"
    else:
      fPath=pngDir+"BP_"
    
    # - -  L o o p  o v e r  a l l  a n t e n n a s

 
    f o r myant i n antIDs:
    
      #  R e p o r t  p r o g r e s s .

      print('For scan ',aScan,' calculating antenna ',
            int(myant),'<-->',antNames[myant])

      # - -  I n i t  p l o t  f o r  a n t e n n a .

      plt.rcParams["figure.figsize"] = (20,80)
      #  M a k e  X X  a n d  Y Y  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )       

      ff,sps=plt.subplots(4,2)

      #  A n t e n n a  n a m e  a s  t h e  e n t i r e - p l o t  t i t l e .

      plt.suptitle(antNames[myant])

      #  X - a x i s  l a b e l  j u s t  f o r  t h e  b o t t o m  s u b - p l o t .

      sps[3,0].set_xlabel('frequency [GHz]')
      sps[3,1].set_xlabel('frequency [GHz]')

      # - -  Loop  ove r  SPWs.  Access  t hem by  i ndex  i n  o rde r  t o  map  them to  subp lo t s
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      f o r spwIndex i n range(len(sciSPWs)):

        spw=sciSPWs[spwIndex]
        
        calFactors=acd_calTabs(vis,aScan,int(myant),spw)

        #  E x t r a c t  t h e  f r e q u e n c y  S O W  d e f i n i t i o n .

        freqs=calFactors['freqs']
        nChans=len(freqs)

        
        #  E x t r a c t  t h e  g a i n  G / G *  a n d  t h e  a d d i t i v e  c o n s t a n t  T _ r x

        Trx_XX=calFactors['T_rx'][0]
        Trx_YY=calFactors['T_rx'][1]

        i f  doSolarGain:
          #  W e  a r e  d o i n g  s o l a r  s c a n ,  s h o w  G *  a s  t h e  ' m a i n '  g a i n .

          #  W e  h a v e  t w o  v a l u e s  f o r  t h e  b e g i n n i n g  a n d  t h e  e n d  o f  t h e  s o l a r  s c a n ,

          #  s h o w  t h e i r  a v e r a g e .

          iG_XX=0.5* (calFactors['iG*'][0][0]+calFactors['iG*'][1][0])
          iG_YY=0.5* (calFactors['iG*'][0][1]+calFactors['iG*'][1][1])

          #  O v e r - p l o t  t h e  M D  g a i n  b e f o r e  b e i n g  s c a l e d  b y  t h e  P _ o f f  f a c t o r .

          #  P r e p a r e  i t  t r i m m e d  b y  e d g e  c h a n n e l s  o n - t h e - f l y  -  s e e  b e l o w .

          iG0_XX=calFactors['iG'][0][7:nChans- 8]
          iG0_YY=calFactors['iG'][1][7:nChans- 8]

        else:
          #  We a re  do ing  BP scan ,  show G as  the  ga in .         

          iG_XX=calFactors['iG'][0]
          iG_YY=calFactors['iG'][1]

          
        #  T r im  the  edge  channe ls

        spwFreqs=freqs[spwIndex][7:nChans- 8]
        
        Trx_XX=Trx_XX[7:nChans- 8]
        Trx_YY=Trx_YY[7:nChans- 8]

        iG_XX=iG_XX[7:nChans- 8]
        iG_YY=iG_YY[7:nChans- 8]

        #  Y - a x i s  l a b e l s  f o r  e a c h  s u b - p l o t

        sps[spwIndex,0].set_ylabel('T_rx [K]')
        sps[spwIndex,1].set_ylabel('Inverse gain')
        
        
        #  P l o t  T _ r x  i n  t h e  l e f t  c o l u m n ,  X X  a s  r e d ,  Y Y  a s  b l u e .

        sps[spwIndex,0].plot(spwFreqs,Trx_XX,'-r')
        sps[spwIndex,0].plot(spwFreqs,Trx_YY,'-b')
        
        
        #  P l o t  t h e  ( i n v e r s e )  g a i n  i n  t h e  r i g h t  c o l u m n ,  X X  a s  r e d ,  Y Y  a s  b l u e .

        sps[spwIndex,1].plot(spwFreqs,iG_XX,'-r')
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        sps[spwIndex,1].plot(spwFreqs,iG_YY,'-b')

        #  I f  w e  a r e  i n  s o l a r  s c a n ,  o v e r p l o t  t h e  n o n - s c a l e d  g a i n  a s  d a s h e d .

        i f (aScan==8):
          sps[spwIndex,1].plot(spwFreqs,iG0_XX,'--r')
          sps[spwIndex,1].plot(spwFreqs,iG0_YY,'--b')
                 
        
      #  S a v e  t o  a  f i l e  a n d  c l o s e .

      plt.savefig(fPath+antNames[myant]+'.png')  
      plt.show() 
      plt.close()

  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

#                  3 .  E x t r a c t  r a w  d a t a  f r o m  t h e  M S  &  G a i n  c a l T a b l e s

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def tgt_pow(vis,tgtScan,ant,spw,myMS=None,myMsmd=None,subScans='on'):
  " " "

  E x t r a c t  t o t a l - p o w e r  d a t a  i n  * s p w *  f o r  t a r g e t  d e f i n e d  b y  t h e  * t g t S c a n *  n u m b e r

  a t  t h e  a n t e n n a  * a n t * .

  The  *myMS*  and  *myMsmd*  too l s  a t t ached  to  * v i s *  may  be  supp l i ed  f o r  speed -up .

  T h e  * s u b S c a n *  i s  r e l e v a n t  j u s t  f o r  t h e  s o l a r  t a r g e t  a n d  m a y  b e  e m p t y

  ( e n t i r e  s c a n )  o r  ' o n ' / ' o f f '  f o r  t h e  o n - s o u r c e  ( t h e  d e f a u l t )  a n d  o f f - s o u r c e

  s u b - s c a n s  s e l e c t i o n .

   

  T a r g e t ,  a n t e n n a ,  a n d  s p w  p a r a m s  M U S T  b e  i n t ,  n o t  s t r i n g s  -  s e e  a c d _ c a l T a b s ( ) .

  

  P e r f o r m s  M S  s e l e c t i o n  i n  o r d e r  t o  e x t r a c t  t h e  r a w  a u t o - c o r r e l a t i o n s  ( A C )  o r

  S Q L D  d a t a  ( d e p e n d i n g  o n  t h e  S P W  s e l e c t e d ) .  W e  g e t  t h e  t i m e - s e r i e s  o f  t h e

  * t o t a l  p o w e r s *  ( e i t h e r  A C  o r  S Q L D ) ;  i f  t h e  S P W  i s  c h a n n e l - r e s o l v e d  ( s p w s

  5 ,  7 ,  9 ,  a n d  1 1 ) ,  w e  h a v e  e v e n  t i m e  s e r i e s  o f  t h e  s p e c t r a .  I f  t h e  * t g t S c a n *

  i s  a  s o l a r  s c a n ,  w e  h a v e  t o  s e l e c t  j u s t  t h e  ' i n t e r n a l '  s u b s c a n s ,  o m i t t i n g  t h e

  v e r y  f i r s t  a n d  v e r y  l a s t  s u b - s c a n s ,  a s  t h e y  a r e  t a k e n  i n  t h e  o f f - s o u r c e

  p o s i t i o n  f o r  c a l i b r a t i o n  ( s e e  a c d _ c a l T a b s ( )  f o r  d e t a i l ) .

  N o t e :  I f  i n t e n d e d  t o  b e  u s e d  w i t h  a c d _ c a l T a b s ( ) ,  t h e  A T M  s c a n  i n  a c d _ c a l T a b s ( )

  s h o u l d  a s  m u c h  c l o s e  a s  p o s s i b l e  p r e c e d e  t h e  t a r g e t  s c a n  i n  t g t _ p o w ( ) .

  T h i s  i s  t h e  c a s e ,  f o r  e x a m p l e ,  w i t h  t h e  a r g u m e n t s  * a t m S c a n *  a n d  * t g t S c a n *

  i n  t g t _ T b ( ) .

  R e t u r n s :  A  t u p p l e  w i t h  t w o  c o m p o n e n t s .

  T h e  1 s t  c o m p o n e n t :  T i m e s  f o r  e a c h  a m p l i t u d e  a s  M J D  -  a n  a r r a y  o f  s i z e  n I n t e g s .

  T h e  2 n d  c o m p o n e n t :  A r r a y  o f  p o w e r s  i n  t h e  f o r m  2  x  n C h a n s  x  n I n t e g s .

  I . e . ,  2  x  1  x  n I n t e g s  f o r  t h e  S Q L D  a n d  c h a n - i n t e g r a t e d  S P W s ,  a n d

  2  x  1 2 8  x  n I n t e g s  f o r  c h a n n e l - r e s o l v e d  S P W s .  T h e  f i r s t  d i m  ( 2 )  m e a n s

  p o l a r i z a t i o n  ( X X ,  Y Y ) .

  " " "

  
  #  ms  and  msmd too l s  f l ags .

  ownMS=False
  ownMsmd=False

  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMS):
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    #  O p e n  t h e  m s  t o o l .

    myMS=mstool()
    myMS.open(vis)
    ownMS=True

  i f (not myMsmd):
    #  O p e n  t h e  m s  t o o l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True
  

  # - - -  S e l e c t i o n  b y  t h e  s u b - s c a n s .  T h i s  w e  w i l l  n e e d  i f  t h e  s o u r c e  i s  t h e  S u n :

  #     T h e  v e r y  f i r t s  a n d  v e r y  l a s t  s u b - s c a n s  i n  t h e  s o l a r  s c a n  a r e  f o r

  #     t a k i n g  t h e  P _ o f f .  T h i s  i s  l i k e  P _ s k y  i n  d u a l - l o a d  b u t  w i t h  h i g h

  #     a t t e n u a t i o n  l e v e l ,  s u i t a b l e  f o r  t h e  s o l a r  s c a n s .

  
  
  #  F i n d  t h e  d a t a _ d e s c _ i d  f o r  a  g i v e n  s c i e n c e  S P W .

  sciDataDescID=int(myMsmd.datadescids(spw=spw)[0])
  
  #  I n i t i a l i z e  t h e  M S  s e l e c t o r  b y  S P W .

  myMS.selectinit(datadescid=sciDataDescID)
  
  # Se lec t  ACs/SQLDs fo r  a  g iven  an tenna  and  the  scan  number .

  myMS.select({'antenna1':ant,'antenna2':ant,'scan_number':tgtScan}) 
  
  # - -  A r e  w e  ( t g t S c a n )  t h e  s o l a r  s c a n ?  I f  s o ,  r e f i n e  t h e  s e l e c t i o n .

  
  #  A l l  S u n  s c a n s .

  solScans=myMsmd.scansforintent('OBSERVE_TARGET#ON_SOURCE')
  
  i f (tgtScan i n solScans):
    # -  I n  c a s e  o f  t h e  s o l a r  s c a n  w e  h a v e  m o r e  s t r i c t  s e l e c t i o n  b y  s u b s c a n s .

    
    #  G e t  s u b - s c a n  i n f o  f o r  o u r  t g t S c a n .

    sub_info=aU.computeDurationOfScan(tgtScan,mymsmd=myMsmd,
                                      returnSubscanTimes=True)
    
    # How many sub-scans do we have?

    nSubScans=sub_info[1]
    
    #  T h e  o n - s o u r c e  s u b s c a n s  a r e  j u s t  t h e s e  i n  t h e  m i d d l e  ( 1 s t / l a s t  a r e  o f f ) .

    #  N o t e :  T h i s  i s  a  k e y  t o  t h e  m a p / d i c t i o n a r y  o f  s u b s c a n s  a n d  i t  s t a r t s  a t  1 .

    offSubScans=[1,nSubScans]
    onSubScans=range(2,nSubScans)

    
    #  M a k e  a n d  f i l l  a  l i s t  o f  t i m e - r a n g e s  ( a s  M J D s )  f o r  t h e  o n - s o u r c e  s u b - s c a n s .

    #  W e  u s e  t h e  s t r i n g  r e p r e s e n t a t i o n  o f  d a t e - t i m e  -  t h a t  i s  w h y  s u b _ i n f o [ 3 ]  i s

    #  e x t r a c t e d  h e r e .  T h i s  i s  s u i t a b l e  f o r  m s : : m s s e l e c t ( )  u s e d  s u b s e q u e n t l y  -

    # see the comments  be low.

    tRanges=[]

    i f (subScans=='on'):
      f o r oss i n onSubScans:
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        tRanges.append(sub_info[3][oss])
    e l i f (subScans=='off'):
      f o r offs i n offSubScans:
        tRanges.append(sub_info[3][offs])

    #  M a k e  t h e  s t r i n g - l i s t  t o  b e  a  s i n g l e  c o m m a - s e p a r a t e d  s t r i n g .

    trString=','.join(tRanges)    
      
    #  O n  d e m a n d ,  r e f i n e  s e l e c t i o n  t o  o n - / o f f -  s u b s c a n s  d e f i n e d  b y  t i m e - r a n g e .

    #  N o t e :  W e  u s e  m s : : m s s e l e c t ( )  ( a n d  n o t  m s : : s e l e c t ( ) )  h e r e  a s  i t  a l l o w s

    #  f o r  n o n - c o n t i g u o u s  u n i o n  o f  t i m e  i n t e r v a l s  f o r  t h e  s u b - s c a n s   

    i f (trString): myMS.msselect({'time':trString})
  
  # - -  F i l t r a t i o n  d o n e ,  n o w  p i c k - u p  a n d  p r o c e s s  t h e  d a t a .

  
  #  E x t r a c t  t h e  ( c o m p l e x )  d a t a  a n d  t h e i r  ' c o o r d i n a t e s '  f r o m  t h e  f i l t e r e d  M S .

  tgtData=myMS.getdata(["data","axis_info"],ifraxis=True)

  #  G e t  t h e  d a t a  ( c o m p l e x  a m p l i t u d e s )

  tgt_cAmp=tgtData["data"]
  
  #  G e t  t h e i r  c o r r e s p o n d i n g  t i m e s  a s  M J D .

  tgt_mjd=tgtData["axis_info"]["time_axis"]["MJDseconds"]
  
  #  T h e  d a t a  a r e  c o m p l e x  b y  n a t u r e ,  b u t  i n  f a c t  h a v i n g  j u s t  t h e  r e a l  p a r t .

  tgtPow=tgt_cAmp.real
  
  #  T h e  ' i f r a x i s = T r u e '  i n  t h e  m s . g e t d a t a ( )  a b o v e  c a u s e s  e x p a n s i o n  o f  t h e  a n t e n n a

  #  a x i s .  I n  o u r  c a s e  ( a u t o - c o r r s  o r  S Q L D s )  i t  i s  d e g e n e r a t e d  t o  d i m e n s i o n = 1 .

  #  L e t  u s  r e m o v e  i t  ( i t s  i s  t h e  3 r d  a x i s  o f  t h e  a r r a y ) .

  tgt_pow=np.squeeze(tgtPow,axis=2)

  # p r i n t ( ' T g t  p o w :  ' , t g t _ p o w )

  
  #  R e s e t  t h e  s e l e c t i o n .

  myMS.reset()

  #  D a t a  a r e  e x t r a c t e d ,  w e  c a n  c l o s e  t h e  t o o l s  ( i f  l o c a l ) .

  i f (ownMsmd): myMsmd.done()
  i f (ownMS): myMS.close()

  #  R e t u r n  t h e  t i m e  a x i s  a s  M J D .

  #  Re tu rn  t he  power  as  a  numpy  a r ray  o f  nPo l s  x  nChans  x  n In tegs  d ims .

  return (tgt_mjd,tgt_pow)

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def tgtPow_crossPlots(vis,ant,tgtScan,spw1,spw2):
  " " "

  C o m p a r e  t h e  p o w e r  v a r i a t i o n s  ( m e a n - s u b t r a c t e d  p o w e r s )  f o r  t a r g e t  i n  * t g t S c a n *

  i n  t w o  d i f f e r e n t  S P W s  * s p w 1 *  a n d  * s p w 2 *  ( s h o u l d  b e  o f  t h e  s a m e  t y p e :  e i t h e r

  A C  i n t e g r a t e d  o r  S Q L D s  -  n o t  c h e c k e d ! )  f o r  a  g i v e n  a n t e n n a  * a n t * .

  S p e c i f i c a l l y ,  w e  d o  s c a t t e r  p l o t  o f  p o w e r  v a r i a t i o n s  i n  * s p w 2 *  v s .  p o w e r s

  i n  * s p w 1 * .
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  I d e a :  D o  w e  s e e  d r y - c o m p o n e n t  o r  s o u r c e  i n t r i n s i c  c o n t r i b u t i o n  t o  t h e  p o w e r

  v a r i a t i o n s  i n  t h e  S P W s  f u r t h e r  f r o m  t h e  W V  l i n e  c e n t e r ?  T h e  u l t i m a t e  q u e s t i o n

  i s ,  w h i c h  o f  t h e  a p p r o a c h e s  t o  t h e  d P W V  p r o x y  s h a l l  b e  u s e d  -  w h e t h e r

  dPWV( )  /  dPWV_spwPar t ( )  o r  dWdB( ) ,  wh ich  coun ts  w i th  the  (apparen t )

  v a r i a b i l i t y  o f  t h e  s o u r c e ,  t o o  ( a n d  m a y  a c c o u n d  f o r  a d d i n g  t h e  d r y - c o m p o n e n t ) .

  R e s u l t :  W h e n  u s e d  f o r  t h e  B P  c a l i b r a t o r ,  w e  s e e  j u s t  a  s i n g l e  l i n e a r

  c o r r e l a t i o n  o f  t h e  s i g n a l  b e t w e e n  t h e  * s p w 1 *  a n d  * s p w 2 * .  I t s  s l o p e  m o r e  o r

  l e s s  c o r r e s p o n d s  t o  t h e o r y ,  g i v e n  t h e  b i g  r e l a t i v e  u n c e r t a i n t y  i n  T s k y - T a t m .

  F o r  t h e  S u n ,  h o w e v e r ,  w e  s e e  a  s o r t  o f  t w o  t i m e s c a l e s ,  e a c h  w i t h  a  d i f f e r e n t

  s l o p e .  I t  h a s  b e e n  f o u n d  t h a t  t h e  s l o w e r - v a r i a t i o n s  l i n e a r  s l o p e  c o r r e s p o n d s

  t o  t h e  r a t i o  o f  m a t r i x  c o e f f i c i e n t s  f o r  d W ,  w h i l e  t h e  f a s t e r  o n e  f o r  d B ,

  when  decompos ing  v i a  dWdB( )  me thod  i s  app l i ed .  Seee  dWdB( )  f o r  de ta i l s .

  " " "

  #  E x t r a c t  t h e  d a t a

  time1,data1=tgt_pow(vis,tgtScan,ant,spw1)
  time2,data2=tgt_pow(vis,tgtScan,ant,spw2)

  #  W e  u s e  c h a n n e l - i n t e g r a t e d  w i n d o w s  -  g e t  r i d  o f  t h e  f a k e  f r e q u e n c y  d i m e n s i o n .

  d1=np.squeeze(data1,axis=1)
  d2=np.squeeze(data2,axis=1)
  
  
  #  S e p a r a t e  b y  p o l a r i z a t i o n s ,  k e e p i n g  j u s t  t h e  v a r y i n g  p a r t s .

  d1MeanXX=d1[0].mean()
  d1VarsXX=d1[0]- d1MeanXX

  d1MeanYY=d1[1].mean()
  d1VarsYY=d1[1]- d1MeanYY

  d2MeanXX=d2[0].mean()
  d2VarsXX=d2[0]- d2MeanXX

  d2MeanYY=d2[1].mean()
  d2VarsYY=d2[1]- d2MeanYY

  plt.plot(d1VarsXX,d2VarsXX,'r-')
  plt.plot(d1VarsYY,d2VarsYY,'b.')

  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def getPhase(gTable,antID,spw):
  " " "

  E x t r a c t  p h a s e  v a r i a t i o n s  a s  a  f u n c t i o n  o f  t i m e  f r o m  t h e  g a i n - c a l  c a l i b r a t i o n

  t a b l e  * g T a b l e *  f o r  a n t e n n a  w i t h  * a n t I D *  a n d  i n  t h e  s p e c t r a l  w i n d o w  * s p w * .  

  " " "

  #  C r e a t e  t h e  t a b l e  t o o l  a n d  u s e  i t  t o  o p e n  t h e  g a i n  c a l t a b l e .

  cTab=tbtool()
  cTab.open(gTable)
 
  #  C o n s t r u c t  a  q u e r y  s t r i n g :  S e l e c t i o n  b y  a n t e n n a  a n d  s p w .

  selection="ANTENNA1=="+str(antID)+" && SPECTRAL_WINDOW_ID="+str(spw)
  
  #  E x t r a c t  t h e  s u b - t a b l e  t h a t  c o r r e s p o n d  t o  t h e  s e l e c t i o n  c r i t e r i a .
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  #  W e  n e e d  j u s t  t h e  t i m e  a n d  g a i n  c o l u m n s .

  ctSel=cTab.query(selection,sortlist="TIME",columns="TIME,CPARAM")
  
  #  E x t r a c t  t h e  c o l u m n  d a t a

  times=ctSel.getcol("TIME")     
  gains=ctSel.getcol("CPARAM")    

  print("--- Sizes: ", len(times), gains.shape)

  
  #  D a t a  a r e  e x t r a c t e d ,  w e  m a y  c l o s e  t h e  t a b  t o o l s  ( i n c l .  t h e  s u b - t a b l e  c t S e l ) .

  ctSel.close()
  cTab.done()
  
  #  The  ga ins  a r ray  has  a  shape  (nPo l s  x  1  x  nT imeSamp les )  f o r  s t anda rd

  #  G- tab les  and  on ly  (1  x  nT imeSamples )  fo r  the  WVR/PWV ca l tab les .

  #  Check  t he  ac tua l  shape .

  nPols=gains.shape[0]

  i f (nPols==2):
    #  E x t r a c t  t h e  p o l a r i z a t i o n s  s e p a r a t e l l y  a n d  c o n t r a c t  t h e  f a k e  s e c o n d  a x i s .

    #  A s  a  r e s u l t ,  w e  g e t  j u s t  1 D  a r r a y  w i t h  s i z e e q u a l  t o  n T i m e S a m p l e s  f o r

    #  e a c h  p o l a r i z a t i o n .

    gXX=gains[0][0]             
    gYY=gains[1][0]
  
    #  W e  a r e  i n t e r e s t e d  j u s t  i n  t h e  p h a s e s .

    phaseXX=np.angle(gXX)   
    phaseYY=np.angle(gYY)
    
  else:
    #  J u s t  S t o k e s - I

    gII=gains[0][0]

    #  I n  o r d e r  t o  h a v e  u n i f o r m  r e s u l t s ,  d u p l i c a t e  t h e  p h a s e s  f o r  X X / Y Y  p o l s .

    phaseXX=np.angle(gII)
    phaseYY=phaseXX

    
  #  U s e  n p . u n w r a p  i n  o r d e r  t o  g e t  r i d  o f  t h e  p h a s e  j u m p s  a t  + / -  P I .

  upXX=np.unwrap(phaseXX)   
  upYY=np.unwrap(phaseYY)   
  
  #  F o r m  t h e  r e t u r n e d  r e s u l t  a s  a  d i c t i o n a r y .

  pDict={'mjd':times,'phiXX':upXX,'phiYY':upYY}
  
  return pDict

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def getPhaseMS(vis,antID,spw):
  " " "

  I n s t e a d  o f  u s i n g  t h e  g a i n c a l ( )  s o l u t i o n  c o n t a i n e d  i n  t h e  g a i n T a b l e  ( a s

  g e t P h a s e ( )  d o e s ) ,  t r y  t o  e x t r a c t  p h a s e s  d i r e c t l y  f r o m  t h e  M S  u s i n g  t h e  D A T A

  and MODEL columns.

  W e  a r e  d o i n g  t h i s  t r i c k  j u s t  f o r  t h e  s o l a r  M S ,  s o  t h e  r e f A n t  a n d  t g t S c a n
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  p a r a m e t e r s  a r e  h a r d w i r e d  a t  t h e  b e g i n n i n g  o f  t h i s  r o u t i n e .

  " " "

  # - - -  H a r d - w i r e d  s e t t i n g s  f o r  t h e  s o l a r  t e s t  M S .

  
  #  R e f e r e n c e  a n t e n n a  f o r  t h e  s o l a r  M S .

  refAnt=37
  #  S o l a r  o b s e r v e - t a r g e t  s c a n .

  tgtScan=9

  
  myMsmd=msmdtool()
  myMsmd.open(vis)

  # -  1 .  I d e n t i f y  t h e  S P W  b y  t h e  d a t a _ d e s c _ i d

  myDataDescID=int(myMsmd.datadescids(spw=spw)[0])       

  # p r i n t ( ' S e l e c t e d  d a t a  d e s c  I D :  ' , m y D a t a D e s c I D )

  
  # -  2 .  I d e n t i f y  t h e  o f f - s o u r c e  s u b s c a n s  b y  t h e i r  t i m e  r a n g e .

  #  G e t  s u b - s c a n  i n f o  f o r  o u r  t g t S c a n .

  sub_info=aU.computeDurationOfScan(tgtScan,mymsmd=myMsmd,
                                    returnSubscanTimes=True)
  # How many sub-scans do we have?

  nSubScans=sub_info[1]
  
  #  T h e  o n - s o u r c e  s u b s c a n s  a r e  t h o s e  m i d d l e ,  e x c e p t  t h e  f i r s t  a n d  l a s t  o n e .

  #  N o t e :  T h i s  i s  a  k e y  t o  t h e  m a p / d i c t i o n a r y  o f  s u b s c a n s  a n d  i t  s t a r t s  a t  1 .

  onSubScans=range(2,nSubScans)
  #  M a k e  a n d  f i l l  a  l i s t  o f  t i m e - r a n g e s  ( a s  M J D s )  f o r  t h e  o n - s o u r c e  s u b - s c a n s .

  #  W e  u s e  t h e  s t r i n g  r e p r e s e n t a t i o n  o f  d a t e - t i m e  -  t h a t  i s  w h y  s u b _ i n f o [ 3 ]  i s

  #  e x t r a c t e d  h e r e .  T h i s  i s  s u i t a b l e  f o r  m s : : m s s e l e c t ( )  u s e d  s u b s e q u e n t l y  -

  # see the comments  be low.

  tRanges=[]
  
  f o r onss i n onSubScans:
    tRanges.append(sub_info[3][onss])
    
  #  M a k e  t h e  s t r i n g - l i s t  t o  b e  a  s i n g l e  c o m m a - s e p a r a t e d  s t r i n g .

  trString=','.join(tRanges)

  #  W e  a r e  d o n e  w i t h  t h e  t i m e - r a n g e  e x t r a c t i o n .

  myMsmd.done()

  # - - -  U s e  t h e  a b o v e  i d e n t i f i e r s / s e l e c t o r s  f o r  f i l t e r r i n g  t h e  d a t a  f r o m  M S .

  
  myMs=mstool()
  myMs.open(vis)
  
  #  I n i t i a l i z e  t h e  M S  s e l e c t o r  b y  S P W

  myMs.selectinit(datadescid=myDataDescID)

  #  M a t r i x  o f  c r o s s - c o r r e l a t i o n s / v i s i b i l i t i e s  i s  j u s t  t h e  u p p e r - t r i a n g u l a r :

  #  T h e  ' a n t e n n a 2 '  c o l u m n  s t a r t s  w i t h  a n t e n n a  t h a t  h a v e  b y  1  b i g g e r  I D  t h a n

  #  a n t e n n a 1  ( c h e c k e d  i n  b r o w s e t a b l e ( ) ) .  S o ,  w e  h a v e  t o  s e l e c t  c a r e f u l l y .

  i f (refAnt > antID):
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    ant1=antID
    ant2=refAnt
  else:
    ant1=refAnt
    ant2=antID

  
  #  S e l e c t  d a t a  f o r  a  g i v e n  a n t e n n a  a n d  t h e  s c a n  n u m b e r .

  myMs.select({'antenna1':ant1,'antenna2':ant2,'scan_number':tgtScan}) 

  #  R e f i n e  s e l e c t i o n  b y  o n - s o u r c e  s u b s c a n s  o n l y .

  #  N o t e :  W e  u s e  m s : : m s s e l e c t ( )  ( a n d  n o t  m s : : s e l e c t ( ) )  h e r e  a s  i t  a l l o w s

  #  f o r  n o n - c o n t i g u o u s  u n i o n  o f  t i m e  i n t e r v a l s  f o r  t h e  s u b - s c a n s   

  myMs.msselect({'time':trString})

  # - - -  F i l t r a t i o n  d o n e ,  n o w  p i c k - u p  a n d  p r o c e s s  t h e  d a t a .

  
  #  E x t r a c t  t h e  ( c o m p l e x )  d a t a  a n d  t h e i r  ' c o o r d i n a t e s '  f r o m  t h e  f i l t e r e d  M S .

  allData=myMs.getdata(["data","model_data","axis_info"],ifraxis=True)

  
  #  C l e a n - u p  t h e  t o o l  M S  t o o l .

  myMs.reset()
  myMs.close()

  #-  Sepa ra te  t he  comp lex -s t ruc tu red  da ta  t o  componen ts

  #   Remove  the  degene ra ted  base l i ne  ax i s  o f  d im=1 .

  #  G e t  t h e  r a w - d a t a  v i s i b i l i t i e s  s t o r e d  a s  c o m p l e x  a m p l i t u d e s .

  rawVis=np.squeeze(allData["data"],axis=2)
  #  G e t  t h e  m o d e l  v i s i b i l i t i e s  s t o r e d  a s  c o m p l e x  a m p l i t u d e s .

  modVis=np.squeeze(allData["model_data"],axis=2)
  #  G e t  t h e i r  c o r r e s p o n d i n g  t i m e s  a s  M J D  s e c s .

  time_mjds=allData["axis_info"]["time_axis"]["MJDseconds"]

  # -  D a t a  p r o c e s s i n g :  E x t r a c t  t h e  p h a s e s  o n l y .

  # Complex  ampl i tudes fo r  MODEL -  t r im the more ex tended edge channe ls  because

  #  t h e  M F S  i n  t c l e a n ( )  d o e s  n o t  w o r k  w i t h  t h e m  e i t h e r .

  
  mcAmpXX=modVis[0,20:107,:]
  mcAmpYY=modVis[1,20:107,:]

  #  Complex  amp l i tudes  fo r  DATA -  keep  the  same shape  as  fo r  mode l .

  dcAmpXX=rawVis[0,20:107,:]
  dcAmpYY=rawVis[1,20:107,:]

  #  P r o c e s s  t h e  p h a s e s .  C o r r e c t  w r a p s  a l o n g  t h e  f - a x i s  f o r  e a c h  t i m e  i n s t a n t .

  #  G e t  t h e  s i z e  o f  t - a x i s ,  i t  i s  t h e  s a m e  f o r  a l l  a r r a y s .

  tSize=dcAmpXX.shape[1]

  #  A r r a y s  f o r  t i m e - e v o l u t i o n  o f  t h e  m e a n  p h a s e  d e l a y s  a n d  t h e i r  S T D d e v s .

  phiXX=np.empty(tSize)
  phiYY=np.empty(tSize)
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  stdPhiXX=np.empty(tSize)
  stdPhiYY=np.empty(tSize)

  #  L o o p  o v e r  t i m e  ( i n t e g r a t i o n s ) .

  f o r tt i n range(tSize):

    # DATA phases  as  func t ions  o f  channe l ,  unwrapped .

    dPhiXX=unwrap2(np.angle(dcAmpXX[:,tt]))
    dPhiYY=unwrap2(np.angle(dcAmpYY[:,tt]))

    # MODEL phases as  funct ions  o f  channe l ,  unwrapped.

    mPhiXX=unwrap2(np.angle(mcAmpXX[:,tt]))
    mPhiYY=unwrap2(np.angle(mcAmpYY[:,tt]))

    # Make a di f ference DATA - MODEL

    dmPhiXX=dPhiXX- mPhiXX    
    dmPhiYY=dPhiYY- mPhiYY    

    #  F ind  the  mean  (ove r  f - channe ls )  and  RMS.

    phiXX[tt]=np.mean(dmPhiXX)
    phiYY[tt]=np.mean(dmPhiYY)

    #  F i n d  t h e  s t d d e v  ( o v e r  f - c h a n n e l s )  a n d  R M S .

    stdPhiXX[tt]=np.std(dmPhiXX)
    stdPhiYY[tt]=np.std(dmPhiYY)

  #  Unwrap  t he  phase  j umps  a l so  i n  t he  t ime  d imens ion .

  pXX=np.unwrap(phiXX)
  pYY=np.unwrap(phiYY)
    
  return (time_mjds,pXX,pYY,stdPhiXX,stdPhiYY)

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def plotPhases(vis,gTable,spw):
  " " "

  E x t r a c t  p h a s e s  f r o m  t h e  t a b l e  * g T a b l e *  f o r  a  g i v e n  * s p w *  u s i n g  g e t P h a s e ( )  a n d

  m a k e  s e r i e s  o f  p l o t s  ( a s  P N G  f i l e s )  f o r  a l l  a n t e n n a s  c o n t a i n e d  i n  t h e  c u r r e n t

  M S  * v i s * .

  " " "

  # - -  T h i s  M S - s p e c i f i c  d e f s .

  #  Ex t rac t  i n fo  abou t  an tennas  and  SPWs.

  myMsmd=msmdtool()
  myMsmd.open(vis)
  
  #  F i n d  t h e  a n t e n n a  l i s t  ( t h e  I D s  a n d  c o r r e s p o n d i n g  n a m e s ) .

  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()
     
  myMsmd.done()

  #  G a i n  t a b l e  m a y  r e s i d e  i n  a n o t h e r  d i r e c t o r y  ( e . g . ,  c a l i b r a t e d , s e l f _ c a l , . . . )

  #  D o  n o t  c o n f u s e  t h e  o u t p i t  d i r ,  u s e  j u s t  i t s  b a s e - n a m e  f o r  i d  o f  o u t p u t s .
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  gTableName=os.path.basename(gTable)
  
  #  O u t p u t  P N G  d i r e c t o r y .  O n e  p e r  g a i n  t a b l e .

  pngDir='./phase_plots/'+gTableName+'/'
  i f (not os.path.exists(pngDir)): os.makedirs(pngDir)

  # - -  L o o p  o v e r  a l l  a n t e n n a s

  
  f o r myant i n antIDs:
    
    #  R e p o r t  p r o g r e s s .

    print('Plotting antenna ',int(myant),'<-->',antNames[myant])

    #  G e t  p h a s e s  f o r  a  g i v e n  t i m e  a s  t h e  t i m e - > p h a s e  m a p  ( a  d i c t i o n a r y ) .

    tpDict=getPhase(gTable,int(myant),spw)

    time_axis=tpDict['mjd']
    phx=tpDict['phiXX']
    phy=tpDict['phiYY']
    
    # -  M a k e  a  p l o t  w i t h  a n  o v e r p l o t

    #  P l o t  p h a s e s  i n  r e d :  X X  s o l i d  l i n e ,  Y Y  d a s h e d .

    plt.plot(time_axis,phx,'-r')
    plt.plot(time_axis,phy,'--r')

    #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

    plt.title(antNames[myant])
    
    #  S a v e  t o  a  f i l e  a n d  c l o s e .

    plt.savefig(pngDir+'phi_'+antNames[myant]+'.png')  
    plt.show() 
    plt.close()

  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

#                  2 . + 3 .  A C D - c a l i b r a t e d  d a t a :  F r o m  p o w e r s  t o  t e m p e r a t u r e s

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def tgt_Tb(vis,atmScan,tgtScan,antID,spwID,myMS=None,myMsmd=None,
           acdLoads=None,myAtm=None):
  " " "

  C a l c u l a t e  A C D - c a l i b r a t e d  ' s k y '  b r i g h t n e s s  t e m p e r a t u r e s  f r o m  t h e  m e a s u r e d

  t o t a l - p o w e r  ( A C  o r  S Q L D )  d a t a .  T h e  ' s k y '  T b  i s  a  s u m  o f  t h e  a t m o s p h e r e

  c o n t r i b u t i o n  a n d  t h e  a t t e n u a t e d  ( b y  p a s s a g e  t h r o u g h  t h e  s a m e  a t m o s p h e r e )

  s i g n a l  o f  t h e  s o u r c e  ( t a r g e t )  d e f i n e d  b y  t h e  * t g t S c a n *  p a r a m e t e r .  T h e

  * a t m S c a n *  s h o u l d  b e  t h e  n e a r e s t  A T M  s c a n  p r e c e d i n g  t o  t h e  t a r g e t  s c a n .

  

  R e t u r n :  A  t u p p l e  o f  t h r e e  a r r a y s .  T h e  f i r s t  o n e  i s  a  t i m e - a x i s ,  t h e  1 - D  a r r a y

  o f  s i z e  n I n t e g ,  m e r e l y  r e p r o d u c t i o n  o f  t h e  t i m e - a x i s  ( a s  M J D )  f r o m  i n t e r n a l l y

  c a l l e d  t g t _ p o w ( ) .  T h e  o t h e r  t w o  a r r a y s  -  T x x  a n d  T y y ,  a r e  e a c h  o f  t h e  s h a p e

  nChans  x  n In tegs ,  nChans  i s  e i the r  1  (SQLD and  chan- in teg ra ted  AC SPWs)

  o r  1 2 8  ( c h a n - r e s o l v e d  A C  S P W s )  i n  c a s e  o f  S o l a r  B a n d  5  h i - r e s  M S .

  " " "
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  # - -  M S  a n d  m s m d  t o o l :  D o  w e  h a v e  g l o b a l  o r  l o c a l  i n s t a n c e s ?

  casalog.post("tgt_Tb()")

  #  M S  a n d  m s m d  t o o l s  f l a g s  ( l o c a l / g l o b a l )

  ownMS=False
  ownMsmd=False

  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMS):
    #  O p e n  t h e  m s  t o o l .

    myMS=mstool()
    myMS.open(vis)
    ownMS=True

  i f (not myMsmd):
    #  O p e n  t h e  m s  t o o l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis,doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)
    

  # - -  R e a d  A C D  c a l i b r a t i o n  t a b l e s  a n d  t h e  r a w  p o w e r s .

  #  A C D  c a l i b r a t i o n  ' t a b l e s ' :  T h e  ( i n v e r s e )  g a i n ( s )  a n d  T _ r x / T _ i n s t .

  
  gTrx=acd_calTabs2(vis,atmScan,antID,spwID,myAtm=myAtm,myMS=myMS,
                    myMsmd=myMsmd,acdLoads=acdLoads)

  #  A l t e r n a t i v e l l y ,  u s e  t h e  l e s s  a c c u r a t e  a c d _ c a l T a b s ( ) .

  # gTrx=acd_calTabs(vis,atmScan,antID,spwID,myMS=myMS,myMsmd=myMsmd,

  #                   a c d L o a d s = a c d L o a d s )

  #  R a w  t o t a l - p o w e r  d a t a  f o r  t h e  t a r g e t ,  p r e c e d e d  b y  t h e i r  t i m e s  a s  M J D

  mjd_tgt,Ptgt=tgt_pow(vis,tgtScan,antID,spwID,myMS,myMsmd)
  
  
  #  Power  has  d ims  2  x  nChans  x  n In tegs ,  whe re  2  =  num o f  po l s .

  #  K e e p  j u s t  t h e  t i m e  ( n I n t e g s )  a n d  p o s s i b l y  f r e q .  ( n C h a n s )  d i m e n s i o n s .

  sXX=Ptgt[0]
  sYY=Ptgt[1]
  
  #  Ana lyse  MS:  Reso lve  be tween  so la r  and  BP  tg tScan ,  f i nd  na t i ve  sc i  SPW

  #  r e s o l u t i o n  f o r  t h e  t a r g e t .   

  solScans=myMsmd.scansforintent('OBSERVE_TARGET#ON_SOURCE')
  tgtFreqs=myMsmd.chanfreqs(spwID)* 1.0e-9

  #  W e  c a n  c l o s e  t h e  t o o l s ,  i f  l o c a l .

  i f (ownMsmd): myMsmd.done()
  i f (ownMS): myMS.close()
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  #- -  We re tu rn  t ime-dependent  (and  fo r  some SPWs a lso  f requency-dependent )

  #    q u a n t i t i e s .  I n  o r d e r  t o  p e r f o r m  o p e r a t i o n s  w i t h  m u l t i - d i m e n s i o n a l

  #    a r r a y s  c o r r e c t l y ,  w e  h a v e  t o  u s e  t e n s o r  m u l t i p l i c a t i o n s  ( n p . t e n s o r d o t ( ) ) .

  #    T o  t h a t  e n d ,  t h e  t i m e - d i m e n s i o n  n e e d s  t o  b e  i n c o r p o r a t e d  a s  a  v e c t o r .  

  
  #  N u m .  o f  i n t e g r a t i o n s  i n  t h e  t a r g e t - p o w e r  d a t a .

  nIntegs=Ptgt.shape[2]
  
  #  T i m e - d i m e n s i o n  s t e p p i n g  v e c t o r  [  0 . 0 ,  1 . 0 ,  2 . 0 ,  . . .  ,  f l o a t ( n I n t e g s - 1 ) ]

  #  ( w o r k s  l i k e  f i n d g e n ( )  i n  I D L ) .

  tdVec=np.arange(nIntegs)
  #  T i m e - d i m e n s i o n  u n i t  v e c t o r  [ 1 . 0 ,  1 . 0 ,  1 . 0 ,  . . .  ,  1 . 0 ]

  #  ( w o r k s  l i k e  s t d : : v e c t o r < f l o a t > ( s i z e _ t  s ,  f l o a t ,  v a l = 1 . 0 )  i n  C + + ) .

  tdUnitVec=np.ones(nIntegs)
  
  
  # - -  C a l c u l a t e  t h e  t i m e - d o m a i n  g a i n s .

  
  # A r e  w e  ( t h e  t g t S c a n )  a  s o l a r  s c a n ?

  doSolarGain=(tgtScan i n solScans)
  
  i f (doSolarGain):
    #  U s e  G *  i f  w e  ( t h e  t g t S c a n )  a r e  a  s o l a r  s c a n .

    # - - -  A t t e n t i o n  ! ! !

    #

    #  T h i n k  a b o u t  l i n e a r  i n t e r p o l a t i o n  i n  t i m e  ( e x p r e s s e d  a s  i n t e g r a t i o n  i n d e x )

    #  a s  w e  h a v e  i G *  d e f i n e d  f o r  t h e  b e g i n n i n g  a n d  t h e  e n d  o f  t h e  s o l a r  s c a n .

    #  ( N o  f r e q u e n c y - d o m a i n  i n t e r p o l a t i o n  i s  r e q u i r e d ,  f o r  t h e  s o l a r  g a i n s  w e

    #  h a v e  d o n e  i t  i n  a c d _ c a l T a b ( )  a l r e a d y . )

    #

    #  O n  t h e  o t h e r  h a n d  ! ! !  C h a n g e  o f  t h e  P _ o f f  b e t w e e n  l e a d i n g  a n d  t r a i l i n g

    #  s u b - s c a n  * n e e d  n o t *  t o  b e  s o l e l y  b e c a u s e  o f  t h e  G *  g a i n  c h a n g e s  b u t  a l s o

    #  because  T_sky  has  chnanged  be tween  ( i )  ATM scan  p reced ing  the  ta rge t  scan ,

    #  ( i i )  l e a d i n g  P _ o f f  s u b - s c a n  o f  t g t  s c a n ,  a n d  ( i i i )  t r a i l i n g  P _ o f f  s u b s c a n .

    #  D e r i v a t i o n  o f  E q .  ( 8 )  i n  W h i t e  e t  a l .  ( 2 0 1 7 )  a s s u m e s  t h a t  T _ s k y  d o e s

    #  n o t  c h a n g e ,  b u t  a s  w e  a r e  i n  B a n d  5  ( h i g h  o p a c i t y )  a n d  u s u a l l y  w i t h

    #  med ium to  h igh  PWV,  change  in  the  PWV may  s ign i f i can t l y  change  va lue

    #  o f  T _ s k y .  I n  p r i n c i p l e ,  w e  s h o u l d  b e  a b l e  t o  i n f e r  T _ s k y ( t )  f r o m  t h e

    #  r a w  W V R  d a t a  a s  p e r  d W d L s ( ) .  T _ s k y ( t )  c a n  b e  t h e n  u s e d  t o  f i x i n g  t h e

    #  P _ o f f  s u b s c a n s  w . r . t  P _ s k y  o f  p r e c e d i n g  a t m  s c a n  -  t h i s  i s  t o d o  i t e m .

    #  U n t i l  i t  i s  i m p l e m e n t e d ,  t h e  s a f e s t  w a y  i s  t o  u s e  j u s t  G *  d e r i v e d  f r o m

    #  P _ o f f  o f  t h e  * l e a d i n g *  s u b - s c a n  ( t h a t  i s  w h y  i G e n d  b e l o w  t a k e s  i n d e x  ' 0 ' ) .

    #  T h e  l e a d i n g  s u b - s c a n  f o l l o w s  i m m e d i a t e l l y  a f t e r  a t m  s c a n  a n d  i s  o b s e r v e d

    #  a t  t h e  s a m e  s k y  p o s i t i o n ,  s o  t h e  T _ s k y  c h a n g e  b e t w e e n  t h o s e  t w o  s h o u l d  b e

    #  ( h o p e f u l l y )  s m a l l .

    iGbeg=gTrx['iG*'][0]
    iGend=gTrx['iG*'][0]

    #  To  be  uncommen ted  a f t e r  acd_Ca l tabs ( )  t akes  i n to  accoun t  T_sky  t ime

    #  v a r i a t i o n  i n f e r r e d  f r o m  t h e  r a w  W V R  d a t a .

    #  i G e n d = g T r x [ ' i G * ' ] [ 1 ]

    
    #  I n  o r d e r  t o  p r e v e n t  m e s s  w i t h  m u l t i - d i m e n s i o n a l  a r r a y s ,  w e  s p l i t

    #  p r o c e s s i n g  b y  p o l a r i z a t i o n .  A s  a  r e s u l t ,  w e  g e t  j u s t  t i m e -  a n d

    #  c h a n n e l - d e p e n d e n t  q u a n t i t i e s  ( o f  t h e  s h a p e  n C h a n s  x  n I n t e g s )

    
    iGbegXX=iGbeg[0]
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    iGbegYY=iGbeg[1]
    
    iGendXX=iGend[0]
    iGendYY=iGend[1]
    
    
    #  T h e  g a i n  s t e p  ( f r o m  i n t e g r a t i o n - t o - i n t e g r a t i o n ) .  1 - D  a r r a y s  o f  n C h a n s  d i m .

    gStepXX=(iGendXX- iGbegXX)/ (nIntegs- 1.0)
    gStepYY=(iGendYY- iGbegYY)/ (nIntegs- 1.0)
    
    
    #  L i n e a r l y  i n t e r p o l a t e d  ( i n  t i m e )  i - g a i n s  f o r  X X  a n d  Y Y  p o l s .  

    iGainXX=np.tensordot(iGbegXX,tdUnitVec,0)+np.tensordot(gStepXX,tdVec,0)    
    iGainYY=np.tensordot(iGbegYY,tdUnitVec,0)+np.tensordot(gStepYY,tdVec,0)

    #  E x t r a c t  T _ i n s t  -  i . e .  T r x  c o r r e c t e d  b y  P o / G  f o r  S Q L D  s p w s  t h a n  T r x  i t s e l f .

    #  T _ i n s t  a r e  c o n s t a n t  i n  t i m e ,  w i l l  b e  j u s t  e x t r a c t e d .  T h e  t i m e - d i m e n s i o n

    #  w i l l  b e  a d d e d  b e l o w ,  d u r i n g  c a l i b r a t i o n .

    Tixx=gTrx['T_inst'][0]
    Tiyy=gTrx['T_inst'][1]

    # - - >  e n d i f ( S u n )

    
  else:  
    #  N o n - s o l a r  t a r g e t .  U s e  i G  a s  a  ( i n v e r s e )  g a i n ,  n o  t i m e - i n t e r p o l a t i o n .

    #  I f  t h e  g a i n / T _ r x  l i v e s  a t  d i f f e r e n t  f r e c u e n c y  c h a n n e l s  ( s e e  a c d _ c a l T a b ( ) ) ,

    #  d o  i n t e r p o l a t i o n  i n  t h e  f r e q u e n c y  d o m a i n .  T h i s  s h o u i l d  n e v e r  h a p p e n  i n

    #  t h e  s o l a r  o b s e r v a t i o n ,  a s  i t  h a s  b o t h  t a r g e t  p o w e r s  ( s c i  S P W s )  a n d  t h e

    # Tsys  SPW ( fo r  ACD ca l )  i n  the  same shape (TDM =  128  channe ls ) .

    #  F requency  doma in  fo r  t he  ga in  G  and  T_ rx

    gainFreqs=gTrx['freqs']

    #  J u s t  a  v e r y  b a s i c  c h e c k  -  i f  i t  d o e s  n o t  w o r k ,  c h e c k  y e t  f [ 0 ]  a n d  d f .

    i f (len(tgtFreqs) ! = len(gainFreqs)):
      
      #  G a i n  a n d  t a r g e t  s p w  d e f i n i t i o n s  d i f f e r :  D o  i n t e r p o l a t e .

      iGxx=np.interp(tgtFreqs,gainFreqs,gTrx['iG'][0])
      iGyy=np.interp(tgtFreqs,gainFreqs,gTrx['iG'][1])
      
      Tixx=np.interp(tgtFreqs,gainFreqs,gTrx['T_inst'][0])
      Tiyy=np.interp(tgtFreqs,gainFreqs,gTrx['T_inst'][1])

    else:
      #  T h e  s a m e  c h a n n e l s  f o r  g a i n  a n d  t g t  d a t a ,  j u s t  e x t r a c t  t o  a  n e w  a r r a y .

      
      iGxx=gTrx['iG'][0]
      iGyy=gTrx['iG'][1]

      Tixx=gTrx['T_inst'][0]
      Tiyy=gTrx['T_inst'][1]

    #  R e p l i c a t e  i n  t i m e - d o m a i n :  C o n s t a n t  ( i n  t i m e )  i - g a i n s  f o r  X X  a n d  Y Y  p o l s .  

    iGainXX=np.tensordot(iGxx,tdUnitVec,0)
    iGainYY=np.tensordot(iGyy,tdUnitVec,0)

    # - - > e n d e l s e ( n o n - s o l a r  t g t )
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  # - -  N o w  a p p l y  t h e  c a l i b r a t i o n  s e p a r a t e l l y  f o r  X X  a n d  Y Y  p o l s .

  #    A d d  t h e  t i m e - d i m e n s i o n  a l s o  t o  t h e  T r x  v a l u e s .

  Txx=sXX* iGainXX- np.tensordot(Tixx,tdUnitVec,0)
  Tyy=sYY* iGainYY- np.tensordot(Tiyy,tdUnitVec,0)
  
    
  #  R e t u r n  t h e  b r i g t n e s s  t e m p e r a t u r e  f o r  X X  a n d  Y Y ,  p r e c e d e d  b y  t h e  t i m e - a x i s

  #  i n  M J D ,  a s  a  t u p p l e .

  return (mjd_tgt,Txx,Tyy)

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

#                           4 .  I n t e r f a c e  t o  A T M  m o d e l

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def setAtmTool(myAtm,vis,spw,scan,
               myMsmd=None,wvHeightScale=1.5,tempDropPerKm= -5.6):
  
  " " "

  S e t  t h e  a t m o s p h e r e  t o o l  ( c a s a t o o l s : : a t )  * m y A t m *  f o r  l a t e r  c a l c u l a t i o n  o f  t h e

  o p a c i t y  ( w e t  &  d r y  c o m p o n e n t )  a s  a  f u n c t i o n  o f  f r e q u e n c i e s  f o r  t h e  s i n g l e

  spec t ra l  w indow  *spw* .  The  * spw*  may  be  e i t he r  one  o f  t he  AC- reso l ved  sc i  SPWs

  o r  t h e  S P W = 4  f o r  t h e  W V R  d a t a .  T h e  a t t o o l  e f f e c t i v e l l y  r e p r e s e n t s  C A S A

  i n t e r f a c e  t o  t h e  u n d e r l y i n g  t e r r e s t r i a l - a t m o s p h e r e  r a d i a t i v e - t r a n s f e r  m o d e l

  ATM by  J .R .  Pa rdo .  

  

  I n p u t :

  T h e  s p w  s e t u p  a n d  t h e  a t m o s p h e r e  ( m e t e o )  p r o f i l e  m o d e l  a r e  e x t r a c t e d

  f r o m  t h e  i n p u t  m e a s u r e m e n t  s e t  * v i s * .  P a r a m e t e r  * s c a n *  d e t e r m i n e s  ( i )  t h e

  t i m e - r a n g e ,  f o r  w h i c h  w e  s e e k  t h e  m e t e o  p a r a m e t e r s ,  a n d  ( i i )  t h e  t a r g e t

  o b j e c t  a n d  i t s  e l e v a t i o n  ( H )  -  w e  n e e d  i t  f o r  t h e  a i r m a s s  ( A M  =   1 / s i n ( H ) )

  c a l c u l a t i o n .  T h e  W V  h e i g h t  s c a l e  a n d  t e m p e r a t u r e  d r o p  p e r  1 k m  a r e

  s e t  t o  t h e i r  d e f a u l t  v a l u e s ,  w h i c h  g i v e  t h e  b e s t  f i t  b e t w e e n  o u r  P W V s

  as  ca lcu la ted  by  pwvValc ( )  f rom the  raw WVR data  and the  SYSCAL PWV va lues

  f o r  t h e  2 0 2 3  B a n d  5  d a t a  -  s e e  p w v C a l c V e r i f y ( )  f o r  d e t a i l s .

 

  

  O u t p u t :

  T h e  a t m T o o l  * m y A t m *  g e t s  m o d i f i e d  i n  t h i s  r o u t i n e  s o  t h a t  i t  i s  r e a d y  f o r

  f u r t h e r  u s e  i n ,  e . g . ,   w o p a c i t y ( ) .

  W i t h  t h i s  f l e x i b i l i t y ,  w e  c a n  l a t e r  f o r c e  t h e  P W V  v a l u e  t o  b e  s e t  b y  a  u s e r .

  O u r  a t t o o l  i n t e r f a c e  h a s  b e e n  l o o s e l y  i n s p i r e d  b y  a U . p l o t A t m o s p h e r e ( ) .

  The  aU .p lo tA tmosphe re ( )  u t i l i t y ,  howeve r ,  uses  aU .ge tMed ianPWV(v i s )

  e v e n t h o u g h  i t s  * p w v *  a r g  i s  s e t ,  i f  t h e  v i s  a r g u m e n t  i s  p r e s e n t ,  s o  t h e  p w v

  a r g u m e n t  i s  a c t u a l l y  i g n o r e d  t h e r e .  M o r e o v e r ,  a U . p l o t A t m o s p h e r e ( )  r e t u r n s

  j u s t  t h e  r e p r e s e n t a t i v e - f r e q u e n c y  ( s c a l a r )  v a l u e s ;  w e  n e e d  t h e  f r e q u e n c y -

  d e p e n d e n t  o p a c i t y  v a l u e s  ( s e e  w o p a c i t y ( ) ) .

  

  S e e  a U : : p l o t A t m o s p h e r e ( )  a n d  c a s a t o o l s : : a t  f o r  d e t a i l s .

  " " "

  # - -  G e t  i n f o  a b o u t  t h e  S P W  d e f i n i t i o n ,  w e a t h e r ,  a n d  t a r g e t  e l e v a t i o n .

  #    W e  n e e d  m s m d  t o o l  a t t a c h e d  t o  o u r  M S  f o r  t h a t .

    
  #  L o c a l  m s m d - t o o l  f l a g .

  ownMsmd=False
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  i f (not myMsmd):
    #  O p e n  t h e  m s  t o o l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True

  # - -  W e a t h e r  &  a i r m a s s  ( 1 / s i n ( e l e v a t i o n ) )  -  p e r - s c a n  s p e c i f i c .

  #    W e  h a v e  t o  s t a r t  w i t h  t h a t  a n d  s e t  t h e  S P W  l a t e r ,  r e v e r t e d  o r d e r

  #    d o e s  n o t  w o r k !

  #  W e  u s e  h e r e  t h e  s t a n d a r d  a U . g e t W e a t h e r ( )  j u s t  f o r  e x t r a c t i n g  t a r g e t

  #  e l e v a t i o n  i n  o r d e r  t o  c a l c u l a t e  a i r m a s s .  F o r  t h e  m e t e o  c h a r a c t e r i s t i c s

  #  we  use  ou r  (more  accu ra te )  app roach  in  ge tMe teoForScan( ) .

  #  g e t W e a h e r ( )  r e t u r n s  a  t u p p l e ,  t h e  w e a t h e r  d i c t i o n a r y  i s  i t s  1 s t  c o m p o n e n t .

  wDict = (aU.getWeather(vis, scan=scan, mymsmd=myMsmd))[0]
  #  g e t M e t e o F o r S c a n ( )  r e t u r n s  d i r e c t l y  a  m a p / d i c t i o n a r y .

  wDict2=getMeteoForScan(vis,scan,myMsmd)

  
  #  E leva t i on /a i rmass  f rom aU.ge tWea the r ( )

  elevation = wDict['elevation']
  airMass = 1/ np.sin(np.radians(elevation))

  # Meteo f rom getMeteoForScan()

  humidity = wDict2['humidity']
  temperature = wDict2['temperature']
  pressure = wDict2['pressure']

  # - -  T e l e s c o p e  l o c a t i o n  &  c l i m a  -  A L M A - s p e c i f i c

  #  D e f a u l t  c l i m a t i c  m o d e l  f o r  A L M A (  ' m i d L a t i t u d e W i n t e r '  o r  ' t r o p i c a l ' ) .

  almaClima=aU.translateLatitudeClass('midLatitudeWinter')
  #  WV sca le -he igh t  f o r  ALMA [km] .

  h0=wvHeightScale
  # Tempera ture  drop per  1  km

  tempGrad=tempDropPerKm

  #  A l t i t u d e  o f  A L M A  [ m ] .

  altitude = 5059.0
  
  #- -  Defau l t  ATM mode l  params.

    
  #  T o p  a l t i t u d e   o f  t h e  a t m o s p h e r e  [ k m ] .

  maxAltitude=60.0
  #  P r e s u r r e  s t e p  [ m b a r ] .

  dP=5.0
  #  P r e s s u r e - s t e p  f a c t o r  [ d i m e n s i o n - l e s s ] .

  dPm=1.1
  
  # -  T h e s e  p a r a m e t e r s  a r e  r e q u e s t e d  a s  q u a n t i t i e s  i n  a t . i n i t A t m P r o f i l e ( )

  
  tempQa=qa.quantity(temperature,"K")
  altQa=qa.quantity(altitude,"m")
  pressQa=qa.quantity(pressure,"mbar")
  h0Qa=qa.quantity(h0,"km")
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  maxAltQa=qa.quantity(maxAltitude,"km")
  dPQa=qa.quantity(dP,"mbar")
  tempGradQa=qa.quantity(tempGrad,"K/km")
  

  # - -  S e t u p  t h e  a t m o s p h e r i c  v e r t i c a l  p r o f i l e .

  atmModel= myAtm.initAtmProfile(humidity=humidity,
                                 temperature=tempQa,
                                 altitude=altQa,
                                 pressure=pressQa,
                                 h0=h0Qa,
                                 dTem_dh=tempGradQa,
                                 maxAltitude=maxAltQa,
                                 dP=dPQa,
                                 atmType=almaClima,
                                 dPm=dPm)
  
  
   
  # - -  S P W  d e f i n i t i o n .

  
  #  Ex t rac t  a l l  SPW channe l s  f r om me tada ta .

  freqs = myMsmd.chanfreqs(spw)* 1.0e-9 #  n d a r r a y ,  i n  G H z

  # -  W e  h a v e  t o  m a k e  a  s p e c i f i c  s e t t i n g s  f o r  S P W  4  -  t h e  W V R  d a t a .

  #   W h y ?  I t  h a s  4  c h a n n e l s ,  b u t  t h e y  h a v e  d i f f e r e n t  b a n d w i d t h s  ( s e e  F i g u r e  i n

  #  Appendix A6 (WVRs) of  ALMA Technical  Handbook.

  #   So lu t i on :  We de f i ne  ex t ra  ATM SPW fo r  each  o f  t he  4  WVR channe ls .

  #   T h e  ' s u b - c h a n n e l '  r e s o l u t i o n  i n  t h e s e  A T M  S P W s  i s  a r b i t r a r y ,  b u t  i t  h e l p s

  #   u s  t o  p r o p e r l y  i n t e g r a t e  o v e r  t h e  b a n d - w i d t h  o f  e a c h  W V R  c h a n n e l .

  #   F o r  t h e  s c i e n c e  S P W s  w e  a r e  u s i n g  t h e  n a t u r a l  c h a n n e l  r e s o l u t i o n  o f  t h e

  #   channe l - reso l ved  SPWs,  even  fo r  t he  i n teg ra ted  ACs  and  SQLDs ,  t hese  a re

  #  a lways  mapped to  cor respond ing  reso lved  SPW in  the  same f requency  domain .

  i f (spw == 4):
    #-- WVR SPW: 1 ATM SPW per 1 WVR channel,  make 100 sub-channels in each.

    
    print("Specific setup for the WVR SPW.")
    
    #  Ex t rac t  t he  WVR channe l  w id ths .  

    dfs = myMsmd.chanwidths(4)* 1.0e-9 #  n d a r r a y ,  i n  G H z

    
    # -  a t . i n i t S p e c t r a l W i n d o w ( )  r e q u i r e s  s o m e  a r g s  a s  q u a n t i t i e s .

    
    fCenterQa=qa.quantity(list(freqs),'GHz')
    fWidthQa=qa.quantity(list(dfs),'GHz')
    #  D e f i n e  1 0 0  ( a r b i t r a r y )  v i r t u a l  s u b - c h a n n e l s  p e r  e a c h  W V R  c h a n n e l .

    dfQa=qa.quantity(list(0.01* dfs),'GHz')
    
    #  S e t u p  o u r  s p e c t r a l  w i n d o w s :  F r e q u e n c y - d o m a i n  f o r  t h e  a t t o o l .

    myAtm.initSpectralWindow(len(freqs),fCenterQa,fWidthQa,dfQa)
    
  else:
    #- -  Sc i  SPW:  1  ATM SPW per  1  sc i  SPW,  keep 128-channe l  reso lu t ion .

    # We are  a lways  mapped to  channe l - reso lved SPWs (even fo r  s ing le -channe l  ACs

    #  a n d  S Q L D s ) .  C a l c u l a t e  t h e  d e r i v e d  S P W  c h a r a c t e r i s t i c s .
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    #  C h a n n e l  a r e  e v e n l y  d i s t r i b u t e d  f o r  s c i  S P W s ,  s o  w e  c a n  d e t e r m i n e  t h e

    #  c h a n n e l  w i d t h  a s  a  d i f f e r e n c e  o f  a n y  t w o  c e n t r a l  c h a n n e l  f r e q u e n c i e s .

    #  I f  t h e  s p w  h a s  d e c r e a s i n g  f r e q u e n c i e s ,  w e  r e v e r t  t h e  o r d e r .

    df=abs(freqs[1]- freqs[0])
    #  R e f .   r r e q u e n c y  i s  i n  t h e  c e n t e r  o f  t h e  S P W .

    refFreq = np.mean(freqs)

    #  T h i s  i s  t h e  f u l l  S P W  w i d t h .  T h e  f r e q s [ ]  a r r a y  s t o r e s  * c e n t r a l *  f r e q u e n c i e s

    #  f o r  e a c h  c h a n n e l ,  s o  i n  o r d e r  t o  r e a c h  t h e  v e r y  S P W  e d g e s  w e  h a v e  t o

    #  e x t e n d  b y  t h e  c h a n n e l  h a l f - w i d t h  a t  b o t h  s i d e s .

    frequencyRange = [np.min(freqs)- 0.5* df, np.max(freqs)+0.5* df]
  
    # -  a t . i n i t S p e c t r a l W i n d o w ( )  r e q u i r e s  s o m e  a r g s  a s  q u a n t i t i e s .

  
    fCenterQa=qa.quantity(refFreq,'GHz')
    fWidthQa=qa.quantity(frequencyRange[1]- frequencyRange[0],'GHz')
    dfQa=qa.quantity(df,'GHz')

    #  S e t u p  o u r  s i n g l e  s p e c t r a l  w i n d o w :  F r e q u e n c y - d o m a i n  f o r  t h e  a t t o o l .

    myAtm.initSpectralWindow(1,fCenterQa,fWidthQa,dfQa)
  #--> endelse(Sc i  SPW)

  #  C l o s e  t h e  m s m d  t o o l  i f  l o c a l .

  i f (ownMsmd): myMsmd.done()

  # - -  S e t  t h e  t a r g e t  ( s c a n )  s p e c i f i c  a i r m a s s  ( c o s e c ( e l e v a t i o n ) ) .

  myAtm.setAirMass(airMass)

  " " "

  #  Debug:  Pr in t  SPW summary.

  

  nChans=myAtm.getNumChan(0)

  cWidth=myAtm.getChanSep(0)

  f o r  c  i n  r a n g e ( n C h a n s ) :

    cFreq=myAtm.getChanFreq(c ,0)   

    p r i n t ( " C h a n n e l  " ,  c ,  " :  c e n t r a l  f r e q u e n c y  =  " , c F r e q [ ' v a l u e ' ] [ 0 ] ,

          c F r e q [ ' u n i t ' ] , " ,  c h a n n e l  w i d t h :  " ,  c W i d t h [ ' v a l u e ' ] [ 0 ] , c W i d t h [ ' u n i t ' ] )

  

  " " "

  
  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def setAtmTool4SPWs(myAtm,vis,scan,
                    myMsmd=None,wvHeightScale=1.5,tempDropPerKm= -5.6):
  " " "

  S i m i l a r  t o  s e t A t m T o o l ( )  b u t  n o w  i t  m a k e s  t h e  s e t u p  f o r  t h e  4  c h a n n e l - r e s o l v e d

  AC  SPWS ( i . e .  no  WVR spw  poss ib l e  t o  be  se t  he re ) .

  A s  r e s u l t ,  * m y A t m *  h a s  4  s p w s  0  -  3  m a p p e d  f r o m  t h e  s c i  S P W s  5 , 7 , 9 ,  a n d  1 1 .

  F o r  t h e  t e m p e r a t u r e ,  p r e s s u r e  a n d  h u m i d i t y  p r o f i l e  w e  u s e  t h e  s a m e  s e t u p  a s

  i n  s e t A t m T o o l ( ) .

  " " "

  # - -  G e t  i n f o  a b o u t  t h e  S P W  d e f i n i t i o n ,  w e a t h e r ,  a n d  t a r g e t  e l e v a t i o n .
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  #    W e  n e e d  m s m d  t o o l  a t t a c h e d  t o  o u r  M S  f o r  t h a t .

    
  #  L o c a l  m s m d - t o o l  f l a g .

  ownMsmd=False

  i f (not myMsmd):
    #  O p e n  t h e  m s  t o o l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True

  # - -  W e a t h e r  &  a i r m a s s  ( 1 / s i n ( e l e v a t i o n ) )  -  p e r - s c a n  s p e c i f i c .

  #    W e  h a v e  t o  s t a r t  w i t h  t h a t  a n d  s e t  t h e  S P W  l a t e r ,  r e v e r t e d  o r d e r

  #    d o e s  n o t  w o r k !

  #  W e  u s e  h e r e  t h e  s t a n d a r d  a U . g e t W e a t h e r ( )  j u s t  f o r  e x t r a c t i n g  t a r g e t

  #  e l e v a t i o n  i n  o r d e r  t o  c a l c u l a t e  a i r m a s s .  F o r  t h e  m e t e o  c h a r a c t e r i s t i c s

  #  we  use  ou r  (more  accu ra te )  app roach  in  ge tMe teoForScan( ) .

  #  g e t W e a h e r ( )  r e t u r n s  a  t u p p l e ,  t h e  w e a t h e r  d i c t i o n a r y  i s  i t s  1 s t  c o m p o n e n t .

  wDict = (aU.getWeather(vis, scan=scan, mymsmd=myMsmd))[0]
  #  g e t M e t e o F o r S c a n ( )  r e t u r n s  d i r e c t l y  a  m a p / d i c t i o n a r y .

  wDict2=getMeteoForScan(vis,scan,myMsmd)

  
  #  E leva t i on /a i rmass  f rom aU.ge tWea the r ( )

  elevation = wDict['elevation']
  airMass = 1/ np.sin(np.radians(elevation))

  # Meteo f rom getMeteoForScan()

  humidity = wDict2['humidity']
  temperature = wDict2['temperature']
  pressure = wDict2['pressure']

  # - -  T e l e s c o p e  l o c a t i o n  &  c l i m a  -  A L M A - s p e c i f i c

  #  D e f a u l t  c l i m a t i c  m o d e l  f o r  A L M A (  ' m i d L a t i t u d e W i n t e r '  o r  ' t r o p i c a l ' ) .

  almaClima=aU.translateLatitudeClass('midLatitudeWinter')
  #  WV sca le -he igh t  f o r  ALMA [km] .

  h0=wvHeightScale
  # Tempera ture  drop per  1  km

  tempGrad=tempDropPerKm

  #  A l t i t u d e  o f  A L M A  [ m ] .

  altitude = 5059.0
  
  #- -  Defau l t  ATM mode l  params.

    
  #  T o p  a l t i t u d e   o f  t h e  a t m o s p h e r e  [ k m ] .

  maxAltitude=60.0
  #  P r e s u r r e  s t e p  [ m b a r ] .

  dP=5.0
  #  P r e s s u r e - s t e p  f a c t o r  [ d i m e n s i o n - l e s s ] .

  dPm=1.1
  
  # -  T h e s e  p a r a m e t e r s  a r e  r e q u e s t e d  a s  q u a n t i t i e s  i n  a t . i n i t A t m P r o f i l e ( )
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  tempQa=qa.quantity(temperature,"K")
  altQa=qa.quantity(altitude,"m")
  pressQa=qa.quantity(pressure,"mbar")
  h0Qa=qa.quantity(h0,"km")
  maxAltQa=qa.quantity(maxAltitude,"km")
  dPQa=qa.quantity(dP,"mbar")
  tempGradQa=qa.quantity(tempGrad,"K/km")
  

  # - -  S e t u p  t h e  a t m o s p h e r i c  v e r t i c a l  p r o f i l e .

  atmModel= myAtm.initAtmProfile(humidity=humidity,
                                 temperature=tempQa,
                                 altitude=altQa,
                                 pressure=pressQa,
                                 h0=h0Qa,
                                 dTem_dh=tempGradQa,
                                 maxAltitude=maxAltQa,
                                 dP=dPQa,
                                 atmType=almaClima,
                                 dPm=dPm)
  
     
  #- -  Setup  the  4  ATM SPWs cor recpond ing  to  chan- reso lved ACs.

  #  A r r a y s  f o r  s p w - d e f i n i n g  p a r a m e t e r s .  

  refFreq=np.zeros(4)
  df=np.zeros(4)
  bandWidth=np.zeros(4)

  atmSpwIndex=0
  
  f o r sciSPW i n [5,7,9,11]:

    #  Ex t rac t  a l l  SPW channe l s  f r om me tada ta .

    freqs=myMsmd.chanfreqs(sciSPW)* 1.0e-9 #  n d a r r a y ,  i n  G H z

    
    #  C h a n n e l s  a r e  e v e n l y  d i s t r i b u t e d  f o r  s c i e n c e  S P W s ,  s o  w e  c a n  d e t e r m i n e  t h e

    #  c h a n n e l  w i d t h  a s  a  d i f f e r e n c e  o f  a n y  t w o  c e n t r a l - c h a n n e l  f r e q u e n c i e s .

    #  I f  t h e  s p w  h a s  d e c r e a s i n g  f r e q u e n c i e s ,  w e  r e v e r t  t h e  o r d e r .

    df_cur=abs(freqs[1]- freqs[0])
    df[atmSpwIndex]=df_cur
    #  R e f .  f r e q u e n c y  i s  i n  t h e  c e n t e r  o f  t h e  S P W .

    refFreq[atmSpwIndex] = np.mean(freqs)

    #  T h i s  i s  t h e  f u l l  S P W  w i d t h .  T h e  f r e q s [ ]  a r r a y  s t o r e s  * c e n t r a l *  f r e q u e n c i e s

    #  f o r  e a c h  c h a n n e l ,  s o  i n  o r d e r  t o  r e a c h  t h e  v e r y  S P W  e d g e s  w e  h a v e  t o

    #  e x t e n d  i t  b y  t h e  c h a n n e l  h a l f - w i d t h  a t  b o t h  e n d s .

    frequencyRange = [np.min(freqs)- 0.5* df_cur, np.max(freqs)+0.5* df_cur]
    bandWidth[atmSpwIndex]=frequencyRange[1]- frequencyRange[0]

    atmSpwIndex+=1

  # - - >  e n d f o r  ( s c i  S P W s )

    
  # -  a t . i n i t S p e c t r a l W i n d o w ( )  r e q u i r e s  s o m e  a r g s  a s  q u a n t i t i e s .  C o n v e r t

  #   t h e  n p . a p p a y s  t o  p y t h o n  l i s t s .
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  fCenterQa=qa.quantity(list(refFreq),'GHz')
  fWidthQa=qa.quantity(list(bandWidth),'GHz')
  dfQa=qa.quantity(list(df),'GHz')

  #  S e t u p  o u r  s p e c t r a l  w i n d o w s :  F r e q u e n c y - d o m a i n  f o r  t h e  a t t o o l .

  myAtm.initSpectralWindow(4,fCenterQa,fWidthQa,dfQa)

  #  C l o s e  t h e  m s m d  t o o l  i f  l o c a l .

  i f (ownMsmd): myMsmd.done()

  # - -  S e t  t h e  t a r g e t  ( s c a n )  s p e c i f i c  a i r m a s s  ( c o s e c ( e l e v a t i o n ) ) .

  myAtm.setAirMass(airMass)

  return
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def wopacity(vis,spw,scan,userPWV= -1.0):

  " " "

  U s e s  t h e  a t m o s p h e r e  t o o l  ( c a s a t o o l s : : a t )  f o r  c a l c u l a t i o n  o f  t h e  o p a c i t y

  ( w e t  &  d r y  c o m p o n e n t )  a s  a  f u n c t i o n  o f  f r e q u e n c i e s  f o r  t h e  s c i e n c e  s p e c t r a l

  w i n d o w  * s w p * .  W e  p r e s e t  t h e  a t T o o l  v i a  s e t A t m T o o l ( ) .

    

    

  R e t u r n  v a l u e :  d i c t i o n a r y  w i t h  t h e  f o l l o w i n g  c o m p o n e n t s :

  a i r M a s s :  1 / s i n ( h )  f o r  t h e  o b j e c t  o b s e r v e d  i n  t h e  s c a n  * s c a n *

  t a u _ 1 :  ' W e t '  c o m p o n e n t  o f  t h e  z e n i t h  o p a c i t y  f o r  P W V = 1 . 0  a s  a  f u n c t i o n  o f

  f r e q u e n c y  c h a n n e l s  ( 1 d - a r r a y ) .

  t a u _ d :  D r y  c o m p o n e n t  o f  t h e  z e n i t h  o p a c i t y  a s  f u n c t i o n  o f  c h a n n e l s .

  t a u _ w :  W e t  z e n i t h  o p a c i t y  a s  a  f u b c t i o n  o f  c h a n n e l  f o r  t h e  a c t u a l  P W V .

  T _ a t m :  E f f e c t i v e  t e m p e r a t u r e  o f  t h e  a t m o s p h e r e  ( u s e d  i n  ( 1 - t r a n s ) * T a t m  e x p r . ) .

  " " "

  #  T h i s  m e t h o d  i s  i n t e n d e d  j u s t  f o r  c h a n n e l - r e s o l v e d  s c i e n c e  S P W s .

  #  R e t u r n  i m m e d i a t e l l y  i f  w e  a r e  t r y i n g  t o  c a l c u l a t e  i t  f o r  o t h e r .

  i f (spw not i n [5,7,9,11]):
    print("wopacity() is intended just for resolved sci SPWs, which ",spw,
          " is not.")
    return
  
  # - -  O p e n  a n d  s e t  t h e  a t m  t o o l .

  myAtm=attool()
  setAtmTool(myAtm,vis,spw,scan)

  # - - -  C a l c u l a t e  t h e  o p a c i t i e s  f o r  P W V = 1 . 0  ( z e n i t h  v a l u e ) .

  
  pwv=1.0
  myAtm.setUserWH2O(qa.quantity(pwv,'mm'))
  
  # -  E x t r a c t  t h e  o p a c i t i e s  f r o m  t h e  A T M  m o d e l .

  
  #  D r y  z e n i t h  o p a c i t y

  tau_d = np.array(myAtm.getDryOpacitySpec(0)[1])
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  #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y  f o r  P W V = 1 . 0

  tau_1 = np.array(myAtm.getWetOpacitySpec(0)[1]['value'])
  
  # - - -  W e  n e e d  a l s o  t h e  T _ a t m  -  e s t i m a t i o n  o f  t h e  e f f e c t i v e  g a s  t e m p e r a t u r e .

  #     T h i s  t o  b e  c a l c u l a t e d  f o r  t h e  a c t u a l  P W V  d u r i n g  t h e  o b s e r v a t i o n .

  #     P W V  m a y  b e  s u p p l i e d  b y  t h e  u s e r  ( e . g . ,  p e r  a n t e n n a ) .  I f  n o t ,  w e

  #     use  med ian  PWV ove r  en t i r e  EB  and  a r ray .

  i f (userPWV>0.0):
    pwv=userPWV
  else:
    #  G e t  t h e  m e d i a n  P W V  o v e r  e n t i r e  a r r a y  f o r  e n t i r e  E B  d u r a t i o n .

    pwv=aU.getMedianPWV(vis)[0]

  #  Se t  the  ac tua l  PWV as  to  the  ATM mode l .

  myAtm.setUserWH2O(qa.quantity(pwv,'mm'))
  
  # -  E x t r a c t  t h e  o p a c i t i e s  &  f r i e n d s  f r o m  t h e  A T M  m o d e l .

  
  #  D r y  z e n i t h  o p a c i t y

  tau_dry = np.array(myAtm.getDryOpacitySpec(0)[1])
  #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

  tau_wet = np.array(myAtm.getWetOpacitySpec(0)[1]['value'])
  
  #  B r i g h t n e s s  t e m p e r a t u r e  ( E f f e c t i v e  B l a c k - B o d y )  o f  t h e  a t h m o s p h e r e

  TebbSky = myAtm.getTebbSkySpec(spwid=0)[1]['value']

  #  E x t r a c t  t h e  a i r m a s s  f o r  t h e  c u r r e n t  s c a n .

  airMass=myAtm.getAirMass()

  #  R e c a l c u l a t e  i t  t o  ( e f f e c t i v e )  g a s  t e m p a r a t u r e  v i a  T _ b  =  T _ a t m * ( 1 - t r a n s )  

  opacity = airMass* (tau_wet+tau_dry)
  transmission = np.exp(- opacity)

  #  S h a p e :  1 D  a r r a y  o f  s i z e  n C h a n s - 1 .  A n y w a y ,  i t  i s  a l m o s t  c o n s t a n t ,  m a y  b e

  #  e a s i l l y  r e p r e s e n t e d  b y  a  s i n g l e  v a l u e  ( e . g . ,  t h e  m e a n ) .

  T_atm = TebbSky /  (1- transmission)
  
  # - - -  C o m p o s e  t h e  r e t u r n  v a l u e  a s  a  d i c t i o n a r y .  C l e a n - u p  t h e  a t m  t o o l

  
  atmProp={'airmass':airMass,'tau_d':tau_d,'tau_w':tau_wet,'tau_1':tau_1,
           'tr':transmission,'T_atm':T_atm}
  
  myAtm.done()
  
  return atmProp

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def setAtmosSciSPWs(vis,tgtScan,spwList):
  " " "

  C a l c u l a t e  t h e  A T M  p r o f i l e s  u s i n g  w o p a c i t y ( )  f o r  a l l  c h a n n e l - r e s o l v e d  s c i  S P W s .

  T h e n ,  u s i n g  t h e  s p w - m a p p i n g  a t t r i b u t e  t h e  a p p r o p r i a t e  A T M  p r o f i l e  t o  e v e r y

  sc ience  SPW (chan - reso l ved  and  i n teg ra ted  ACs  and  SQLDs)  i n  t he  * spwL is t * .

  Use  * t g tScan*  f o r  de te rm in i ng  t he  app ropo ra te  ATM mode l  -  we  have  scan -

  dependent  meteo parameters  and a i rmass .
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  U s e d  a s  a  s i n g l e - s h o t  f u n c t i o n  i n  t h e  m e t h o d s  t h a t  i t e r a t e  o v e r  t h e  a n t e n n a

  a r r a y ,  l i k e  s a v e S o l _ d W d B ( ) :  W e  d o  i n i t i a t i o n  o f  t h e  a t m  m o d e l  f o r  a l l  s p w s

  j u s t  o n c e .

  " " "

  
  #  C o l l e c t  t h e  s u b - m o d e l s  f o r  r e s o l v e d  s p w s  a s  a  m a p .

  atmModelRes={}
  
  #  W e  d o  i t  j u s t  f o r  t h e  r e s o l v e d  S P W s

  f o r rspw i n [5,7,9,11]:
    atmModelRes[rspw]=wopacity(vis,rspw,tgtScan)

  #--  Now we map any SPW to the res-spw atm model .

    
  #  Use  the  * reso l ved*  swps  co r respond ing  to  ou r  i n teg ra ted  ACs  and  SQLDs .

  spwRes={0:5,1:7,2:9,3:11,5:5,6:5,7:7,8:7,9:9,10:9,11:11,12:11}
  
  #  C o l l e c t  t h e  s u b - m o d e l s  f o r  r e q u e s t e d  s p w s  a s  a  m a p .

  atmModel={}

  f o r spw i n spwList:
    atmModel[spw]=atmModelRes[spwRes[spw]]

  return atmModel

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def getPWVforAnt(vis,tgtScan,antID,myMsmd=None):
  " " "

  I n  w o p a c i t y ( )  w e  s e t  a v e r a g e d  P W V  o v e r  e n t i r e  a r r a y  a n d  e n t i r e  E B  d u r a t i o n .

  F o r  e s t i m a t i o n  o f  T _ a t m  ( w h i c h  d e p e n d s  o n  a t m o s p h e r i c  t r a n s m i s s i v i t y )  t h i s

  i s  p r o b a b l y  O K .

  O n  t h e  o t h e r  h a n d ,  i n  d W d B ( )  w e  h a v e  t h e  m a t r i x  c o e f f i c e n t s  f o r  ( a p p a r e n t )

  s o u r c e  b r i g h t n e s s  v a r i a t i o n s  ( d B )  d e p e n d i n g  o n  t h e  t r a n s m i s s i v i t y ,  t o o ,  n o w

  c a l c u l a t e d  p e r - a n t e n n a .  T o  t h a t  e n d ,  w e  e x t r a c t  t h e  P W V  v a l u e s  r i g h t

  b e f o r e  a n d  r i g h t  a f t e r  t h e  * t g t S c a n *  f o r  s p e c i f i c  a n t e n n a  * a n t I D * .  W e

  use the MS/ASDM_CALWVR tab le  to  get  the PWV per  t ime and antenna.  We f ind two

  P W V  v a l u e s  t h a t  m o s t  c l o s e l y  ( i n  t i m e )  e m b r a c e  t h e  * t g t S c a n *  a n d  r e t u r n  t h e i r

  a v e r a g e  -  v a l u e  i n t e r p o l a t e d  i n  t i m e  t o  t h e  t i m e - c e n t e r  o f  t h e  * t g t S c a n * .

  M o r e o v e r ,  a s  a  s e c o n d  v a l u e  i n  t h e  t u p p l e ,  w e  r e t u r n  t h e  l i n e a r  s l o p e  o f

  t he  PWV change  du r i ng  t he  * t g tScan*

  See  a l so  aU. readPWVFromMS()  and  re la ted  func t ions  fo r  exp lana t ion ,  how we

  e x t r a c t  t h e  P W V  d a t a .

  " " "

  #- -  Exp lo re  the  MS metada ta

  ownMsmd=False
  
  i f (not myMsmd):
    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True
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  #  Scan  t im ing

  scanInfo=aU.computeDurationOfScan(tgtScan,mymsmd=myMsmd,
                                    returnSubscanTimes=True)

  #  An tenna  ID  to  name convers ion .

  antNames=myMsmd.antennanames()
  antName=antNames[antID]
  
  i f (ownMsmd): myMsmd.done()

  
  #- -  Query  the  WV da ta

  
  # Open the MS/ASDM_CALWVR table

  wvTab = tbtool()
  wvTab.open(vis+"/ASDM_CALWVR")

  #  S e l e c t  j u s t  t h e  d a t a  f o r  a n t I D ,  t h e  r e s u l t  i s  a  s u b - t a b l e .   

  wvAntTab=wvTab.query(query="antennaName==\'"+antName+"\'",
                       sortlist="startValidTime",
                       columns="startValidTime,water")

  #  E x t r a c t  t i m e  a n d  p w v  f o r  t h e  a n t e n n a .

  pwvTimes = wvAntTab.getcol('startValidTime')
  pwv = wvAntTab.getcol('water')

  #  C lose  bo th  t he  pe r -an tenna  sub tab le  and  t he  ma in  WV tab l e .

  wvAntTab.close()
  wvTab.done()

  # - -  F i n d  t h e  t i m e - r a n g e  f o r  t h e  t g t S c a n

  
  #  N u m .  o f  s u b s c a n s  i n  t h e  t g t S c a n .

  nSubScans=scanInfo[1]

  #  F i r s t  a n d  l a s t  s u b s c a n :  T h e  r e s u l t  i s  a  m a p  s t a r t i n g  f r o m  1 ,  n o t  a n  a r r a y .

  ssTimesFirst=scanInfo[2][1]
  ssTimesLast=scanInfo[2][nSubScans]

  #  The  sub -scan  t imes  a re  2 -e lemen t  a r rays  -  subscans  beg inn ing  and  end .

  #  T h e  f u l l - s c a n  b e g i n n i n g  i s  t h e  b e g i n n i n g  o f  t h e  f i r s t  s u b - s c a n .

  tBeg=ssTimesFirst[0]
  #  T h e  f u l l - s c a n  e n d  i s  t h e  e n d  o f  t h e  l a s t  s u b - s c a n .

  tEnd=ssTimesLast[1]

  # - -  I n t e r p o l a t e  P W V  t o  t h e  t g t S c a n  r a n g e .  F i n d  s c a n - c e n t e r  a v e r a g e  a n d  s l o p e .

  #  I n t e r p o l a t e d  P W V  i n  m i l i m m e t e r s  ( o r i g i n a l  v a l u e  i s  i n  m e t e r s ) .

  pwvTgt=1000.0* np.interp([tBeg,tEnd],pwvTimes,pwv)

  # Scan-center average PWV.

  pwvAvg=0.5* (pwvTgt[0]+pwvTgt[1])
  
  #  P W V  l i n e a r  t i m e - t r e n d  /  s l o p e .

  pwvSlope=(pwvTgt[1]- pwvTgt[0])/ (tEnd- tBeg)

  # - -  R e t u r n  t h e  a v e r a g e ,  t i m e - s l o p e ,  a n d  t h e  f u l l - P W V  a r r a y  a s  a  m a p .

  return {'pwvAvg':pwvAvg,'pwvSlope':pwvSlope,'allPWVs':(pwvTimes,pwv)}
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# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def getMeteo(vis):
  " " "

  G e t  t i m e  s e r i e s  o f  t h e  b a s i c  m e t e o  c h a r a c t e r i s t i c s .  T h e y  a r e  n o t  p e r  a n t e n n a  

  a s  t h e r e  i s  j u s t  a  s i n g l e  m e t e o  s t a t i o n  f o r  e n t i r e  a r r a y .  S t i l l  w e  h a v e  m u c h

  bet ter  t ime coverage than the ASDM_CALATMOPHERE tab le .  The la t ter  has,

  s e e m i n g l y ,  p r - a n t e n n a  v a l u e s  b u t  i n  f a c t  t h e y  a r e  t h e  s a m e  f o r  a l l  a n t e n n a s

  a n d  d i f f e r  o n l y  f o r  d i f f e r e n t  t i m e s .  T h e r e  a r e  m u c h  l e s s  t i m e  s a m p l e s  i n

  ASDM_CALATMOSPHERE than in WEATHER table.

  W e  r e t u r n  t h e  m e t e o  c h a r a c t e r i s t i c s  a s  a  t i m e  s e r i e s  i n  a  m a p .

  " " "

  #- -  Ex t rac t  the  METEO da ta

  
  # Open the MS/ASDM_CALWVR table

  meteoTab = tbtool()
  meteoTab.open(vis+"/WEATHER")

  #  E x t r a c t  t i m e  a n d  m e t e o  q u a n t i t i e s

  time=meteoTab.getcol('TIME')

  #  A s  d e s c r i b e d  i n  a U . g e t W e a t h e r ( ) ,  t h e  t i m e s  m a y  n o t  b e  s o r t e d  i n  i n c r e a s i n g

  #  o r d e r  a n d  w e  d o  n o t  u s e  t b . q u e r y ( )  h e r e ,  w h i c h  n o r m a l l y  a s s u r e s  o r d e r r i n g .

  #  W e  h a v e  t o  d o  s o r t i n g  b y  i n c r e a s i n g  t i m e  m a n u a l l y .

  #  F i n d  t h e  p e r m u t e d  i n d i c e s .

  pIndex = np.argsort(time)

  #  A p p l y  t h e  s a m e  p e r m u t a t i o n  t o  a l l  a r r a y s .

  time=time[pIndex]
  pressure=meteoTab.getcol('PRESSURE')[pIndex]
  humidity=meteoTab.getcol('REL_HUMIDITY')[pIndex]
  temperature=meteoTab.getcol('TEMPERATURE')[pIndex]

  #  C l o s e  t h e  t a b l e .

  meteoTab.done()

  #  R e t u r n  t h e  m e t e o  c h a r a c t e r i s t i c s  

  return {'time': time, 'pressure': pressure, 'humidity':humidity,
          'temperature':temperature}
  
# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def getMeteoForScan(vis,scan,myMsmd=None):
  " " "

  T h e  m e t e o  c h a r a c t e r i s t i c s  a s  e x t r a c t e d  b y  g e t M e t e o ( )  f o r m  t h e  M S  * v i s * ,  n o w

  ave raged  and  i n te rpo la ted  t o  t he  cen te r  o f  t he  * scan* .  The  msmd  too l  *myMmsmd*

  m a y  b e  c o n v e n i e n t l y  s u p p l i e d  i f  i t  i s  a l r e a d y  a t t a c h e d  t o  * v i s *  -  i t  i m p r o v e s

  p e r f o r m a n c e .

  B a s i c a l l y ,  i t  i s  i n t e n d e d  a s  a  m o r e  a c c u r a t e  r e p l a c e m e n t  f o r  a U . g e t W e a t h e r ( ) .

  W h a t  i s  t h e  d i f f e r e n c e  b e t w e e n  t h e  t w o ?  T h e  a U . g e t W e a t h e r ( )  f i n d s  t h e  m e t e o

  v a l u e s  ' b r a c k e t t e d '  b y  t h e  b e g i n n i n g  a n d  e n d  o f  t h e  s c a n  a n d  m a k e s  t h e i r

  a v e r a g e .  T h s i  a p p r o a c h  f o r g e t s  e v e n  t h e  r e c e n t  h i s t o r y  -  i f  t h e r e  i s  a  m e t e o
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  m e a s u r e m e n t  p o i n t  j u s t  a  s e c o n d  b e f o r e  t h e  s c a n  b e g i n s ,  i t s  v a l u e  i s

  n e g l e c t e d .  T h e  s a m e  h o l d s  o n  t h e  ' f u t u r e '  e n d .  I n  c o n t r a s t ,  g e t M e t e o F o r S c a n ( )

  s a m p l e s  t h e  s c a n  b y  1 0 0  t i m e  s a m p l e s ,  f o r  e a c h  o f  t h e m  m a k e s  l i n e a r

  i n t e r p o l a t i o n  o f  t h e  m e t e o  v a l u e s  a n d  e v e n t u a l l y ,  t h i s  a r r a y  i s  a v e r a g e d .

  Th i s  app roach  t akes  i n to  accoun t  t he  p re -  and  pos t - scan  me teo  measu remen ts ,

  t o o ,  w i t h  t h e i r  w e i g h t s  n a t u r a l l y  s e t  b y  t h e  t i m e  d i s t a n c e  o f  t h e  m e t e o

  r e c o r d  f r o m  t h e  a c t u l a  t i m e - s a m p l e  o f  t h e  s c a n .

  F o r  t h e  s o l a r  s c a n s  t h e  t i n y  d i f f e r e n c e s  a r e  n o t  s o  i m p o r t a n t ,  t h e  s i g n a l  i s

  d o m i n a t e d  b y  t h e  b r i g h t n e s s  t e m p a r a t u r e  o f  t h e  S u n ,  t h e  T _ a t m  c o r r e c t i o n  i s

  n e g l i g i b l e .  O n  t h e  o t h e r  h a n d ,  f o r  t h e  B P  s c a n s ,  t h e  ( T _ s k y - T _ a t m )  e x p r e s s i o n ,

  w h i c h  s t a n d s  i n  t h e  s e n s i t i v i t y  f a c t o r  f o r  d P W V ,  h a s  a  t y p i c a l  v a l u e  a b o u t  3 K ,

  s o  d i f f e r e n c e  i n  T _ a t m  o f  0 . 5 K  m a k e s  ~ 2 0 %  e r r o r !

  " " "

  # - -  F i n d  t h e  s c a n  t i m i n g .

  # -  M s m d  t o o l  f o r  s c a n - i n f o  e x t r a c t i o n .

  
  #  F l a g  i n d i c a t i n g ,  w h e t h e r  w e  h a d  t o  c r e a t e  o u r  o w n  m s m d  t o o l  f o r  s c a n  t i m i n g .

  ownMsmd=False
  
  i f (myMsmd==None):
    #  N o  m s m d  t o o l  s u p p l i e d ,  c r e a t e  a  n e w  o n e  a n d  a t t a c h  i t  t o  o u r  M S .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    #  S e t  t h e  f l a g

    ownMsmd=True
    print('msmdtool attached to ',vis)
  
  scanInfo=aU.computeDurationOfScan(scan,mymsmd=myMsmd,
                                    returnSubscanTimes=True)

  #  C l o s e  o n l y  o u r  o w n  l o c a l  m s m d  t o o l ,  i f  w e  h a v e  u s e d  t h e  ' g l o b a l '  o n e ,

  #  l e a v e  i t  a s  i s .

  i f (ownMsmd): myMsmd.done()

  # -  A n a l y s e  t h e  s c a n - i n f o  r e s u l t s .

  
  #  N u m .  o f  s u b s c a n s  i n  t h e  t g t S c a n .

  nSubScans=scanInfo[1]

  #  F i r s t  a n d  l a s t  s u b s c a n :  T h e  r e s u l t  i s  a  m a p  s t a r t i n g  f r o m  1 ,  n o t  a n  a r r a y .

  ssTimesFirst=scanInfo[2][1]
  ssTimesLast=scanInfo[2][nSubScans]

  #  The  sub -scan  t imes  a re  2 -e lemen t  a r rays  -  subscans  beg inn ing  and  end .

  #  T h e  f u l l - s c a n  b e g i n n i n g  i s  t h e  b e g i n n i n g  o f  t h e  f i r s t  s u b - s c a n .

  tBeg=ssTimesFirst[0]
  #  T h e  f u l l - s c a n  e n d  i s  t h e  e n d  o f  t h e  l a s t  s u b - s c a n .

  tEnd=ssTimesLast[1]

  #  C r e a t e  s c a n  t i m e - s a m p l i n g  a x i s  ( 1 0 0  s a m p l e s  p e r  s c a n ) .

  scanTimes=tBeg+0.01* (tEnd- tBeg)* np.arange(101.0)

  # - -  G e t  m e t e o  t i m e  s e r i e s .
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  meteo=getMeteo(vis)

  meteoTimes=meteo['time']
  pressure=meteo['pressure']
  humidity=meteo['humidity']
  temperature=meteo['temperature']

  # - -  I n t e r p o l a t e  t h e  m e t e o  c h a r a c t e r i s t i c s  t o  t h e  s c a n  t i m e  a x i s .

  
  sPressure=np.interp(scanTimes,meteoTimes,pressure)
  sHumidity=np.interp(scanTimes,meteoTimes,humidity)
  sTemperature=np.interp(scanTimes,meteoTimes,temperature)

  # - -  Re tu rn  t he  scan  mean  va lues .

  
  return {'pressure':sPressure.mean(),
          'humidity':sHumidity.mean(),
          'temperature':sTemperature.mean()}
  
# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def wv2path(vis,spw,scan,pwv):
  " " "

  W e  u s e  t h e  f a c t o r  - 2 5 . 0  f o r  c o n v e r s i o n  b e t w e e n  d W  a n d  d P h i ,  a s  i t  i m p l i e s

  f r o m  t h e  R i c h a r d  H i l l ' s  o r i g i n a l  d r a f t .  ( R H  u s e s  e f f e c t i v e  r e f r a c t i v e  i n d e x

  r _ e f f = 6 . 7 ,  i n d e p e n d e n t  o n  f r e q u e n c y .  W h e n  t h e  o p t i c a l  p a t h  i s  r e c a l c u l a t e d

  t o  p h a s e  d e l a y  f o r  a v e r a g e  l a m b d a  ~ 1 . 5  m m ,  w e  a r r i v e  t o  f a c t o r  - 2 5 . 0 ) .

  T h i s  r o u t i n e  v e r i f i e s ,  w h e t h e r  t h i s  a s s u m p t i o n  i s  c o r r e c t  a n d  w h a t  a r e  i t s

  l i m i t a t i o n s .  W e  u s e  A T M  m o d e l a  a n d  i t s  g e t * * * P a t h ( )  r o u t i n e s .

  R e s u l t :  I n d e e d ,  t h e  n o n - d i s p e r s i v e  p a r t  i s  c o n s t a n t  o v e r  S P W  5  a n d  i t s  v a l u e

  i s  ~ 6 . 7 e - 3  m ( ! )  p e r  1  m m  o f  P W V .  T h e  d i s p r e s i v e  p a r t  i s  v e r y  s l i g h t l y

  chang ing  a round  i t s  ave rage  va lue  o f  1 .0e -4  m  pe r  1  mm PWV and  thus ,

  r e p r e s e n t s  a  s m a l l  c o r r e c t i o n .  B o t h  p a t h s  d e p e n d  l i n e a r l y  o n  p w v ,  s o

  t h e i r  e f f e c t i v e  ( p e r  1  m m  P W V )  v a l u e  d o e s  n o t  d e p e n d  o n  t h e  * p w v *  p a r a m e t e r .

  O n  t h e  o t h e r  h a n d ,  t h e y  s l i g h t l y  d e p e n d  o n  t h e  a i r m a s s  ( i . e .  o n  t h e  * s c a n *

  p a r a m e t e r ) .  W i t h  r i s i n g  S P W  t h e  t o t a l  ( d i s p . +  n o n - d i s p e r s i v e )  p a t h  p e r  1 m m

  r i s e s  ( u p  t o  ~ 6 . 9 e - 3  m  p e r  1  m m  P W V ) .  S o ,  f o r  a p p r o x i m a t e  c a l c u l a t i o n s  i t  i s

  f i n e  t o  u s e  t h e  f a c t o r  o f  a p p r o x  - 2 5  ( a c t u a l l y  - 2 7 ) .  H o w e v e r ,  f o r  r e a l

  a p p l i c a t i o n ,  w h e r e  w e  u s e  c o r r e c t  c e n t r a l  f r e q u e n c i e s  f o r  e a c h  S P W ,  i t  i s

  b e t t e r  t o  c a l c u l a t e  t h e  p h a s e - d e l a y s  d i r e c t l y  f r o m  t h e  A T M  m o d e l .

  " " "

  # - -  O p e n  a n d  s e t  t h e  a t m  t o o l .

  myAtm=attool()
  setAtmTool(myAtm,vis,spw,scan)

  #  Se t  t he  PWV fo r  t he  mode l .

  myAtm.setUserWH2O(qa.quantity(pwv,'mm'))

  # - -  C a l c u l a t e  t h e  p a t h s  p e r  c h a n n e l  r e l a t i v e  t o  1 m m  o f  P W V .

  nChans=myAtm.getNumChan(0)

  #  A l l o c a t e  t h e  a r r a y s  f o r  d i s p e r s i v e  a n d  n o n - d i s p e r s i v e  p a t h s .

  pDisp=np.zeros(nChans)
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  pNonDisp=np.zeros(nChans)

  
  f o r ch i n range(nChans):

    pDisp[ch]=myAtm.getDispersivePathLength(nc=ch)['value'][0]/ pwv
    pNonDisp[ch]=myAtm.getNonDispersivePathLength(nc=ch)['value'][0]/ pwv

  #  C l o s e  t h e  A T M  t o o l .

  myAtm.done()

  #  R e t u r n  d i p e r s i v e  a n d  n o n - d i s p e r s i v e  p a t h s  i n  m m  a s  a  t u p p l e .

  return 1000.0* pDisp,1000.0* pNonDisp

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

#                   5 .  C a l c u l a t e  t h e  p r o x i e s  o f  d i f f e r e n t i a l  P W V

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dPWV(vis,atmScan,tgtScan,antID,spwAvg=6,spwRes=5):
  " " "

  C a l c u l a t e  d P W V  -  o u r  p r o x y  t o  d i f f e r e n t i a l  P W V  ( w a t e r - v a p o u r  c o l u m n )  b a s e d  o n  

  t h e  v a r i a t i o n s  o f  r e c e i v e d  p o w e r .  S e e  f o r m u l a e  ( 1 3 )  a n d  ( 1 4 )  i n  t h e  P r o g r e s s

  R e p o r t  n o .  1 1  ( M a r c h  2 7 ,  2 0 2 5 ) .  W e  m a y  u s e  b o t h  t h e  a u t o - c o r r e l a t i o n  ( A C )

  c h a n n e l - i n t e g r a t e d  S P W  ( i . e .  S P W  6  i n  s o l a r  c a s e )  o r ,  a l m o s t  e q u a l l y ,  t h e

  l o w e s t  S Q L D  s p w  ( S P W  0 )  f o r  t h a t  p u r p o s e .  W h a t  s p w  i s  a c t u a l l y  u s e d  i s

  c o n t r o l l e d  b y  * s p w A v g *  p a r a m e t e r .

  T h e  * t g t S c a n *  p a r a m e t e r  d e f i n e s ,  f o r  w h a t  o b j e c t  i s  d P W V  c a l c u l a t e d ,  t h e

  * a t m S c a n *  a r g u m e n t  i s  t h e  s c a n  u s e d  f o r  A C D  c a l i b r a t i o n  ( s e e  a c d _ c a l T a b s ( ) ;

  a t m S c a n  s h o u l d  p r e c e d e  t h e  t g t S c a n  a s  c l o s e  a s  p o s s i b l e ,  i d e a l l y  b y  o n e ) .

  A n t e n n a ,  f o r  w h i c h  d P W V  i s  c a l c u l a t e d ,  i s  r e p r e s e n t e d  b y  i t s  i n t e g e r  * a n t I D * .

  R e t u r n s :  A  t u p p l e  o f  t h r e e  1 - D  a r r a y s ,  e a c h  o f  t h e  s i z e  o f  n I n t e g s :  F i r s t

  r e p r e s e n t s  t h e  t i m e - a x i s  a s  M J D  ( m e r e l y  r e p r o d u c t i o n  o f  t h e  a x i s  r e t u r n e d  b y

  t g t _ p o w ( ) ) ,  t h e  o t h e r  t w o  a r e  v a l u e s  o f  d P W V  f o r  X X  a n d  Y Y  p o l a r i z a t i o n s ,

  r e s p e c t i v e l l y .

  " " "

  # - -  P o w e r  t e m p o r a l  v a r i a t i o n s .

  
  # Get  the  measured power ,  p receded by  t imes as  MJD.

  mjd_src,Psrc=tgt_pow(vis,tgtScan,antID,spwAvg)  

  #  1 s t  i n d e x  i s  p o l . ,  2 n d  m e a n s  c h a n n e l  n u m .  W e  h a v e  j u s t  a  s i n g l e  c h a n n e l .

  Pxx=Psrc[0][0]
  Pyy=Psrc[1][0]
  
  #  S u b t r a c t  t h e  t i m e - a v e r a g e d  v a l u e  o v e r  s c a n  t o  g e t  t h e  v a r i a t i o n s  o n l y .

  PxxM=Pxx.mean()
  PyyM=Pyy.mean()
  
  dPxx=Pxx- PxxM
  dPyy=Pyy- PyyM
  
  # - -  C a l c u l a t e  t h e  " s e n s i t i v i t y  f a c t o r  S "  

  
  # -  F i n d  G / G * ,  T r x ,  a n d  T i n s t
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  ctACD=acd_calTabs(vis,atmScan,antID,spwAvg)

  iG=ctACD['iG']
  iGstar=ctACD['iG*']
  T_inst=ctACD['T_inst']

  
  #  W h a t  i s  t h e  t a r g e t ?  S h o u l d  w e  u s e  t h e  s o l a r - a t t e n u a t i o n  g a i n  G *  o r

  #  t h e  ' s t a n d a r d '  G ?

  i f (iGstar[0][0][0] == 1.0):  #  G *  n o t  s e t  ( h a s  i t s  d e f a u l t  v a l u e )  - >  n o t  S u n

    
    print('Solving for CALIBRATOR scan.')
    
    #  G *  w a s  n o t  c a l c u l a t e d  = >  n o n - s o l a r  t a r g e t ,  u s e  ( i n v e r s e )  G .

    #  1 s t  i n d e x  i s  p o l . ,  2 n d  m e a n s  c h a n n e l  n u m .  W e  h a v e  j u s t  a  s i n g l e  c h a n n e l .

    iGx=iG[0][0]
    iGy=iG[1][0]
    
  else:
    
    print('Solving for SOLAR scan.')
    
    #  S o l a r  t a r g e t - s c a n :  U s e  ( i n v e r s e )  G * ,  m a k e  a n  a v e r a g e  f r o m  t h e  v a l u e s

    #  d e r i v e d  f o r  t h e  b e g i n n i n g  a n d  t h e  e n d  o f  t h e  s c a n .

    #  1 s t  i n d e x  i s  ' t i m e '  ( j u s t  b e g i n  a n d  e n d ) ,  2 n d  m e a n s  p o l .  a n d  3 r d  t h e

    #  c h a n n e l  n u m b e r .  W e  h a v e  j u s t  a  s i n g l e  c h a n n e l .

    iGx=0.5* (iGstar[0][0][0]+iGstar[1][0][0])
    iGy=0.5* (iGstar[0][1][0]+iGstar[1][1][0])
  

  Gx=1.0/ iGx
  Gy=1.0/ iGy
  
  #  T h e  ' i n s t r u m e n t a l '  t e m p e r a t u r e  ( T _ R X  +  c o n t r i b u t i o n  f r o m  t h e  S Q L D  o f f s e t ) .

  T_iXX=T_inst[0]
  T_iYY=T_inst[1]

  
  # -  F i n d  s p e c t r a l  s l o p e  ( l i n e a r )  f o r  t h e  s o u r c e  ( + a t m . )  b r i g h t n e s s  t e m p e r a t u r e .

  
  #  C a l c u l a t e  t h e  b r i g h t n e s s  t e m p e r a t u r e  a s  a  f u n c t i o n  o f  f r e q u e n c y  a n d  

  #  t i m e  u s i n g  A C D  c a l i b r a t i o n .

  mjd_tb,Txx,Tyy=tgt_Tb(vis,atmScan,tgtScan,antID,spwRes)
  
  #  W e  u s e  t i m e - a v e r a g e d  ( o v e r  a  s c a n )  v a l u e s  f o r  t h e  s l o p e  d e t e r m i n a t i o n .

  Txm=Txx.mean(axis=1)
  Tym=Tyy.mean(axis=1)

  #  T r i m  t h e  e d g e  c h a n n e l s ,  t h e s e  a r e  a l w a y s  p r o b l e m a t i c .

  nChans=len(Txm)

  TxM=Txm[7:nChans- 8]
  TyM=Tym[7:nChans- 8]
  
  #  F i n d  t h e  c o r r e s p o n d i n g  f r e q u e n c y  a x i s .  T r i m  t h e  e d g e s  a c c o r d i n g l y .  

  msmd.open(vis)
  freqs = myMsmd.chanfreqs(spwRes)* 1.0e-9 # in  GHz

  msmd.done()
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  fr=freqs[7:nChans- 8]
  #  F ind  the  en t i r e  SPW bandw id th  [GHz ] .

  BW=np.max(freqs)- np.min(freqs)
  
  #  U s e  l i n e a r  ( p o l y = 1 )  r e g r e s s i o n  t o  f i n d  t h e  s l o p e .

  dTxx_df=np.polyfit(fr,TxM,1)[0]
  dTyy_df=np.polyfit(fr,TyM,1)[0]
  
  # - -  F i n d  t h e  o p a c i t i e s  a n d  T _ a t m  u s i n g  t h e  A T M  m o d e l .

  
  atmParams=wopacity(vis,spwRes,tgtScan)
  
  #  1 / s i n ( h )  f o r  t h e  t a r g e t .

  airMass=atmParams['airmass']
  
  #  E f f e c t i v e  g a s  t e m p e r a t u r e  o f  t h e  a t m o s p h e r e .

  T_atm=atmParams['T_atm'].mean()
  
  #  Z e n i t h  w e t  o p a c i t y  f o r  P W V = 1 . 0 .

  tau_1z=atmParams['tau_1']
  
  #  The  same  quan t i t y  sca led  by  a i rmass .

  tau_1=airMass* tau_1z
  
  # -  E x t r a c t  i t s  m e a n  v a l u e  a n d  t h e  r a n g e s  f o r  h i g h -  a n d  l o w - f r e q u e n c y  e n d s .

  
  tau_1M=tau_1.mean()
  
  # H ighes t - fequency  channe l

  hiChan=tau_1.size- 1
  
  # Opac i ty  span over  the  SPW.

  tau_1Hi=tau_1[hiChan]
  tau_1Lo=tau_1[0]
  
  # - -  N o w  w e  c a n  c a l c u l a t e  t h e  S - f a c t o r s  f o r  e a c h  p o l a r i z a t i o n  e x t r a .

  SFxx= -Gx* tau_1M* (iGx* PxxM- T_iXX- T_atm)- Gx* BW/ 12.0* (tau_1Hi- tau_1Lo)* dTxx_df
  SFyy= -Gy* tau_1M* (iGy* PyyM- T_iYY- T_atm)- Gy* BW/ 12.0* (tau_1Hi- tau_1Lo)* dTyy_df
  
  #  D i a g n o s t i c  p r i n t s :  F i n d  o u t ,  h o w  m u c h  e a c h  t e r m  c o n t r i b u t e s .

  print('Psrc/G = Tsrc = ',iGx* PxxM,iGy* PyyM)
  print('Tinst = ',T_iXX,T_iYY)
  print('Tatm = ',T_atm)
  print('dTsky/df = ',dTxx_df,dTyy_df)
  print('SF_corr = ',Gx* BW/ 12.0* (tau_1Hi- tau_1Lo)* dTxx_df,
        Gy* BW/ 12.0* (tau_1Hi- tau_1Lo)* dTyy_df)
  
  print('SF = ',SFxx,SFyy)

  
  # - -  E v e n t u a l l y ,  g e t  t h e  d i f e r e n t i a l  m o d e l l e d  P W V s .

  
  dPWVxx=dPxx/ SFxx
  dPWVyy=dPyy/ SFyy
  
  #  R e t u r n  t h e m  a s  a  t u p p l e .
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  return (mjd_src,dPWVxx,dPWVyy)

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dPWV_spwPart(vis,atmScan,tgtScan,antID,spwRes=5,startChan=8,stopChan=120):
  " " "

  F i n d  d P W V  -  o u r  p r o x y  t o  t h e  W V  c o n t e n t s  b u t  n o w  b y  u s i n g  j u s t  a  p a r t

  o f  the  SPW.  Un l i ke  in  dPWV()  we now use  the  channe l - reso lved  SPW *spwRes* ,

  b y  d e f a u l t  t h a t  o n e  c l o s e s t  t o  t h e  W V  l i n e  c e n t e r  ( i . e .  S P W  5 ) .

  B e c a u s e  t h e  s i n g l e - c h a n n e l  d a t a  a r e  t o o  n o i s y  ( t h a t  i s  t h e  r e a s o n  w h y

  s p w - i n t e g r a t e d  A C s  o r  S Q L D s  a r e  b e i n g  u s e d ) ,  w e  d o  i n t e g r a t i o n  o v e r  m u l t i p l e

  c h a n n e l s ,  b u t  n o t  e n t i r e l y  o v e r  f u l l  S P W .  T h e  f r e q u e n c y  r a n g e  f o r  i n t e g r a t i o n

  i s  d e f i n e d  b y  * s t a r t C h a n *  a n d  * s t o p C h a n *  p a r a m e t e r s ,  w h i c h  d e f a u l t  t o  t h e

  f i r s t  a n d  l a s t  ' u s a b l e '  c h a n n e l  ( t h e  f i r t s  a n d  l a s t  8  c h a n n e l s  a r e  t y p i c a l l y

  f l a g g e d  i n  a n y  a n a l y s i s ) .  N o t e :  F o r  S P W s  w i t h  r e v e r s e d  o r d e r  t h e  s t a r t / s t o p

  c h a n  i s  a l s o  s w a p p e d   s o  t h a t  t h e  s t a r t C h a n  a l w a y s  m e a n s  t h e  l o w - f r e q u e n c y

  b o u n d a r y .

  I d e a :  W e  m a y  a v o i d  O 3  l i n e s  o r  u s e  j u s t  t h a t  p a r t  o f  t h e  S P W  5  c l o s e r  t o  t h e

  W V  l i n e  c e n t e r  a n d  i n c r e a s e  s e n s i t i v i t y  t o  t h e  W V  c o n t e n t s .  S u g g e s t e d  o n  P M 1 2

  i n  M a y  2 0 2 5  ( s e e  P R 1 2  -  p o s t  m e e t i n g  A c t i o n  i t e m  6 ) ,  i m p l e m e n t e d  i n  l i n e

  w i t h  f o r m u l a  ( 1 )  i n  P R 1 3  ( A u g u s t  2 0 2 5 ) .

  " " "

  
  # - -  P o w e r  t e m p o r a l  v a r i a t i o n s .

  
  # Get  the  measured power ,  p receded by  t imes as  MJD.

  #  S h a p e  o f  t h e  p o w e r  P s r c  i s  n P o l s  x  n C h a n s  x  n I n t e g s

  time_src,Psrc=tgt_pow(vis,tgtScan,antID,spwRes)

  #  S e p a r a t e  p o l a r i z a t i o n s .

  Pxx=Psrc[0]
  Pyy=Psrc[1]

  #  F i n d  t h e  f r e q u e n c y  a n d  t i m e  d i m e n s i o n s .

  nChans=Pxx.shape[0]
  nIntegs=Pxx.shape[1]
  
  # -  S u b t r a c t  < P > ,  t h e  t i m e - a v e r a g e d  v a l u e  o v e r  s c a n  t o  g e t  t h e  v a r i a t i o n s  o n l y .

  #  C a l c u l a t e  < P > .  r e s u l t  i s  a  v e c t o r  o f  s i z e  n C h a n s .

  PxxM=Pxx.mean(axis=1,dtype=np.float64)
  PyyM=Pyy.mean(axis=1,dtype=np.float64)

  #  W e  n e e d  t h e  < P >  v e c t o r  ( i n  f r e q u e n c y )  t o  b e  a  m a t r i x  ( c o n s t  i n  t i m e ) .

  #  D e f i n e  t h e  t i m e - d i m e n s i o n  c o n s t  ( u n i t )  v e c t o r .

  tdUnitVec=np.ones(nIntegs)
  #  P e r f o r m  t h e  o u t e r  ( t e n s o r )  p r o d u c t .

  PxxMM=np.tensordot(PxxM,tdUnitVec,0)
  PyyMM=np.tensordot(PyyM,tdUnitVec,0)

  #  N o w  w e  c a n  s u b t r a c t  -  t h e  r e s u l t  i s  a  m a t r i x  w i t h  s h a p e  n C h a n s  x  n I n t e g s

  dPxx=Pxx- PxxMM
  dPyy=Pyy- PyyMM
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  # -  F i n d  G / G * ,  T r x ,  a n d  T i n s t

  ctACD=acd_calTabs(vis,atmScan,antID,spwRes)

  #  i G  a n d  T _ r x  a r e  o f  s h a p e  n P o l s  x  n C h a n s ,  i G s t a r  ( s o l a r )  n P o l s  x  n C h a n s  x  2 ,

  #  t h e  l a s t  d i m e n s i o n  o f  s i z e  2  r e p r e s e n t i n g  2  t i m e  i n s t a n t s  a t  w h i c h  t h e

  #  g a i n  i s  m e a s u r e d  ( t h e  1 s t  a n d  l a s t  s u b - s c a n s  o f  t h e  s o l a r  s c a n ) .

  iG=ctACD['iG']
  iGstar=ctACD['iG*']
  T_rx=ctACD['T_rx']
  
  #  W h a t  i s  t h e  t a r g e t ?  S h o u l d  w e  u s e  t h e  s o l a r - a t t e n u a t i o n  g a i n  G *  o r

  #  t h e  ' s t a n d a r d '  G ?

  i f (iGstar[0][0][0] == 1.0):  #  G *  n o t  s e t  ( h a s  i t s  d e f a u l t  v a l u e )  - >  n o t  S u n

    
    print('Solving for CALIBRATOR scan.')
    
    #  G *  w a s  n o t  c a l c u l a t e d  = >  n o n - s o l a r  t a r g e t ,  u s e  ( i n v e r s e )  G .

    
    iGx=iG[0]
    iGy=iG[1]
    
  else:
    
    print('Solving for SOLAR scan.')
    
    #  S o l a r  t a r g e t - s c a n :  U s e  ( i n v e r s e )  G * ,  m a k e  a n  a v e r a g e  f r o m  t h e  v a l u e s

    #  d e r i v e d  f o r  t h e  b e g i n n i n g  a n d  t h e  e n d  o f  t h e  s c a n .

    iGx=0.5* (iGstar[0][0]+iGstar[1][0])
    iGy=0.5* (iGstar[0][1]+iGstar[1][1])
  
  #  T h e  ' i n s t r u m e n t a l '  t e m p e r a t u r e  -  j u s t  T _ R X  i n  c a s e  o f  t h e  A C  S P W .

  T_iXX=T_rx[0]
  T_iYY=T_rx[1]
  
  # - -  F i n d  t h e  o p a c i t i e s  a n d  T _ a t m  u s i n g  t h e  A T M  m o d e l .

  
  atmParams=wopacity(vis,spwRes,tgtScan)
  
  #  1 / s i n ( h )  f o r  t h e  t a r g e t .

  airMass=atmParams['airmass']
  
  #  E f f e c t i v e  g a s  t e m p e r a t u r e  o f  t h e  a t m o s p h e r e .

  #  W e  u s e  t h e  s c a l a r  v a l u e  r e p r e s e n t i n g  t h e  a l m o s t  c o n s t a n t  a r r a y  -  s e e

  #  t h e  c o m m e n t  i n  w o p a c i t y ( ) .  K e e p  i t  c o n s t a n t  b u t  s t i l l  a  v e c t o r  i n  f r e q u e n c y .

  T_atm=atmParams['T_atm'].mean()* np.ones(nChans)
  
  #  Z e n i t h  w e t  o p a c i t y  f o r  P W V = 1 . 0 .

  tau_1z=atmParams['tau_1']
  
  #  The  same  quan t i t y  sca led  by  a i rmass .

  tau_1=airMass* tau_1z

  # - -  W e  a r e  g o i n g  t o  i n t e g r a t e  ( s u m )  o v e r  t h e  d e f i n e d  f r e q u e n c y  r a n g e .

  #   Some SPWs have,  however ,  reversed f requency  ax is .  For  P ,  T_RX and G/G*

  #    t h i s  i s  n o t  a n  i s s u e  ( w e  a r e  j u s t  s u m m i n g  b a c k w a r d s ) .  N e v e r t h e l e s s ,

  #    t a u _ 1  h a s  b e e n  c a l c u l a t e d  b y  a t m  m o d e l  i n  w o p a c i t y ( )  w i t h  t h e  f r e q u e n c y

  #    a x i s  a l w a y s  i n  i n c r e a s i n g  o r d e r .  H e n c e ,  i n  r e v e r s e d  S P W s  w e  r e v e r s e  t a u _ 1 ,
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  #    t o o ,  i n  o r d e r  t o  m a k e  a l l  v a l u e s  h a v i n g  t h e  s a m e  p e r - c h a n n e l  o r d e r .

  #    Moreove r ,  we  swap  the  a rgs  s ta r tChan /s topChan  i n  reve rsed  SPWs,  so  t ha t

  #    t h e y  k e e p  t h e i r  i n t u i t i v e  m e a n i n g  ( c o r r e s p o n d i n g  t o  i n c r e a s i n g  f r e q u e n c y ) .

  #  Check  t he  SPW de f i n i t i on .

  myMsmd=msmdtool()
  myMsmd.open(vis)  
  freqs = myMsmd.chanfreqs(spwRes)
  myMsmd.done()

  lastChan=len(freqs)- 1

  i f (freqs[1] < freqs[0]):
    # Reversed-order SPW

    print("Reversed SPW, swapping start/stop channels.")
    startChan,stopChan = lastChan- stopChan,lastChan- startChan

    tau_1=np.flip(tau_1)

  # - -  I n  s p e c t r a l y - r e s o l v e d  S P W s  t h e  g a i n / T r x  m a y  l i v e  i n  a  d i f f e r e n t  f r e g u e n c y

  #    d o m a i n  t h a n  t h e  d a t a  -  s e e  a c d _ c a l T a b s ( ) .  W e  h a v e  t o  i n t r e p o l a t e  f i r s t .

  #    N o t e :  t a u _ 1  h a s  t h e  s a m e  f r e q .  d o m a i n  a s  s c i e n c e  d a t a  a s  s e t  i n  w o p a c i t y ( )

  #    j u s t  i t  m a y  b e  i n  r e v e r s e d  o r d e r  ( s o l v e d  a b o v e  b y  f l i p p i n g ) .

  
  #  R e v e a l  t h e  f r e q u e n c y  d o m a i n  f o r  g a i n s .

  gainFreqs=ctACD['freqs']
  
  #  J u s t  a  v e r y  b a s i c  f r e q u e n c y - d o m a i n  c o m p a t i b i l i t y  c h e c k .  @ t o d o  I f  i t  d o e s  n o t

  #  w o r k ,  c h e c k  y e t  f [ 0 ]  a n d  d f .

  i f (len(freqs) ! = len(gainFreqs)):
    
    print('Interpolating gain/T_rx from ',len(gainFreqs),' to ',len(freqs),
          ' frequency channels.')
    
    #  G a i n  a n d  t a r g e t  s p w  d e f i n i t i o n s  d i f f e r :  D o  i n t e r p o l a t e .

    iGx=np.interp(freqs,gainFreqs,iGx)
    iGy=np.interp(freqs,gainFreqs,iGy)
    
    Trx=np.interp(freqs,gainFreqs,Trx)
    Try=np.interp(freqs,gainFreqs,Try)

    
  # - -  A p p l y  t h e  i n t e g r a t i o n  l i m i t s  t o  a l l  r e l e v a n t  a r r a y s .

  freqs=freqs[startChan:stopChan]
  
  iGx=iGx[startChan:stopChan]
  iGy=iGy[startChan:stopChan]

  Ti_XX=T_iXX[startChan:stopChan]
  Ti_YY=T_iYY[startChan:stopChan]
  

  dPxx=dPxx[startChan:stopChan]
  dPyy=dPyy[startChan:stopChan]
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  PxxM=PxxM[startChan:stopChan]
  PyyM=PyyM[startChan:stopChan]

  tau_1=tau_1[startChan:stopChan]
  T_atm=T_atm[startChan:stopChan]

  
  # - -  C a l c u l a t e  t h e  d P W V  b y  f o r m u l a  ( 1 )  i n  P R 1 3  ( A u g u s t  2 0 2 5 ) .

  #  A g a i n ,  w e  n e e d  t h e  i G  ( i n v .  g a i n )  v e c t o r  ( i n  f r e q . )  a s  a  m a t r i x  -  s e e  a b o v e .

  iGxM=np.tensordot(iGx,tdUnitVec,0)
  iGyM=np.tensordot(iGy,tdUnitVec,0)
  
  #  F r e q u e n c y - i n t e g r a t e d  s k y - t e m p e r a t u r e  ( n o t  p o w e r  l i k e  i n  d P W V ( ) )  v a r i a t i o n s .

  dTxx=np.sum(iGxM* dPxx,axis=0)
  dTyy=np.sum(iGyM* dPyy,axis=0)
  
  #  T h e  s e n s i t i v i t y  f a c t o r s .  T h e y  d i f f e r  b y  G - f a c t o r  f r o m  t h o s e  i n  d P W V ( ) .  

  SF_XX= -np.sum((iGx* PxxM- Ti_XX- T_atm)* tau_1)
  SF_YY= -np.sum((iGy* PyyM- Ti_YY- T_atm)* tau_1)

  dPWVxx=dTxx/ SF_XX
  dPWVyy=dTyy/ SF_YY
  
  #  R e t u r n  t h e m  a s  a  t u p p l e ,  p r e c e d e d  b y  t i m e .

  
  return (time_src,dPWVxx,dPWVyy)

  
# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdB(vis,atmScan,tgtScan,atmModel,antID,spwList):
  " " "

  * * *  T h e  m a i n  r o u t i n e  f o r  c a l c u l a t i o n  o f  t h e  d W ( t )  f o r  s o l a r  s c a n s . * * *

  

  F o r  t h e  B P  c a l i b r a t o r  w e  m a y  u s e  d P W V ( )  o r  i t s  d P W V _ s p w P a r t ( )  v a r i a n t  a s  t h e r e

  i s  n o  f u r t h e r  s o u r c e  o f  s i g n a l  v a r i a t i o n s  e x c e p t  o f  t h e  a t m o p s h e r i c  c o l u m n

  mass  changes  man i fes ted  as  va r i a t i ons  i n  PWV.

  

  F o r  t h e  S u n ,  t h i s  i s ,  h o w e v e r ,  n o t  t r u e  -  i t  c a n  h a v e  i t s  o w n  b r i g h t n e s s

  c h a n g e s .  H e r e  w e  a t t e m p t  t o  d e c o m p o s e  t h e  s i g n a l  v a r i a t i o n s  u s i n g  a  c o l l e c t i o n

  o f  sc i ence  SPWs i n  * spwL i s t *  (may  be  AC  i n teg ra ted ,  AC  reso l ved ,  SQLD o r  any

  c o m b i n a t i o n ,  w h i c h  i n c o r p o r a t e s  a t  l e a s t  t w o  f r e q u e n c y  d o m a i n s )  i n t o :

  ( i )  d W  =  t o t a l  v a r i a t i o n s  o f  t h e  P W V  -  l i k e  i n  d P W V ,  a n d

  ( i i )  d B  =  v a r i a t i o n s  o f  t h e  ( a p p a r e n t )  s o u r c e  b r i g h t n e s s .

  T h e  l a t t e r  m a y  i n v o l v e  b o t h  i n t r i n s i c  c h a n g e s  o f  T b _ s r c  a n d  t h e  l e n s i n g

  e f f e c t s  o f  t h e  t u r b u l e n t  a t m o s p h e r e  ( a . k . a .  c a u s t i c s  i n  l o w - f r e q u e n c y  r a d i o )  -

  t h e s e  t w o  a r e  n o t  e a s i l l y  m u t u a l l y  d i s t i n g u i s h a b l e .

   

  I n  o r d e r  t o  d o  t h e  d i s e n t a g l i n g ,  w e  n e e d  t o  u s e  m u l t i p l e  S P W s .

  I n  t h e  s i n g l e - c h a n n e l  S P W s  w e  o m i t  t h e  c o r r e c t i o n  i m p l y i n g  f r o m  t h e  s l o p e  o f

  T s k y ( f )  a n d  t a u ( f ) ,  i t  h a s  b e e n  e x p e r i m e n t a l l y  f o u n d  t o  b e  l e s s  t h e n  5 %  f o r

  dPWV() .
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  T h e  * a t m M o d e l *  i s  a  s e t  o f  s t a t i c  ' t a b e l i s e d '  p r o f i l e s  ( f r e q u e n c y - d e p e n d e n t )

  f o r  o p a c i t i e s ,  T a t m ,  e t c . ,  a s  r e t u r n e d  b y  w o p a c i t y ( ) .  W e  h a v e  i t  a s  a n  a r r a y

  f o r  a l l  s c i e n c e  c h a n n e l - r e s o l v e d  S P W s  ( 5 , 7 , 9 ,  a n d  1 1 ) .  I t  i s  s u p p l i e d  a s  a n

  p a r a m e t e r  b e c a u s e  i t  i s  t h e  s a m e  f o r  a l l  a n t e n n a s :  W e  d o  n o t  w a n t  t o

  r e - c r e a a t e  i t  i n s i d e  t h i s  r o u t i n e  w h e n e v e r  i t  i s  c a l l e d  f o r  a n o t h e r  a n t e n n a ,

  a s  i t  i s  u s u a l l y  d o n e  i n  a  l o o p  o v e r  e n t i r e  a r r a y ,  e . g . ,  i n  s a v e S o l _ d W d B ( ) .

  W h e n  t h i s  r o u t i n e  i s  i n v o k e d  i n  a  l o o p  f o r  a l l  a r r a y ,  t h e  * a t m M o d e l *  c a n  b e

  c o n v e n i e n t l y  p r e - s e t  b y  c a l l  t o  s e t A t m o s S c i S P W s ( ) .

    

  The  ove rde te rm ined  sys tem (we  have  j us t  two  va r i ab l es  -  dW and  dB ,  and  up

  t o  1 2  e q u a t i o n s  f o r  1 2  S P W s )  i s  t h e n  s o l v e d  b y  t h e  l e a s t - s q u a r e  p r i n c i p l e ,

  l e a d i n g  t o  a  m i n i m i z e r  o f  a  q u a d r a t i c  f o r m  ( w h i c h  i s  a n o t h e r  l i n e a r  s y s t e m  o f

  e q s . ,  b u t  n o w  r e g u l a r  o n e :  2 x 2  m a t r i x  w i t h  a  n T i m e S a m p l e s - l o n g  c o l l e c t i o n  o f

  2 -component  RHS vec to rs ) .

  L e a s t - s q u a r e  r e s i d u a l s  a n d  o t h e r  a n a l y t i c s  a r e  p l o t t e d  i n  a  c o m p o u n d  2  x  3

  p a n e l s  g r a p h  a s  a  b y - p r o d u c t  o f  c a l c u l a t i o n s .  I n  t h e  ' . / d W d B / '  s u b d i r  w e  p l o t

  t h e  s o l u t i o n s  d W ( t )  a n d  d B ( t ) .

  

  C o m m e n t e d - o u t  i s  a  p e r s p e c t i v e  e x t e n s i o n ,  w h i c h  t r i e s  t o  d e c o m p o s e  t h e

  t o t a l  d W  v a r i a t i o n s  i n t o  t w o  p a r t s ,  c a u s e d  b y  ( 1 )  r e l a t i v e - h u m i d i t y  c h a n g e s ,

  a n d  ( 2 )  t o t a l  a i r - p r e e s s u r e  v a r i a t i o n s .  I t  h a s  b e e n  e x p e r i m e n t a l l y  f o u n d ,

  h o w e v e r ,  t h a t  t h e  s y s t e m  i s  t h e n  i l l - c o n d i t i o n e d  f o r  t h i s  d e c o m p o s i t i o n .  I t

  c a n  b e  i m p r o v e d  b y  c h a n g i n g  t h e  v e c t o r  b a s i s  a n d  d e c o m p o s i n g  i n t o  t o t a l  w e t

  a n d  t o t a l  d r y  v a r i a t i o n s .  H o w e v e r ,  e v e n  w i t h  t h i s  s e t u p ,  t h e  t o t a l  w e t

  c o n t r i b u t i o n  t o  t h e  s i g n a l  r e m a i n s  a l m o s t  u n c h a n g e d  ( s o  i t  i s  q u i t e  a  r o b u s t

  q u a n t i t y ) ,  t h e  t o t a l  d r y  c o m p o n e n t  e x h i b i t s  a  l a r g e  e r r o r  a n d  c a n n o t  b e  u s e d .

  @todo: In the ASDM_CALATMOPHERE table we have Tatm (a s ingle value) per

  S P W .  T r y  t o  c o m p a r e  i t s  v a l u e  w i t h  o u r  T a t m  a s  c a l c u l a t e d  b y  w o p a c i t y ( ) .

  " " "

  
  # - -  S t a t i c  p a r a m e t e r s

  
  #  R e f e r e n c e  f r e q u e n c y  f o r  t h e  s o u r c e  s p e c t r u m  -  t h e  L O  f r e q u e n c y  ( i n  H z )

  f_LO=1.98e11

  #  S p e c t r a l  i n d e x  f o r  t h e  s o u r c e .  S p i x = 2 . 0  c o r r e s p o n d s  t o  R - J  l a w .

  #  Sp i x=0 . 0  r ep resen t s  ' g ray '  enhancemen ts  due  t o  a tmosphe r i c - bubb le  l ens i ng .

  spix=2.0
  
  #  I n t e g r a t i o n  l i m i t s  f o r  S P W s .  T o  b e  d o n e  m o r e  s e l e c t i v e ,  e . g . ,  t o  e x c l u d e

  #  s t r a t o s p h e r i c  l i n e s  l i k e  O 3 .

  
  startChan=7
  stopChan=120

  # - -  A v e r a g e  P W V  o v e r  a  s c a n  p e r  a n t e n n a :  R e q u i r e d  f o r  t a u  c a l c u l a t i o n s .

 
  pwvMean=getPWVforAnt(vis,tgtScan,antID)['pwvAvg']
  
  
  # - -  M a t r i c e s  ( s o  f a r  e m p t y  p l a c e h o l d e r s )  f o r  s e t s  o f  l i n e a r  e q u a t i o n s .

  Axx=np.array([])
  Ayy=np.array([])
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  # - -  R H S  v e c t o r s  ( s o  f a r  e m p t y  p l a c e h o l d e r s )  f o r  s e t s  o f  l i n e a r  e q u a t i o n s .

  Cxx=np.array([])
  Cyy=np.array([])

  #- -  Loop  over  the  SPWs.

  spwIndex=0
  
  f o r mySPW i n spwList:

    # - -  Raw  powers :  Tempo ra l  va r i a t i ons .

  
    # Get  the  measured power ,  p receded by  t imes as  MJD.

    mjd_src,Psrc=tgt_pow(vis,tgtScan,antID,mySPW)  

    #  S e p a r a t e  p o l a r i z a t i o n s .

    Pxx=Psrc[0]
    Pyy=Psrc[1]

    #  F i n d  t h e  f r e q u e n c y  a n d  t i m e  d i m e n s i o n s .

    nChans=Pxx.shape[0]
    nIntegs=Pxx.shape[1]
  
    # -  S u b t r a c t  < P > ,  t h e  t i m e - a v e r a g e  o v e r  a  s c a n  t o  g e t  t h e  v a r i a t i o n s  o n l y .

    #  C a l c u l a t e  < P > .  R e s u l t  i s  a  v e c t o r  o f  s i z e  n C h a n s .

    PxxM=Pxx.mean(axis=1,dtype=np.float64)
    PyyM=Pyy.mean(axis=1,dtype=np.float64)

    #  W e  n e e d  t h e  < P >  v e c t o r  ( i n  f r e q u e n c y )  t o  b e  a  m a t r i x  ( c o n s t  i n  t i m e ) .

    #  D e f i n e  t h e  t i m e - d i m e n s i o n  c o n s t  ( u n i t )  v e c t o r .

    tdUnitVec=np.ones(nIntegs)
    #  P e r f o r m  t h e  o u t e r  ( t e n s o r )  p r o d u c t .

    PxxMM=np.tensordot(PxxM,tdUnitVec,0)
    PyyMM=np.tensordot(PyyM,tdUnitVec,0)

    #  N o w  w e  c a n  s u b t r a c t  -  t h e  r e s u l t  i s  a  m a t r i x  w i t h  s h a p e  n C h a n s  x  n I n t e g s

    dPxx=Pxx- PxxMM
    dPyy=Pyy- PyyMM

    
    # - -  C a l i b r a t i o n  t o  T s k y :  F i n d  G / G *  a n d  T r x / T i n s t

    
    ctACD=acd_calTabs(vis,atmScan,antID,mySPW)

    #  i G  a n d  T _ r x  a r e  o f  s h a p e  n P o l s  x  n C h a n s ,  i G *  ( s o l a r )  n P o l s  x  n C h a n s  x  2 ,

    #  t h e  l a s t  d i m e n s i o n  o f  s i z e  2  r e p r e s e n t i n g  2  t i m e  i n s t a n t s  a t  w h i c h  t h e

    #  g a i n  i s  m e a s u r e d  ( t h e  1 s t  a n d  l a s t  s u b - s c a n s  o f  t h e  s o l a r  s c a n ) .

    iG=ctACD['iG']
    iGstar=ctACD['iG*']
    T_inst=ctACD['T_inst']
  

    #  W h a t  i s  t h e  t a r g e t ?  S h o u l d  w e  u s e  t h e  s o l a r - a t t e n u a t i o n  g a i n  G *  o r

    #  t h e  ' s t a n d a r d '  G ?

    i f (iGstar[0][0][0] == 1.0):  #  G *  n o t  s e t  ( h a s  i t s  d e f a u l t  v a l u e )  - >  n o t  S u n
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      print('Solving for CALIBRATOR scan.')
    
      #  G *  w a s  n o t  c a l c u l a t e d  = >  n o n - s o l a r  t a r g e t ,  u s e  ( i n v e r s e )  G .

      iGx=iG[0]
      iGy=iG[1]
    
    else:
    
      print('Solving for SOLAR scan.')
    
      #  S o l a r  t a r g e t - s c a n :  U s e  ( i n v e r s e )  G * ,  m a k e  a n  a v e r a g e  f r o m  t h e  v a l u e s

      #  d e r i v e d  f o r  t h e  b e g i n n i n g  a n d  t h e  e n d  o f  t h e  s c a n .

      iGx=0.5* (iGstar[0][0]+iGstar[1][0])
      iGy=0.5* (iGstar[0][1]+iGstar[1][1])
    # - - >  e n d i f ( s o l a r )

      
    #  T h e  ' i n s t r u m e n t a l '  t e m p e r a t u r e  -  j u s t  T _ R X  i n  c a s e  o f  t h e  A C  S P W s .

    T_iXX=T_inst[0]
    T_iYY=T_inst[1]
  

    #- -  A tmosphe re :  F ind  the  opac i t i es  and  T_a tm us ing  the  ATM mode l .

  
    #  1 / s i n ( h )  f o r  t h e  t a r g e t .

    airMass=atmModel[mySPW]['airmass']
    
    #  E f f e c t i v e  g a s  t e m p e r a t u r e  o f  t h e  a t m o s p h e r e .

    # T_atm=atmModel[mySPW]['T_atm'].mean()*np.ones(nChans)

    T_atm=atmModel[mySPW]['T_atm']
    
    #  Z e n i t h  w e t  o p a c i t y  f o r  P W V = 1 . 0 .

    tau_1z=atmModel[mySPW]['tau_1']

    #  Z e n i t h  w e t  o p a c i t y  f o r  t h e  a c t u a l  P W V .

    tau_wz=atmModel[mySPW]['tau_w']

    #  Z e n i t h  d r y  o p a c i t y .  

    tau_dz=atmModel[mySPW]['tau_d']

    
    #  W e t  u n i t  o p a c i t y  s c a l e d  b y  a i r m a s s .

    tau_1=airMass* tau_1z
    #  W e t  a c t u a l  o p a c i t y  s c a l e d  b y  a i r m a s s .

    tau_w=airMass* tau_wz
    #  D r y  o p a c i t y  s c a l e d  b y  a i r m a s s .

    tau_d=airMass* tau_dz
    #  T o t a l  o p a c i t y  s c a l e d  b y  a i r m a s s .  D o  N O T  u s e  t a u _ w  -  i t  i s  a n  a v e r a g e

    #  ove r  en t i re  ALMA a r ray ,  see  wopac i t y ( ) .  We  ra the r  use  meanPwv  pe r  an tenna

    #  a n d  t a u 1 .

    tau_t=pwvMean* tau_1+tau_d

    
    #- -  Check  the  SPW de f in i t i on .  We b ranch  fo r  reso lved  and  ave raged  SPWs.

    myMsmd=msmdtool()
    myMsmd.open(vis)  
    freqs = myMsmd.chanfreqs(mySPW)
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    myMsmd.done()
    
    nChans=len(freqs)

    i f (nChans > 1): 

      # - -  T h i s  i s  a  c h a n n e l - r e s o l v e d  S P W .

      #  W e  a r e  g o i n g  t o  i n t e g r a t e  ( s u m )  o v e r  t h e  d e f i n e d  f r e q u e n c y  r a n g e .

      # Some SPWs have,  however ,  reversed f requency ax is .  For  P,  T_RX and G/G*

      #  t h i s  i s  n o t  a n  i s s u e  ( w e  a r e  j u s t  s u m m i n g  b a c k w a r d s ) .  N e v e r t h e l e s s ,

      #  t a u _ *  h a v e  b e e n  c a l c u l a t e d  b y  a t m  m o d e l  i n  w o p a c i t y ( )  w i t h  t h e  f r e q u e n c y

      #  a x i s  a l w a y s  i n  i n c r e a s i n g  o r d e r .  H e n c e ,  i n  r e v e r s e d  S P W s  w e  r e v e r s e  t a u

      #  t o o ,  i n  o r d e r  t o  m a k e  a l l  v a l u e s  h a v i n g  t h e  s a m e  p e r - c h a n n e l  o r d e r .

      #  Moreover ,  we  swap  the  a rgs  s ta r tChan /s topChan  in  reve rsed  SPWs,  so  tha t

      #  t h e y  k e e p  t h e i r  i n t u i t i v e  m e a n i n g  ( c o r r e s p o n d i n g  t o  i n c r e a s i n g

      #  f r e q u e n c y ) .

    
    
      lastChan=nChans- 1
      
      i f (freqs[1] < freqs[0]):
        # Reversed-order SPW

        print("Reversed SPW, swapping start/stop channels.")
        startChan, stopChan = (lastChan- stopChan),(lastChan- startChan)
        
        tau_1=np.flip(tau_1)
        tau_w=np.flip(tau_w)
        tau_d=np.flip(tau_d)
        tau_t=np.flip(tau_t)
        T_atm=np.flip(T_atm)

      #  I n  r e s o l v e d  S P W s  t h e  g a i n / T r x  m a y  l i v e  i n  a  d i f f e r e n t  f r e g u e n c y

      #  d o m a i n  t h a n  t h e  d a t a  -  s e e  a c d _ c a l T a b s ( ) .  W e  h a v e  t o  i n t r e p o l a t e  f i r s t .

      #  N o t e :  t a u _ *  h a v e  t h e  s a m e  f r e q .  d o m a i n  a s  s c i e n c e  d a t a  a s  s e t  i n

      #  w o p a c i t y ( )  j u s t  i t  m a y  b e  i n  r e v e r s e d  o r d e r  ( s o l v e d  a b o v e  b y  f l i p p i n g ) .

 
      #  R e v e a l  t h e  f r e q u e n c y  d o m a i n  f o r  g a i n s .

      gainFreqs=ctACD['freqs']
    
      #  J u s t  a  v e r y  b a s i c  f r e q u e n c y - d o m a i n  c o m p a t i b i l i t y  c h e c k .  @ t o d o  I f  i t  d o e s

      #  n o t  w o r k ,  c h e c k  y e t  f [ 0 ]  a n d  d f .

      i f (nChans ! = len(gainFreqs)):
        print('Interpolating gain/T_rx from ',len(gainFreqs),' to ',len(freqs),
              ' frequency channels.')
        
        #  G a i n  a n d  t a r g e t  s p w  d e f i n i t i o n s  d i f f e r :  D o  i n t e r p o l a t e .

        iGx=np.interp(freqs,gainFreqs,iGx)
        iGy=np.interp(freqs,gainFreqs,iGy)
        
        Ti_XX=np.interp(freqs,gainFreqs,Ti_XX)
        Ti_YY=np.interp(freqs,gainFreqs,Ti_YY)

        
      # - -  A p p l y  t h e  i n t e g r a t i o n  l i m i t s  t o  a l l  r e l e v a n t  a r r a y s .

      freqs=freqs[startChan:stopChan]
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      iGx=iGx[startChan:stopChan]
      iGy=iGy[startChan:stopChan]
    
      Ti_XX=T_iXX[startChan:stopChan]
      Ti_YY=T_iYY[startChan:stopChan]
    

      dPxx=dPxx[startChan:stopChan]
      dPyy=dPyy[startChan:stopChan]
    
      PxxM=PxxM[startChan:stopChan]
      PyyM=PyyM[startChan:stopChan]
    
      tau_1=tau_1[startChan:stopChan]
      tau_w=tau_w[startChan:stopChan]
      tau_d=tau_d[startChan:stopChan]
      tau_t=tau_t[startChan:stopChan]
      T_atm=T_atm[startChan:stopChan]

    
      # - -  P a r t i a l  s e n s i t i v i t y  f a c t o r s  f o r  r e o l v e d  S P W s

      #  A g a i n ,  w e  n e e d  t h e  i G  ( i n v .  g a i n )  v e c t o r  ( i n  f r e q . )  a s  a  m a t r i x .

      iGxM=np.tensordot(iGx,tdUnitVec,0)
      iGyM=np.tensordot(iGy,tdUnitVec,0)
  
      #  F r e q u e n c y - a v e r a g e d  s k y - t e m p e r a t u r e  ( n o t  p o w e r  l i k e  i n  d P W V ( ) )  v a r i a t i o n s

      #  T h i s  i s  g o i n g  t o  b e  a n  R H S  v e c t o r  o f  o u r  s e t  o f  e q u a t i o n s .

      dTxx=np.mean(iGxM* dPxx,axis=0)
      dTyy=np.mean(iGyM* dPyy,axis=0)
  
      #  T h e  s e n s i t i v i t y  f a c t o r  f o r  W V  v a r i a t i o n s .  C o l u m n  1  i n  m a t r i x .  

      SW_XX= -np.mean((iGx* PxxM- Ti_XX- T_atm)* tau_1)
      SW_YY= -np.mean((iGy* PyyM- Ti_YY- T_atm)* tau_1)

      #  T h e  s e n s i t i v i t y  f a c t o r  f o r  s o u r c e - b r i g t h t n e s s  v a r s .  C o l  2  i n  m a t r i x .

      SB_XX=np.mean((freqs/ f_LO)* * spix* np.exp(- tau_t))
      SB_YY=SB_XX

      # - - >  e n d i f ( r e s o l v e d  s p w )

    else:

      #- -  Th is  i s  a  channe l -ave raged  AC o r  SQLD spw.

      # Ca lcu la te  channe l -averages  over  the  SPW fo r  a tmospher ic  mode l  params.

      tau_1M=tau_1.mean()
      tau_wM=tau_w.mean()
      tau_dM=tau_d.mean()
      tau_tM=tau_t.mean()
      T_atmM=T_atm.mean()
    
      print('Opacities w1:',tau_1M,'wet:',tau_wM, 'dry: ',tau_dM,
            'Total:',tau_tM, 'Transmisivity:',np.exp(- tau_tM))

      # - -  I n t e g r a t e d  s e n s i t i v i t y  f a c t o r s  f o r  a v e r a g e d  S P W s .

      #    T h e  i n d e x  ' 0 '  r e p r e s e n t s  t h e  s i n g l e  f r e q u e n c y  c h a n n e l  w e  h a v e .
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      #  F requency -ave raged  sky - tempera tu re  va r i a t i ons .

      #  T h i s  i s  g o i n g  t o  b e  a n  R H S  v e c t o r  o f  o u r  s e t  o f  e q u a t i o n s .

      dTxx=iGx[0]* dPxx[0]
      dTyy=iGy[0]* dPyy[0]

      # The SQLD spws have 12x h igher  cadence than the ACs.  Rebin the SQLD

      #  da ta  i n  t ime  t o  have  a  homogeneous  se r i es .  Do  t he  same  f o r  t ime  ax i s  MJD

      i f  mySPW i n [0,1,2,3,13,14,15,16]:
        dTxx=rebin(dTxx,12)
        dTyy=rebin(dTyy,12)
        mjd_src=rebin(mjd_src,12)
        
      #  S h o r t c u t  f o r  ' n e t '  s k y  t e m n p e r a t u r e ,  c l e a n e d  b y  a t m .  a n d  i n s t .  c o n t r i b s .

      TnetXX=iGx[0]* PxxM[0]- T_iXX[0]- T_atmM
      TnetYY=iGy[0]* PyyM[0]- T_iYY[0]- T_atmM
 
      
      #  T h e  s e n s i t i v i t y  f a c t o r  f o r  t o t a l  W V  v a r i a t i o n s .  C o l u m n  1  i n  m a t r i x .  

      SW_XX= -TnetXX* tau_1M
      SW_YY= -TnetYY* tau_1M
 
      #  T h e  s e n s i t i v i t y  f a c t o r  f o r  s o u r c e - b r i g t h t n e s s  v a r s .  C o l  2  i n  m a t r i x .

      SB_XX=(freqs[0]/ f_LO)* * spix* np.exp(- tau_tM)
      SB_YY=SB_XX

      " " "

      A l t e r n a t i v e / a d d i t i o n a l  d e c o m p o s i t i o n s  o f  a  s i g n a l .  U s i n g  e i t h e r  o p t i o n

      1  o r  2  b e l o w ,  w e  a r r i v e  t o  i n  t o t a l  3  u n k n o w n  v a r i a b l e s :

      [ w e t - s l o w ,  w e t - f a s t ,  s o u r c e - b r i g h t n e s s ]  f o r  O p t i o n  1 ,  a n d

      [ w e t - t o t a l ,  d r y ,  s o u r c e - b r i g h t n e s s ]  f o r  O p t i o n  2 .

      @ t o d o :  I f  i t  s h a l l  b e  i m p l e m e n t e d ,  d o  i t  f o r  c h a n - r e s o l v e d  S P W  a b o v e ,  t o o .

      O p t i o n  1 :  U s e  t h e s e  t w o  i n s t e a d  o f  t o t a l  w e t  c o m p o n e n t .  

      

      #  S l o w  W V  v a r i a t i o n s :  H u m i d i t y  /  W V  r e l .  a b u n d a n c e .

      SWS_XX=-TnetXX*tau_wM

      SWS_YY=-TnetYY*tau_wM

      

      #  F a s t  W V  v a r i a t i o n s :  A i r - m i x t u r e  t o t a l  d e n s i t y .

      SWF_XX=-TnetXX*tau_tM

      SWF_YY=-TnetYY*tau_tM

    

      O p t i o n  2 :  A d d  t h i s  e x p r e s s i o n  f o r  t h e  d r y  c o m p o n e n t  t o  t h e  t o t a l  w e t  v a r s .

     

      #  T o t a l  d r y  v a r i a t i o n s .

      SD_XX=-TnetXX*tau_dM

      SD_YY=-TnetYY*tau_dM

      A s  i t  i s  s h o w n  i n  P R 1 5 ,  b o t h  o p t i o n s  a r e  m a t h e m a t i c a l l y  e q u i v a l e n t ,  w e

      j u s t  d e c o m p o s e  t o  t w o  d i f f e r e n t  b a s e s .  H o w e v e r ,  n o n e  i s  w o r k i n g  -  e i t h e r

      t h e  s y s t e m  i s  i l l - c o n d i t i o n e d  ( O p t i o n  1 )  o r  w e  a r e  j u s t  a m p l l i f y i n g  n o i s e

      i n  b e c a u s e  v e r y  l o w  s e n s i t i v i t y  f a c t o r  f o r  d r y  c o m p o n e n t  ( O p t i o n  2 ) .

      " " "       
      #- ->  ende lse(averaged spw)
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    # - -  S e t  o f  l i n e a r  e q u a t i o n s  f o r  d W  a n d  d B :  A s s e m b l y  t h e  s y s t e m .

    
    #  S e t  t h e  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  S P W  a s  a  r o w  i n  t h e  m a t r i x .

    Axx=np.append(Axx,[SW_XX,SB_XX])
    Ayy=np.append(Ayy,[SW_YY,SB_YY])
 
    #  S e t  t h e  s k y  t e m p e r a t u r e  v a r i a t i o n s  i n  t h e  c u r r e n t  S P W  a s  t h e  R H S  v e c t o r s .

    Cxx=np.append(Cxx,dTxx)
    Cyy=np.append(Cyy,dTyy)
    
    spwIndex+=1
    
  # - ->  end fo r ( spws )

  #  T h e  l a s t  s p w  i n d e x  i s  t h e  s p w  c o u n t .

  numSpw=spwIndex

  #  Re-shape  the  mat r i x  to  be  nVars  x  numSpw ar ray

  Axx=np.reshape(Axx,(numSpw,- 1))
  Ayy=np.reshape(Ayy,(numSpw,- 1))

  
  # Re-shape the RHS vectors to be nTimeSamples x numSpw array

  Cxx=np.reshape(Cxx,(numSpw,- 1))
  Cyy=np.reshape(Cyy,(numSpw,- 1))

  # - -  W e  m o s t  l i k e l y  h a v e  o v e r - d e t e r m i n e d  s y s t e m .  U s e  t h e  l e a s t - s q u a r e

  #    a p p r o a c h  t o  g e t  q u a d r a t i c  f o r m  a n d  i t s  m i n i m i z e r

  #  Transposed  mat r i ces .

  AxxT=np.transpose(Axx)
  AyyT=np.transpose(Ayy)

  #  Q u a d r a t i c - f o r m  m a t r i x  2 x 2  ( w e  h a v e  t w o  v a r i a b l e s ) .

  AxxK=np.matmul(AxxT,Axx)
  AyyK=np.matmul(AyyT,Ayy)

  # Modi f ied RHS (nTimeSamples x  2)

  CxxK=np.matmul(AxxT,Cxx)
  CyyK=np.matmul(AyyT,Cyy)

  # - -  S o l v e  t h e  n V a r s x  x  n V a r s  s e t  o f  e q u a t i o n s ,  o n e  p e r  p o l a r i z a t i o n ,

  #    u s i n g  C r a m e r ' s  r u l e .  S o  f a r  j u s t  f o r  2  x  2  -  n e e d  t o  b e  u p d a t e d  i n  c a s e

  #    o f  e x t e n d e d  d e c o m p o s i t i o n  ( s e e  c o m m e n t e d  ' A l t e r n a t i v e . . . '  p a r t  a b o v e ) .

  
  #-  Po l  XX

  A11=AxxK[0,0]
  A12=AxxK[0,1]

  A21=AxxK[1,0]
  A22=AxxK[1,1]

  print('A11=',A11,', A12=',A12)
  print('A21=',A21,', A12=',A22)
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  C1=CxxK[0]
  C2=CxxK[1]

  print('C1=',C1)
  print('C2=',C2)

  iD=1.0/ (A11* A22- A12* A21) #  I n v e r s e  d e t e r m i n a n t  o f  t h e  s y s t e m .

  print("Inverse determinant (XX): ",iD)

  dWWxx=iD* (A22* C1- A12* C2)  
  dBBxx=iD* (A11* C2- A21* C1)

  #-  Po l  YY

  A11=AyyK[0,0]
  A12=AyyK[0,1]

  A21=AyyK[1,0]
  A22=AyyK[1,1]

  print('A11=',A11,', A12=',A12)
  print('A21=',A21,', A12=',A22)

  C1=CyyK[0]
  C2=CyyK[1]

  print('C1=',C1)
  print('C2=',C2)

  iD=1.0/ (A11* A22- A12* A21) #  I n v e r s e  d e t e r m i n a n t  o f  t h e  s y s t e m .

  print("Inverse determinant (YY): ",iD)

  dWWyy=iD* (A22* C1- A12* C2)  
  dBByy=iD* (A11* C2- A21* C1)

  # - - -  D i a g n o s t i c  p r i n t s  &  p l o t s

  # -  A l l  v a r i a t i o n s  s h o u l d  e s s e n t i a l l y  h a v e  z e r o  m e a n .

  print("dWxx, dWyy mean: ", dWWxx.mean(),dWWyy.mean())
  print("dBxx, dByy mean: ", dBBxx.mean(),dBByy.mean())
  

  # - -  M a k e  a  p l o t  c o m p a r i n g  t h e  m e a s u r e d  v a r i a t i o n s ,  t h e i r  p a r t  a t t r i b u t e d  t o

  #    t h e  i n t r i n s i c  b r i g h t n e s s  c h a n g e s ,  a n d  e r r o r  i n  e q s - s y s t e m  s o l u t i o n .

  # - S e t  t h e  p l o t t i n g  d e v i c e .

  
  plt.rcParams["figure.figsize"] = (30,70)
  #  M a k e  X X  a n d  Y Y  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )       

  ff,sps=plt.subplots(3,2)

  #  X - a x i s  l a b e l  j u s t  f o r  t h e  b o t t o m  s u b - p l o t .

  sps[2,0].set_xlabel('Time [MJDsec]')
  sps[2,1].set_xlabel('Time [MJDsec]')
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  #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+str(antID))

  #  C o l o r - m a p  f o r  S P W s  i n  i n c r e a s i n g  o r d e r ,  i n c l .  l i n e - s t y l e .

  # We have minimum 2 and maximum 12 SPWs in the spwList  argument.

  #  I f  w e  u s e  a l l  1 2  s p w s ,  l i n e s t y l e  c o r r e s p o n d e n c e  t o  t h e  s p w  t y p e  f o l l o w s :  

  csline=['-r','-g','-b','-k',        # AC reso lved

          '--r','--g','--b','--k',    #  AC  i n teg ra ted

          ':r',':g',':b',':k']        # SQLD

  
  # -  C a l c u l a t e  t h e  e r r o r s  f o r  o v e r d e t e r m i n e d  s e t  o f  e q s .

  #  Compose  t he  va r i ab l es  i n t o  a  s t ack  o f  vec to r s  nT imeSamp les  x  2  

  varVecXX=np.array([dWWxx,dBBxx])
  varVecYY=np.array([dWWyy,dBByy])

  #  S u b t r a c t  ' t h e o r e t i c a l '  a n d  r e a l  s k y - t e m p e r a t u r e  v a r i a t i o n s .

  errVecXX=np.matmul(Axx,varVecXX)- Cxx
  errVecYY=np.matmul(Ayy,varVecYY)- Cyy

  
  # -  M a k e  t h e  a n a l y t i c a l  p l o t s  -  l e a s t - s q u a r e  r e s i d u a l s  e t c .

  #  * * *  1 s t  r o w

  #  L e f t  p a n e l :  X X  e r r s

  spwCount=0
  f o r spw i n spwList:  
    sps[0,0].plot(mjd_src,errVecXX[spwCount],csline[spwCount])
    spwCount+=1

  #  R i g h t  p a n e l :  Y Y  e r r s

  spwCount=0
  f o r spw i n spwList:  
    sps[0,1].plot(mjd_src,errVecYY[spwCount],csline[spwCount])
    spwCount+=1

    
  #  * * *  2 n d  r o w

  # Le f t  pane l :  XX RHS

  spwCount=0
  f o r spw i n spwList:  
    sps[1,0].plot(mjd_src,Cxx[spwCount],csline[spwCount])
    spwCount+=1

  # Right  pane l :  YY RHS

  spwCount=0
  f o r spw i n spwList:  
    sps[1,1].plot(mjd_src,Cyy[spwCount],csline[spwCount])
    spwCount+=1

  #  * * *  3 r d  r o w

  #  L e f t  p a n e l :  X X  p o l  f o r  T _ s r c  v a r i a t i o n s  c o n t r i b  t o  t h e  t o t a l .

  spwCount=0
  f o r spw i n spwList:  
    sps[2,0].plot(mjd_src,Axx[spwCount,1]* dBBxx,csline[spwCount])
    spwCount+=1
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  #  R i g h t  p a n e l :  Y Y  p o l  f o r  T _ s r c  v a r i a t i o n s  c o n t r i b  t o  t h e  t o t a l .

  spwCount=0
  f o r spw i n spwList:  
    sps[2,1].plot(mjd_src,Ayy[spwCount,1]* dBByy,csline[spwCount])
    spwCount+=1

  # -  S a v e  t h e  p l o t s  t o  a  f i l e  a n d  c l o s e .

  plt.savefig('./dwdp_4SPWs/errs_ant_'+str(antID)+'.png')  
  plt.show() 
  plt.close()

  # - -  M a k e  t h e  * s o l u t i o n *  p l o t s :  d W ( t )  a n d  d B ( t ) .

 
  #  S e t  t h e  s i z e  o f  t h e  p l o t

  plt.rcParams["figure.figsize"] = (10,5)
  #  M a k e  s l o w - W V  a n d  f a s t - W V  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

  ff,(sp1,sp2)=plt.subplots(1,2)
  #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+str(antID))

  #  L e f t  p a n e l :  F a s t  v a r i a t i o n s  -  a p p a r e n t  t a r g e t  b r i g h t n e s s

  sp1.plot(mjd_src,dBBxx,'-r')
  sp1.plot(mjd_src,dBByy,'-b')

  #  R i g h t  p a n e l :  S l o w  v a r i a t i o n s  -  t o t a l  P W V  ( c o m p r e s s i o n  +  h u m i d i t y ) .  

  sp2.plot(mjd_src,dWWxx,'-r')
  sp2.plot(mjd_src,dWWyy,'-b')
  
  plt.savefig('./dwdp_4SPWs/dWdB/dWdB_ant_'+str(antID)+'.png')  
  plt.show() 
  plt.close()

  # - -  R e t u r n  t h e  d W  a n d  d B  v a r i a t i o n s  p r e c e d e d  b y  t i m e .

  #    A d d  t h e  ( o r i g i n a l  o v e r - d e t e r m i n e d )  m a t r i x  a n d  t h e  R H S  v e c t o r ,  t o o .

  #  Compose  the  XX  and  YY po la r i za t i on  componen t  t o  a  s ing le  a r rays

  dWW=np.array([dWWxx,dWWyy])
  dBB=np.array([dBBxx,dBByy])
  AA=np.array([Axx,Ayy])
  CC=np.array([Cxx,Cyy])
  
  #  R e t u r n  a l l  a s  a  m a p / d i c t i o n a r y .

  return {'time':mjd_src,'dW':dWW,'dB':dBB,'A':AA,'C':CC}

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdB_Tbs(vis,atmScan,tgtScan,myAtm,antID,spwList,flaggedData=[],
             myMS=None,myMsmd=None,acdLoads=None):
  " " "

  * * *  N e e d  t o  b e  e d i t e d  i f  u s e d  f o r  o b s e v a r t i o n  d i f f e r e n t  f r o m  2 0 2 3 . 1 2 . 1 6  !  * * *

  N a m e l y  t h e  e h p e m e r i s - d e p e n d e n d  d a t a  a t  t h e  b e g i n n i n g  o f  t h e  s c r i p t  ( i n d i c a t e d

  i n  c o m m e n t ) .
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  A n  a l t e r n a t i v e  a p p r o a c h  t o  d W d B ( ) ,  w h i c h ,  i n s t e a d  o f  u s i n g  T a t m  i n  t h e

  e x p r e s s i o n  T b s = T a t m * ( 1 - t r )  f o r  a t m o s p h e r i c  c o n t r i b u t i o n  t o  t h e  s k y  b r i g h t n e s s ,

  u s e s  d i r e c t l y  T b s = a t . T e b b S k y ( ) ,  s m i l i r a l y  t o  o u r  a p p r o a c h  f o r  P W V  c a l c u l a t i o n s

  f r o m  t h e  W V R  t e m p e r a t u r e s ,  l i k e  i n  p w v C a l c ( )  o r  d W d L s u n ( ) .

  I t  s h o u l d  b e  o f  t h e  s a m e  o r d e r  o f  a c c u r a c y  a n d  c o m p l e x i t y ,  b e c a u s e  t h e  T a t m

  i s  c a l c u l a t e d  f r o m  t h e  s a m e  A T M  m o d e l  a n y w a y ,  j u s t  w e  h a v e  t o  s c a l e  i t  b y

  t h e  f a c t o r  ( 1 - t r ) .

  T h e  b i g  a d v a n t a g e  o f  t h i s  a l t e r n a t i v e  a p p r o a c h  i s  t h a t  w e  c a n  e a s i l l y  f i n d

  a l s o  t h e  s c a n - a v e r a g e d  P W V  v a l u e ,  n o t  j u s t  i t s  d i f f e r e n t i a l  v a r i a t i o n s .

  W e  u s e  t h e  s a m e  a p p r o a c h  a s  i n  d W d L s u n ( ) :  L i n e a r i z i n g  t h e  r a d i a t i v e - t r a n s f e r

  e q u a t i o n  a r o u n d  i t s  " o p e r a t i o n  p o i n t " ,  w h i c h  i s  d e f i n e d  b y  t h e  s c a n - a v e r a g e d

  P W V  w 0  a n d  s c a n - a v e r a g e d  ' l u m i n o s i t y '  o f  t h e  S u n  T s u n 0 .  T h e  l i n e a r  s e t  o f

  e q u a t i o n s  i s  o v e r d e t e r m i n e d  f o r  m o r e  t h a n  t w o  S P W s  ( i f  t h e y  o c c u p y  d i s t i n c t

  f r e q u e n c y  d o m a i n s ) ,  s o  w e  s o l v e  t h e  s e t  o f  ' n o r m a l '  e q u a t i o n s ,  i p m l y i n g

  f r o m  t h e  l e a s t - s q u a r e  p r i n c i p l e ,  l i k e  i n  d W d B ( ) .  H o w e v e r ,  i n  o u r  l i n e a r i z e d

  s e t  o f  e q u a t i o n s ,  t h e  v a r i a t i o n s  n e e d  n o t  t o  h a v e  z e r o  m e a n .  S o  w e  a d d  t h e

  m e a n  t o  t h e  s t a t i o n a r y  ' o p e r a t i o n  p o i n t '  d e f i n e d  b y  [ w 0 , T s u n 0 ]  a n d  m a k e  a  n e w

  i t e r a t i o n ,  l i k e  i n  d W d L s u n ( ) ,  u n t i l  w e  r e a c h  z e r o - m e a n  v a r i a t i o n s .  T h i s  w a y ,

  b o t h  t h e  v a r i a t i o n s  a n d  t h e i r  s t a t i o n a r y  p a r t  i s  f o u n d .  T h i s  a p p r o a c h  h a s  b e e n

  v e r i f i e d  v i a  d W d B _ T b s _ N L ( ) ,  w h i c h  s o l v e s  t h e  n o n - l i n e a r  R T  e q u a t i o n  d i r e c t l y

  b y  N e w t o n - R a p h s o n  i t e r a t i o n s :  R e s u l t s  o f  b o t h  d i f f e r  i n s i g n i f i c a n t l y .

  W e  d o  a p p r o p r i a t e  i n t e g r a t i o n  i n  t h e  f r e q u e n c y  d o m a i n  f o r  a l l  m o d e l - b a s e d

  q u a n t i t i e s .  T h e  s o l a r  Q S R  s p e c t r u m  i s  b e i n g  s c a l e d  b y  f o r m u l a  ( 4 )  i n

  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) ,  t h e  o r i g i n a l  p o w e r - l a w  e s t i m a t i o n  h a s  b e e n

  a b a n d o n e d  b e a c u s e  o f  l a r g e  r e s i d u a  ( s e e  b e l o w  i n  t h e  c o d e ) .

  M o r e o v e r ,  w e  a p p l y  c o n s e q u e n t l y t h e  a n t e n n a  e f f i c i e n c i e s  e t a _ l  a n d  e t a _ F

  ( s e e  W h i t e  e t  a l .  2 0 1 7 ) :  F o r  t h e  f l u c t u a t i o n s  w i t h i n  i n  a  s i n g l e  S P W  t h e y

  m a y  b e  i n c o r p o r a t e d  i n t o  e f f e c t i v e  g a i n  a n d  ' i n s t r u m e n t a l '  t e m n p e r a t u r e ,

  b u t  h e r e ,  w h e n  u s i n g  a l l  S P W s  a n d  a b s o l u t e  c a l i b r a t i o n  t o  s o l a r  T _ B  a n d  f u l l

  P W V ,  i t  i s  n o t  p o s s i b l e .

  And  the  l as t  i nnova t ion :  The  PWV va lues  shou ld  be  common fo r  bo th  XX and  YY

  p o l a r i z a t i o n .  O n  t h e  p t h e r  h a n d ,  t h e  s o l a r  b r i g h t n e s s  T _ B  m a y  d i f f e r  i n

  X X  a n d  Y Y  c h a n n e l s  ( e . g . ,  t h e  a p p a r e n t  c h a n g e s  d u e  t o  a t m . - t u r b u l e n c e  l e n s i n g

  may  be  po l a r i za t i on  dependen t ,  even  t he  so l a r  FoV  may  have  a  sma l l  amoun t  o f

  i n r i n s i c  p o l a r i z a t i o n ) .  T h e r e f o r e ,  w e  h a v e  3  i n d e p e n d e n t  v a r i a b l e s :

  PWV, TB_XX, and TB_YY.

  

  A r g u m e n t s  ( t h e s e  t h a t  d i f f e r  f r o m  d W d B ( ) ) :

  * m y A t m * :  H e r e ,  m y A t m  i s  t h e  * a t t o o l *  s e t  f o r  o u r  a t m o s p h e r e ,  f o r  a l l  4

  r e s o l v e d  s c i  S P W s .  I t  i s  a  d i f f e r e n c e  t o  d W d B ( ) ,  w h e r e  w e  u s e  a l r e a d y

  p r e - c a l c u l a t e d  ( ' t a b e l i z e d ' )  m o d e l ,  i . e . ,  ' s t a t i c '  a r r a y s  f o r  o p a c i t i e s ,  T a t m ,

  t r a n s m i s s i v i t y  e t c .  f o r  a  s p e c i f i c  v a l u e  o f  t i m e - a v e r a g e d  P W V  f o r  t h e  s c a n .

  H e r e  i t  i s  n o t  p o s s i b l e  a s  t h e  m e a n  P W V  ( t h e  w 0  p a r a m e t e r )  i s  o n e  o f  t h e

  unknowns ( in  dWdB()  we use  i t s  ASDM_CALWVR va lue  in te rpo la ted  to  the  cen ter

  o f  t h e  s c a n ) .  T h e  * m y A t m *  a t t o o l  s e t  f o r  t h e  f r e q u e n c y  d o m a i n  d e f i n e d  b y  t h e

  AC channne l - reso lved  SPWs can be  conven ien t ly  ob ta ined v ia  se tA tmToo l4SPWs() .

  * f l a g g e d D a t a * :  A  l i s t  o f  s t r i n g s  i n  t h e  f o r m  o f  ( e x a m p l e )  [ ' 9 : X X ' , ' 3 : Y Y ' ]  w i t h

  t h e  s p w : p o l a r i z a t i o n  p a i r s  t h a t  s h o u l d  b e  i g n o r e d  i n  t h e  a n a l y s i s .  T h i s  c a n  b e

  u s e d  f o r  m u l t i - p a s s a g e  o f  t h i s  m e t h o d ,  w h e r e  i n  t h e  f i r s t  r u n  w e  f i n d  t h e

  f i n a l - s o l u t i o n  r e s i d u a  a n d  t h e  S P W : P o l  p a i r ,  w h o s e  r e s i d u u m  i s  m o r e  t h a n
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  d e s i r e d  d i s t a n c e  ( e . g . ,  3  s i g m a )  a p p a r t  f r o m  t h e  m e a n ,  c a n  b e  f l a g g e d  f o r

  t h e  r e p e a t e d  r u n .

  *myMsmd* ,  *myMS* :  Conven ien t l y  we  can  pass  t he  t oo l s  a l r eady  a t t ached  ton  t he

  M S  * v i s * .  I f  n o t h i n g  i s  p r o v i d e d ,  t h e  m e t h o d  a l l o c a t e s  a n d  a t t a c h e s  i t s  o w n

  l o c a l  t o o l s  ( w h o c h  c o s t s  s o m e  C P U  t i m e )

  *acdLoads* :  A  d i c t i ona ry  o f  ACD tempera tu res  (go t  by  aU .ge tLoadTempera tu res ( ) )

  f r o m  w h i c h ,  f o r  e x a m p l e ,  t h e  a m b i e n t - l o a d  t e m p e r a t u r e  c a n  b e  e x t r a c t e d  b y

  T a m b  =  a c d L o a d s [ a n t I D ] [ a t m S c a n ] [ ' a m b ' ] .  I f  n o t  p r o v i d e d ,  i t  i s  g e n e r a t e d

  i n s i d e  t h e  r o u t i n e  ( c u m b e r s o m e ,  i f  w e  c a l l  i t  i n  t h e  l o o p  f o r  a l l  a n t e n n a s ) .

  " " "

  
  # - - -  S t a t i c  p a r a m e t e r s

  # -  D i r s

  #  O u t p u t / d i a g n o s t i c s  p l o t s .

  plotDir='./sciPWVs'

  # -  T o o l s ,  g l o b a l  d a t a

  
  #  F l a g s  u s e d  t o  c h e c k ,  w h e t h e r  w e  s h o u l d  c l o s e  t h e  t o o l  l a t e r .

  ownMS=False
  ownMsmd=False

  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMS):
    #  Open  the  ms  too l

    myMS=mstool() 
    myMS.open(vis)
    ownMS=True

  i f (not myMsmd):
    #  O p e n  t h e  m s  t o o l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True
    
  #  C r e a t e  o u r  d i c t i o n a r y  w i t h  A C D  l o a d  t e m p e r a t u r e s  ( a m b i e n t ,  h o t )  i f  n e e d e d .

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis, doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)

  #-  Source

  
  #  I n i t i a l  g u e s s  o f  t h e  s o l a r  b r i g h t n e s s  t e m p e r a t u r e .

  #  S D  c a l i b r a t i o n  s c r i p t :  R e f e r e n c e  T _ b  f o r  s o l a r  d i s c  c e n t e r  @ 1 9 8 G H z

  TsunCenter=6300.0  # K

  #  S o l a r  r a d i u s .

  Rsun=696000 # km

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    
  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  D e c  2 0 2 3  B a n d  5  o b s e r v a t i o n .
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  x_h=928.0 #  a rcsec

  y_h=87.0  #  a rcsec

  #  Ea r t h -Sun  d i s t ance  f o r  Dec  2023  Band  5  obse rva t i on .

  Dsun=1.4723338439337283e8 # km

  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  #  A p p a r e n t  a n g u l a r  s o l a r  r a d i u s  i n  a r c s e c .

  r_sol=180.0* 3600.0* Rsun/ (Dsun* np.pi)
  
  #  m u = c o s ( t h e t a ) .  U s e d  f o r  l i m b - b r i g h t e n n i n g  c o r r e c t i o n  b e l o w .

  mu=np.sqrt(1.0- (x_h* * 2+y_h* * 2)/ r_sol* * 2)
  
  #  b _ 2 = 2 . 0 * a _ 2 ,  w h e r e  a _ 2  i s  t h e  t e m p e r a t u r e  d r o p  w i t h  f r e q u e n c y  i n  E q .  ( 4 )

  #  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  b_2= -1127.0 #  =  2 x  ( - 5 6 3 . 5 K )  a s  p e r  T a b l e  2  i n  A l l i s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  #  B r i g h t n e s s  t e m o e r a t u r e  c o r r e c t e d  t o  l i m b  b r i g h t e n n i n g  -  s e e

  #  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  Tsun00=TsunCenter+0.5* b_2* np.log(mu)

  #  R e f e r e n c e  f r e q u e n c y  f o r  t h e  s o l a r  s p e c t r u m :  W e  t a k e  t h e  L O  f r e q u e n c y  ( i n  H z )

  f_LO=1.98e11

  #- SPWs

  
  #  I n t e g r a t i o n  l i m i t s  f o r  r e s o l v e d  A C  S P W s .

  startChan=8
  stopChan=120
  
  #-  Antenna

  #  R e a r - s p i l l o v e r  +  o h m i c  a n t e n n a  e f f i c i e n c y  ( s e e  T a b .  3  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  eta_l=0.95
  #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y  ( T a b .  3  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  eta_F=0.90

  #  E x t r a c t  t h e  a m b i e n t  t e m p e r a t u r e  f o r  c u r r e n t  a n t e n n a  a n d  s c a n .

  #  I t  d e t e r m i n e s  t h e  r e a r - s p i l l o v e r  c o n t r i b u t i o n  t o  n o i s e .

  Tamb = acdLoads[antID][atmScan]['amb']

  
  #- Atmosphere

  
   # In i t ia l  guess o f  mean PWV: Scan-center  in terpo la ted ASDM_CALWVR va lue.

  w0=getPWVforAnt(vis,tgtScan,antID,myMsmd)['pwvAvg']

  #  S e t  i n i t i a l  e s t i m a t i o n  o f  P W V  t o  t h e  A T M  m o d e l .

  myAtm.setUserWH2O(qa.quantity(w0,'mm'))

  #  A i r m a s s  f o r  t h e  s o l a r  s c a n .

  airMass=myAtm.getAirMass()

  print('....... Initial estimate')
  print('Mean PWV for scan,',tgtScan,' w0 = ',w0,' @airMass = ',airMass)
  print('Estimated T_B = ',Tsun00)
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  print('.......')

  #- SciSPW to AtmSPW mapping.

  # How sc ience  SPWs map to  the  SPW 0  -  3  in  the  ATM too l .

  sciAtmMap={0:0,1:1,2:2,3:3,5:0,6:0,7:1,8:1,9:2,10:2,11:3,12:3}
  

  # - - -  R e a d - o u t  t h e  s k y + s r c  b r i g h t n e s s  t e m p e r a t u r e s  f o r  a l l  S P W s  i n  t h e  s p w L i s t .

  #  S to re  the  f requency -ave raged  sky+s rc  t empera tu res  i n  a  map

  #  spwId  ->  np .a r ray (nT imeSamples ) .  Do  no t  use  2D a r ray  as  we  index  by  the  SPW

  #  i d ,  w h i c h  i s  s p a r s e  i n  t h e  s e t  o f  i n t e g e r s .

  Txx={}
  Tyy={}

  
  f o r sciSPW i n spwList:
    
    #  R e a d  A C D  c a l i b r a t e d  s k y  t e m p e r a t u r e s  f o r  t h e  t a r g e t  d e f i n e d  b y  t a r g e t S c a n .

    time,TxxS,TyyS=tgt_Tb(vis,atmScan,tgtScan,antID,sciSPW,
                          myMS=myMS,myMsmd=myMsmd,myAtm=myAtm,acdLoads=acdLoads)

    #  W e  h a v e  d i f f e r e n t  h a n d l i n g  f o r  f r e q u e n c y - r e s o l v e d  a n d  i n t e g r a t e d  S P W s .

    nChans=TxxS.shape[0]

    i f (nChans > 1):
      
      # Resolved AC SPWs.

      #  T r i m  t h e  s p e c t r a l  e d g e s  b y  p o s i n g  t h e  i n t e g r a t i o n  l i m i t s  a n d  a v e r a g e

      #  o v e r  t h e  r e m a i n i n g  c h a n n e l s .

      
      TxxM=np.mean(TxxS[startChan:stopChan],axis=0)
      TyyM=np.mean(TyyS[startChan:stopChan],axis=0)
      
    else:
      
      # In tegra ted  ACs or  SQLDs.

      #  The  s i ng le  channe l  a l r eady  rep resen t s  a  mean  ove r  t he  band -pass .

      
      TxxM=TxxS[0]
      TyyM=TyyS[0]
      
      # The SQLD spws have 12x h igher  cadence than the ACs.  Rebin the SQLD

      #  d a t a  i n  t i m e  t o  h a v e  a  h o m o g e n e o u s  s e r i e s .  D o  t h e  s a m e  f o r  t i m e  a x i s .

      i f  sciSPW i n [0,1,2,3,13,14,15,16]:
        TxxM=rebin(TxxM,12)
        TyyM=rebin(TyyM,12)
        time=rebin(time,12)

    #  Append  t he  f r equency -ave rged  t ime  se r i es  f o r  each  SPW to  t he  Tsky  a r rays .

    Txx[sciSPW]=TxxM
    Tyy[sciSPW]=TyyM

    print('SPW ',sciSPW,': <Tsky+src_XX> = ',Txx[sciSPW].mean(),'+/-',
          Txx[sciSPW].std())
    print('         <Tsky+src_YY> = ',Tyy[sciSPW].mean(),'+/-',
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          Tyy[sciSPW].std())
           
    
  # - - > e n d f o r ( s c i S p w s  i n  l i s t )

  #  C o u n t  t h e  S P W  i n  t h e  l i s t .

  numSpw=len(spwList)
  #  C o u n t  t h e  t i m e  s a m p l e s  i n  d a t a .

  nSamples=len(time)
  
  #  T h e  d a t a  a r e  r e a d - o u t ,  w e  m a y  c l o s e  t h e  ( l o c a l )  t o o l s .

  i f (ownMsmd): myMsmd.done()
  i f (ownMS): myMS.close()

 
  # - -  A l l o c a t e  a r r a y s  t o  b e  u s e d  f o r  m a t r i x  A  a n d  t h e  R H S - v e c t o r  C  c a l c u l a t i o n s

  #   f rom the ATM model .  They have just  nAtmSPWs components.

  nAtmSPWs=myAtm.getNumSpectralWindows()
  nChans=myAtm.getNumChan(0)

  #  A l l o c a t e  t h e  m o d e l  s k y  ( s o u r c e  +  a t m )  t e m p e r a t u r e .

  TskyXX=np.zeros(nAtmSPWs)
  TskyYY=np.zeros(nAtmSPWs)
   
  #  S e n s i t i v i t y  f a c t o r s  f o r  d W  a n d  d B  ( J a c o b i a n  e l e m e n t s ) .

  SWxx=np.zeros(nAtmSPWs)
  SWyy=np.zeros(nAtmSPWs)

  SBxx=np.zeros(nAtmSPWs)  
  SByy=np.zeros(nAtmSPWs)  

  
  # Frequenc ies  o f  channe ls  in  our  ATM SPWs.

  spw_freqs=np.zeros((nAtmSPWs,nChans))

  f o r atmSpw i n range(nAtmSPWs):
    
    fMin=myAtm.getMinFreq(atmSpw)['value'][0]* 1.0e9 # GHz to Hz

    df=myAtm.getChanSep(atmSpw)['value'][0]* 1.0e6   # MHz to Hz

    
    spw_freqs[atmSpw]=fMin+df* np.arange(nChans)

  
  # - - -  I m p r o v e  a  g u e s s  o f  t h e  s o l a r  b r i g t h n e s s  t e m p e r a t u r e .

  TsolEst=np.zeros(numSpw)

  spwCount=0
  f o r sciSPW i n spwList:

    #  Map  the  sc i  SPW to  i t s  co r respond ing  ATM coun te rpa r t

    atmSPW=sciAtmMap[sciSPW]
      
    #  S k y  b r i g h t n e s s  i n  a  g i v e n  S P W  f o r  t h e  c u r r e n t  P W V  e s t i m a t e .

    TbsEst=myAtm.getAverageTebbSky(atmSPW,qa.quantity(w0,'mm'))['value'][0]
  
    #  D r y  z e n i t h  o p a c i t y

    tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
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    #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

    tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
    #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

    opacity=airMass* (tau_wet+tau_dry)

    #  Mean  ( spw-ave raged )  t r ansmiss i v i t y

    transM=np.mean(np.exp(- opacity))
    #  F r e q u e n c y - d e p e n d e n t  p a r t  o f  s o l - f l u x  s p e c t r u m  w e i g h t e d  b y  t r a n s m i s s i v i t y .

    SFtrans=np.mean(np.exp(- opacity)* np.log(spw_freqs[atmSPW]/ f_LO))

    #  <Tsky+s rc>  es t ima t ion  f rom measurements ,  ave raged  over  t ime  and  po ls .

    TskyEst=0.5* (Txx[sciSPW].mean()+Tyy[sciSPW].mean())

    #  S o l a r  < T s r c >  t e m p e r a t u r e  e s t i m a t i o n  i n  t h e  c u r r e n t  S P W .

    TsolEst[spwCount]=(TskyEst- (1.0- eta_F+eta_l)* TbsEst
                       - eta_l* eta_F* b_2* SFtrans
                       - (1.0- eta_l)* Tamb)/ (eta_l* eta_F* transM)
    

    spwCount+=1
   
  #- ->  end fo r (sc i  SPWs)

  print("Estimated Tsun from sci SPWS: ",TsolEst)

  #  M a k e  a  n e w  i n i t i a l  g u e s s  o f  T s u n  a s  a n  a v e r a g e .

  Tsun00=TsolEst.mean()

  print("Tsun = ",Tsun00,"+/-",TsolEst.std())

  #  S e t  i t  a s  t h e  s t a r t i n g  v a l u e  f o r  i t e r a t i o n s .

  Tsun0xx=Tsun00
  Tsun0yy=Tsun00

  # - -  A v e r a g e  S o l a r - F l u x  s p e c t r u m  ( d i m e n s i o n - l e s s ,  n o r m a l i s e d  t o  1 . 0  a t  f = f _ L O )

  # I t  has  the  same d imens ions  as  spw_f reqs ,  i .e .  nAtmSPWs x  nChans

  SF=1.0+b_2/ Tsun00* np.log(spw_freqs/ f_LO)

    
  # - - -  S o l v e  t h e  l i n e a r i s e d  s e t  o f  e q u a t i o n s  f o r  d W  a n d  d B  v a r i a t i o n s .

  #     I t e r a t e  u n t i l  t h e y  h a v e  n e g l i g i b l e  m e a n  v a l u e  ( s c a n - a v e r a g e ) .

  # - -  I t e r a t i o n  s e t u p

  #  H a l f  d w  f o r  t h e  e s t i m a t i o n  o f  t h e  d T s k y / d w  b y  c e n t e r r e d  d i f f e r e n c e .

  dws=0.05

  #  S t o p p e r s  f o r  i t e r a t i v e  s o l u t i o n :  W e  s h o u l d  g e t  l e s s  t h e n  t h e s e  v a l u e s .

  dwMean_max=0.01
  dbMean_max=0.01

  #  I n i t i a l  v a l u e s  f o r  t h e  d W  a n d  d L  m e a n s  -  a n y t i n g  b i g g e r  t h e n  t h e  s t o p p e r s .

  dW_mean=0.5
  dB_mean=1.0

  #  I t e r a t i o n  c o u n t e r .

  itCount=0
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  # - -  I t e r a t i o n s :  M i n i m i z e  t h e  m e a n  v a l u e  o f  v a r i a t i o n s .

  
  while(((abs(dW_mean) > dwMean_max) or (abs(dB_mean) > dbMean_max))
        and (itCount< 20)):

    # -  P r e p a r e / r e s e t  t h e  l i n e a r i z e d  s y s t e m  o f  e q u a t i o n s .

 
    #  ( J a c o b i a n  l i n e a r i z a t i o n )  M a t r i c e s  ( s o  f a r  e m p t y  p l a c e h o l d e r s ) .

    JJ=np.array([])
     
    #  R H S  v e c t o r s  ( s o  f a r  e m p t y  p l a c e h o l d e r s ) .

    CC=np.array([])
    
    #  R e z i d u a l  m e a n  s k y  t e m p e r a t u r e  -  a f t e r  s u b t r a t c e d  b r i g h t n e s s  o f  t h e

    #  a tmosphe re  (+CMB)  and  (a t t enua ted )  sou rce .  We  keep  i t  f o r  a l l  s c i  SPWs and

    #  b o t h  p o l a r i z a t i o n s  a n d  p r i n t  i t  o u t  a t  t h e  e n d  o f  e v e r y  i t e r a t i o n  c y c l e

    #  a s  a  d i a g n o s t i c s  o f  c o n v e r g e n c e  a n d  s o l u t i o n  q u a l i t y .

  
    resTxx={}
    resTyy={}

    #  Mapp ing  be tween  spw IDs  and  the  row number  i n  the  sys tem o f  equa t ions .

    #  W e  n e e d  i t  f o r  f i n a l  d i a g n o s t i c  p l o t s .  I t  m a y  b e  n o n - t r i v i a l  a s  s o m e

    #  s p w : p o l  p a i r s  m a y  b e  f l a g g e d  a n d  i g n o r e d ,  c a s u i n g  i r r e g u l a r i t y  i n  t h e  m a p .

    spw2rowXX={}
    spw2rowYY={}

    
    #- Re-calculate ATM model  wi th updated <PWV> and <Tsun>.

    
    #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .

    myAtm.setUserWH2O(qa.quantity(w0,'mm'))

    # -  Loop  ove r  4  ATM spws  -  t hese  co r respond  to  t he  channe l - reso l ved  ACs .

    #  Some fac to rs  depend on ly  on  the  ATM mmode l ,  no t  the  sc iSPW da ta .

    f o r atmSPW i n range(nAtmSPWs):

      # -  M o d e l  v a l u e  o f  t h e  s k y / a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

      TbsW0=myAtm.getTebbSkySpec(atmSPW,qa.quantity(w0,'mm'))[1]['value']
      
      # -  S l o p e  ( c e n t e r e d  d i f f e r e n c e )  o f  t h e  a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

      TbsW0H=myAtm.getTebbSkySpec(atmSPW,
                                  qa.quantity(w0+dws,'mm'))[1]['value']
      TbsW0L=myAtm.getTebbSkySpec(atmSPW,
                                  qa.quantity(w0- dws,'mm'))[1]['value']
        
      dTdW=(TbsW0H- TbsW0L)/ (2.0* dws)

    
      # -  O p a c i t i e s  &  t r a n s m i s i v i t y .

    
      #  D r y  z e n i t h  o p a c i t y

      tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
      #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

      tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
      # Wet  opac i ty  per  1mm PWV sca led by a i rmass.
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      tau_1=airMass* tau_wet/ w0
      #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

      opacity=airMass* (tau_wet+tau_dry)
      #  T r a n s m i s s i v i t y  ( s p e c t r a l ) .

      trans=np.exp(- opacity)

    
      # -  Sens i t i v i t i e s  =  Jacob ian  e l emen ts .  We igh ted  ave rages  ove r  t he  SPW.

      #  S e n s i t i v i t y  f a c t o r s  f o r  P W V .

      SWxx[atmSPW]=(- eta_l* eta_F* Tsun0xx* np.mean(trans* tau_1* SF[atmSPW])
                    +(1.0- eta_F+eta_l)* np.mean(dTdW))

      SWyy[atmSPW]=(- eta_l* eta_F* Tsun0yy* np.mean(trans* tau_1* SF[atmSPW])
                    +(1.0- eta_F+eta_l)* np.mean(dTdW))

      
      #  S e n s i t i v i t y  f a c t o r s  f o r  t h e  ( a p p a r e n t )  s o l a r - b r i g t h n e s s  t e m p e r a t u r e .

      SBxx[atmSPW]=eta_l* eta_F* np.mean(trans* SF[atmSPW])
      SByy[atmSPW]=eta_l* eta_F* np.mean(trans* SF[atmSPW])

      #-  T_sky model .  Weighted averages over  the  SPW.

      TskyXX[atmSPW]=(eta_l* eta_F* Tsun0xx* np.mean(trans* SF[atmSPW])
                      +(1.0- eta_F+eta_l)* np.mean(TbsW0)
                      +(1.0- eta_l)* Tamb)
      
      TskyYY[atmSPW]=(eta_l* eta_F* Tsun0yy* np.mean(trans* SF[atmSPW])
                      +(1.0- eta_F+eta_l)* np.mean(TbsW0)
                      +(1.0- eta_l)* Tamb)
      
    #-->endfor(ATM spws)

    
    
    # - -  L o o p  o v e r  a l l  s c i S P W S  i n  t h e  l i s t .

    #  Coun t  t he  ac tua l  number  o f  equa t i ons  -  some  rows  may  be  f l agged .

    eqCount=0
    
    f o r sciSPW i n spwList:

      #  Map  the  sc i  SPW to  i t s  co r respond ing  ATM coun te rpa r t

      atmSPW=sciAtmMap[sciSPW]

      # -  S e p a r a t e  p r o c e d u r e  b y  p o l a r i z a t i o n s

      
      #-  Po l  XX

      
      #  F u l l  i d e n t i f i c a t o r  o f  d a t a :  s c i S P W : p o l

      sciDataID=str(sciSPW)+':XX'

      i f (sciDataID not i n flaggedData):
      
        #  S e t  t h e  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  S P W  a n d  p o l  a s  a  r o w

        #  i n  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

        JJ=np.append(JJ,[SWxx[atmSPW],SBxx[atmSPW],0.0])

        #  R H S :  T x x / T y y  w i t h  t h e i r  s t a t i o n a r y  ( A T M  m o d e l - b a s e d )  p a r t  s u b t r a c t e d .

        dTxx=Txx[sciSPW]- TskyXX[atmSPW]
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        CC=np.append(CC,dTxx)

        #  Res idua  o f  sky  t empere tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

        resTxx[sciSPW]=dTxx.mean()

        # Mapping between SPW:XX and equation number.

        spw2rowXX[sciSPW]=eqCount
        
        eqCount+=1
        
      else: print('Ignoring flagged ',sciDataID,' data.')
      # - - >  e n d i f ( n o t  f l a g g g e d )

      #-  Po l  YY

      
      #  F u l l  i d e n t i f i c a t o r  o f  d a t a :  s c i S P W : p o l

      sciDataID=str(sciSPW)+':YY'

      i f (sciDataID not i n flaggedData):
      
        #  S e t  t h e  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  S P W  a n d  p o l  a s  a  r o w

        #  i n  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

        JJ=np.append(JJ,[SWyy[atmSPW],0.0,SByy[atmSPW]])

        #  R H S :  T x x / T y y  w i t h  t h e i r  s t a t i o n a r y  ( A T M  m o d e l - b a s e d )  p a r t  s u b t r a c t e d .

        dTyy=Tyy[sciSPW]- TskyYY[atmSPW]
        CC=np.append(CC,dTyy)

        #  Res idua  o f  sky  t empere tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

        resTyy[sciSPW]=dTyy.mean()

        # Mapping between SPW:YY and equation number.

        spw2rowYY[sciSPW]=eqCount

        eqCount+=1
        
      else: print('Ignoring flagged ',sciDataID,' data.')
      # - - >  e n d i f ( n o t  f l a g g g e d )

    # - - >  e n d f o r ( a l l  s c i S p w s  i n  t h e  l i s t )

    
    
    #  Re -shape  the  ma t r i x  t o  be  nVars  x  numEqa t i ons  a r ray

    JJ=np.reshape(JJ,(eqCount,3))
  
    # Re-shape the RHS vectors  to  be nTimeSamples x  numEquat ions ar ray

    CC=np.reshape(CC,(eqCount,- 1))
 

    # -  W e  m o s t  l i k e l y  h a v e  o v e r - d e t e r m i n e d  s y s t e m .  U s e  t h e  l e a s t - s q u a r e

    #   a p p r o a c h  t o  g e t  q u a d r a t i c  f o r m  a n d  i t s  m i n i m i z e r  ( ' n o r m a l '  e q u a t i o n s ) .

    #  Transposed  mat r i ces .

    JJ_T=np.transpose(JJ)

    #  Q u a d r a t i c - f o r m  m a t r i x  3 x 3  ( w e  h a v e  t h r e e  v a r i a b l e s ) .
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    J_KK=np.matmul(JJ_T,JJ)
    
    # Modi f ied RHS (nTimeSamples x nVars)

    C_KK=np.matmul(JJ_T,CC)

    #  S o l v e  t h e  n V a r s x  x  n V a r s  s e t  o f  s o  c a l l e d  n o r m a l  e q u a t i o n s .

    varVec=np.linalg.solve(J_KK,C_KK)

    #  Decompose  the  so lu t i on  vec t ro r  to  ou r  componen ts  dW,  dBxx ,  and  dByy .

    
    dW = varVec[0]
    dBxx=varVec[1]
    dByy=varVec[2]

    # -  A l l  v a r i a t i o n s  s h o u l d  t e n d  t o  z e r o  m e a n s .

    dW_mean=dW.mean()
    dBxx_mean=dBxx.mean()
    dByy_mean=dByy.mean()

    dB_mean=np.sqrt(dBxx_mean* * 2+dByy_mean* * 2)
    
    #  U p d a t e  s t a t i o n a r y  p a r t  o f  P W V  a n d  s o l a r  T _ B   b y  m e a n s  o f  t h e i r  v a r i a t i o n s .

    w0+=dW_mean
    Tsun0xx+=dBxx_mean
    Tsun0yy+=dByy_mean

    #-  Convergence  d iagnos t i cs .

    itCount+=1
    
    #  Upda ted  scan-averaged  PWV and  Tsun  a f te r  comp le ted  i te ra t ion .

    print('....... After iteration no. ',itCount)
    print('Mean PWV for the scan,',tgtScan,' w0 = ',w0,
          ", mean Tsun (XX/YY) = ",Tsun0xx,'/',Tsun0yy)
   
    #  M e a n  v a l u e s  o f  d W  a n d  d B  f l u c t u a t i o n s  s h o u l d  t e n d  t o  z e r o .

    print("dW mean: ",dW_mean)
    print("dB mean: ",dB_mean)

    #  S k y - b r i g h t n e s s  r e s i d u a  s h o u l d  t e n d  t o  z e r o ,  t o o .

    #  C o n v e r t  t h e  s p w I d  m a p s  t o  n p . a r r a y s  f i r s t .  W e  h a v e  t o  g o  v i a  ' l i s t ' .

    resTxxArr=np.array(list(resTxx.values()))
    resTyyArr=np.array(list(resTyy.values()))
  
    print("res Txx: ", resTxx,"mean +/- RMS: ",
          resTxxArr.mean(),"+/-",resTxxArr.std())
    print("res Tyy: ", resTyy,"mean +/- RMS: ",
          resTyyArr.mean(),"+/-",resTyyArr.std())

    print('.......')

  #- ->  endwhi le (non-zero-means)     

  # - -  D i a g n o s t i c  p l o t s .

  #    M a k e  a  p l o t  c o m p a r i n g  t h e  m e a s u r e d  f l u c t u a t i o n s ,  t h e i r  p a r t  a t t r i b u t e d  t o

  #    t h e  i n t r i n s i c  b r i g h t n e s s  c h a n g e s ,  a n d  e r r o r  i n  e q s - s y s t e m  s o l u t i o n .
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  # - S e t  t h e  p l o t t i n g  d e v i c e .

  
  plt.rcParams["figure.figsize"] = (30,50)
  #  M a k e  X X  a n d  Y Y  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )       

  ff,sps=plt.subplots(3,2)

  #  X - a x i s  l a b e l  j u s t  f o r  t h e  b o t t o m  s u b - p l o t .

  sps[2,0].set_xlabel('Time [MJDsec]')
  sps[2,1].set_xlabel('Time [MJDsec]')

  #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+str(antID))

  #  C o l o r - m a p  f o r  S P W s ,  i n c l .  l i n e - s t y l e .

  # We have minimum 2 and maximum 12 SPWs in the spwList  argument.

  #  I f  w e  u s e  a l l  1 2  s p w s ,  l i n e s t y l e  c o r r e s p o n d e n c e  t o  t h e  s p w  t y p e  f o l l o w s :  

  csline={5:'-r',7:'-g',9:'-b',11:'-k',        # AC reso lved

          6:'--r',8:'--g',10:'--b',12:'--k',   #  AC  i n teg ra ted

          0:':r',1:':g',2:':b',3:':k'}         # SQLD

  
  # -  C a l c u l a t e  t h e  e r r o r s  f o r  o v e r d e t e r m i n e d  s e t  o f  e q s .

  #  S u b t r a c t  ' t h e o r e t i c a l '  a n d  r e a l  s k y + s r c  t e m p e r a t u r e  v a r i a t i o n s .

  errVec=np.matmul(JJ,varVec)- CC

  
  # -  M a k e  t h e  * a n a l y t i c a l *  p l o t s  -  l e a s t - s q u a r e  r e s i d u a l s  e t c .

  #  XX po l

  f o r spw,eqRow i n spw2rowXX.items():
    
    #  P a n e l  r o w  1 :  R e s i d u a l s / e r r o r s .

    sps[0,0].plot(time,errVec[eqRow],csline[spw])
    # Pane l  row 2 :  RHS vec tors  =  measured Tsky+src  minus  mode l  Tsky .   

    sps[1,0].plot(time,CC[eqRow],csline[spw])
    #  P a n e l  r o w  3 :  T _ b  v a r i a t i o n  c o n t r i b u t i o n  t o  t o t a l  T s k y + s r c  

    sps[2,0].plot(time,JJ[eqRow,1]* dBxx,csline[spw])

  #  YY po l

  f o r spw,eqRow i n spw2rowYY.items():
    
    #  P a n e l  r o w  1 :  R e s i d u a l s / e r r o r s .

    sps[0,1].plot(time,errVec[eqRow],csline[spw])
    # Pane l  row 2 :  RHS vec tors  =  measured Tsky+src  minus  mode l  Tsky .   

    sps[1,1].plot(time,CC[eqRow],csline[spw])
    #  P a n e l  r o w  3 :  T _ b  v a r i a t i o n  c o n t r i b u t i o n  t o  t o t a l  T s k y + s r c  

    sps[2,1].plot(time,JJ[eqRow,2]* dByy,csline[spw])

  # -  S a v e  t h e  p l o t s  t o  a  f i l e  a n d  c l o s e .

  plt.savefig(plotDir+'/errs_ant_'+str(antID)+'.png')  
  plt.show() 
  plt.close()
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  # - -  M a k e  t h e  * s o l u t i o n *  p l o t s :  d W ( t )  a n d  d B ( t ) .

 
  #  S e t  t h e  s i z e  o f  t h e  p l o t

  plt.rcParams["figure.figsize"] = (10,5)
  #  M a k e  s l o w - W V  a n d  f a s t - W V  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

  ff,(sp1,sp2)=plt.subplots(1,2)
  #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+str(antID))

  #  L e f t  p a n e l :  F a s t  v a r i a t i o n s  -  a p p a r e n t  t a r g e t  b r i g h t n e s s

  sp1.plot(time,dBxx,'-r')
  sp1.plot(time,dByy,'-b')

  #  R i g h t  p a n e l :  S l o w  v a r i a t i o n s  -  t o t a l  P W V  ( c o m p r e s s i o n  +  h u m i d i t y ) .  

  sp2.plot(time,dW,'-g')
  
  plt.savefig(plotDir+'/dWdB/dWdB_ant_'+str(antID)+'.png')  
  plt.show() 
  plt.close()

  # - -  P r e p a r e  r e s u l t i n g  d a t a  f o r  e x p o r t .

  #  A d d  v a r i a t i o n s  t o  t h e  m e a n  ( s c a n - a v e r a g e d )  v a l u e s .

  TsunXX=Tsun0xx+dBxx
  TsunYY=Tsun0yy+dByy

  pwv=w0+dW

  #  ' C o m p a c t i f y '  t h e  p e r - p o l a r i z a t i o n  a r r a y s .

  Tsun=np.array([TsunXX,TsunYY])

  return {'time':time,'pwv':pwv,'T_B':Tsun,'J':JJ,'C':CC}
  
# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdBdG(vis,atmScan,tgtScan,myAtm,antID,spwList,flaggedData=[],
           myMS=None,myMsmd=None,acdLoads=None):
  " " "

  Ex tended  dWdB_Tbs ( ) :  So l ve  f o r  an tenna  ga ins  and  i ns t r umen ta l  powe rs ,  t oo .

  

  The  mos t  comp lex  t r ea t i ng  t he  RT  p rob lem fo r  t he  Sun :  L i ke  w i t h  dWdB_Tbs ( )  we

  g e t  t h e  t i m e - s e r i e s  o f  f u l l  P W V  a n d  t h e  ( a p p a r e n t ,  i . e .  i n c l u d i n g  t h e

  a t m o s p h e r i c  l e n s i n g )  s o l a r  b r i g h t n e s s  t e m p e r a t u r e  -  a c t u a l l y  i t s  r e f e r e n c e

  v a l u e  f o r  f _ L O = 1 9 8 . 0 G H z  -  i n  X X  a n d  Y Y  p o l a r i z a t i o n s .  B u t ,  h e r e ,  w e  m o r e o v e r

  s e t  t h e  a n t e n n a  g a i n s  * G *  a n d  t h e  i n s t r u m e n t a l  p o w e r  * P _ i n s t = G * T r x + P o *  a s

  u n k n o w n  p a r a m e t e r s  t o  b e  s o l v e d  b y  t h e  e x t e n d e d  s e t  o f  e q u a t i o n s .

  R a t i o n a l e :  d W d B _ T b s ( )  s e e m s  t o  p e r f e c t l y  r e p r o d u c e  t h e  v a r i a t i o n s  i n  t h e  s o l a r

  b r i g h t n e s s  t e m e p r a t u r e  a n d  P W V :  T h e y  a r e  v e r y  s i m i l a r  i n  a l l  S P W s  i n  b o t h

  X X  a n d  Y Y  p o l a r i z a t i o n s .  Y e t ,  t h e r e  i s  a  s t a t i o n a r y  p a r t  o f  t h e  T _ B ,  w h i c h

  i s  d i f f e r e n t  a m o n g  S P W s  a n d  p o l s  -  s e e  t h e  r e s i d u u m  p l o t s .  A c t u a l l y ,  t h i s

  s t a t i c - p a r t  r e s i d u a  h a v e  b e e n  s i g n i f i c a n t l y  r e d u c e d ,  a l r e a d y  w h e n  w e  h a v e

  i n t r o d u c e d  t h e  c o r r e c t e d  A C D  c a l i b r a t i o n  m e t h o d  a c d _ c a l T a b s 2 ( )  f o r  g e t t i n g

  measu red  Tsky+s rc  f r om d i r ec t l y  r eco rded  powers :  The  imp roved  ACD ca l i b ra t i on

  f i x e s  t h e  A C - s p w  P _ o f f - b a s e d  ( i . e . ,  w i t h  s o l a r  a t t e n u a t i o n  l e v e l )  g a i n  G *

  b y  t r a n s f e r r i n g  t h e  g a i n - d r o p  l e v e l  ( g i v e n  b y  P _ o f f / P _ s k y  r a t i o )  f r o m  t h e

  ad junged  ( the  same f requency  doma in )  SQLD spw.  Hence ,  i t  l ooks  these

  d i f f e r e n c e s  a r e  d u e  t o  i m p e r f e c t  A C D  g a i n  e s t i m a t i o n :  1 %  e r r o r  i n  t h e  g a i n
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  e a s i l l y  p r o d u c e s  ~ 7 0 K  d i f f e r e n c e  i n  t h e  s o l a r  T _ B .  T h e r e f o r e ,  t h i s  m e t h o d  h a s

  b e e n  d e v i s e d  t o  t r y  t o  i m p r o v e  t h e  g a i n  c a l i b r a t i o n .

  H o w  i t  w o r k s :  W e  a s s u m e  t h a t  t h e  a n t e n n a  g a i n s  a n d  P _ i n s t  a r e  c o n s t a n t  i n  t i m e

  ove r  a  scan .  Mo reove r ,  f o r  t he  spec t ra l  AC  SPWS,  we  assume  t ha t  t he  no rma l i sed

  g a i n  g ( f ) = G ( f ) / < G ( f ) > ,  a s  u s e d  i n  a c d _ c a l T a b s 2 ( ) ,  i s  c o r r e c t l y  c a l c u l a t e d

  b y  t h e  A C D  c a l i b r a t i o n ,  a n d  h e r e  w e  c a l c u l a t e  j u s t  i t s  s c a l i n g .  H e n c e ,

  for  NT t ime-samples and NDC = nSPW x nPols  = 24 data-channels ,  we have 2xNDC

  unknown  i ns t rumen ta l  va r i ab les  (G  +  P_ ins t  pe r  SPW and  po l )  and ,  3xNT

  ' n a t u r a l '  v a r i a b l e s  ( P W V ,  T _ B _ X X ,  T _ B _ Y Y ) .  T h i s  i s  s t i l l  s i g n i f i c a n t l y  l e s s

  t h e n  n u m b e r  o f  e q u a t i o n s ,  w h i c h  i s  N T  x  N D C .  N e v e r t h e l e s s ,  t h e  m a t r i x  o f  s u c h

  s y s t e m  h a s  v e r y  h i g h  c o n d i t i o n  n u m b e r .  I t  i s  c o n n e c t e d  w i t h  t h e  f a c t  t h a t

  w e  h a v e  n o  a n c h o r  f o r  t h e  i n s t r u m e n t a l  p a r a m e t e r s  ( n a m e l y  g a i n  s c a l e ) .

  S i t u a t i o n  i s  i m p r o v e d  a  l o t  i f  w e  a d d  a  f e w  f u r t h e r  e q u a t i o n s  -  t h e  e q u a t i o n s

  f o r  t h e  A D C  c a l i b r a t i o n  -  i n t o  t h e  s y s t e m .  T h i s  w a y  w e  s o l v e  t h e  A T M - R T

  p r o b l e m  a n d  ( c o r r e c t i o n  t o )  A C D  c a l i b r a t i o n  s i m u l t a n e o u s l y .  F o r  t h a t  r e a s o n ,

  t h e  ' g r a n d '  s y s t e m  i s  r e a l l y  l a r g e  -  w e  h a v e  ( N T  +  2 )  x  N D C  e q u a t i o n s  ( a f t e r

  l i n e a r i z a t i o n  o f  t h e  N L  R T  e q u a t i o n s ) ,  w h e r e  ' + 2 '  i s  f o r  t h e  a m b i e n t -  a n d

  h o t - l o a d  A C D  c a l i b r a t i o n  e q u a t i o n s ,  s o  i t  i s  o v e r d e t e r m i n e d .  W e  u s e  t h e

  ' n o r m a l '  e q u a t i o n  a p p r o a c h ,  i . e . ,  s o l v i n g  m i n i m i z e r  f o r  t h e  q u a d r a t i c  f o r m

  o f  t h e  l e a s t - s q u a r e s .  S t i l l  t h e  n o r m a l  s q u a r e  m a t r i x  i s  o f  t h e  o r d e r

  3  x  N T  +  2  x  N D C  a n d  i t s  d i r e c t  i n v e r s i o n  t a k e s  a g e s .  H o w e v e r ,  i t  h a s  b e e n

  f o u n d  t h a t  t h e  n o r m a l  m a t r i x  f o r  t h e  e x t e n d e d  s y s t e m  ( n a t u r a l  v a r i a b l e s  +

  i n s t r u m e n t a l  p a r a m e t e r s )  c a n  b e  c o n v e n i e n t l y  i n v e r t e d  w i t h  k n o w l e d g e  o f  t h e

  ( e a s i l l y  c a l c u l a t e d )  i n v e r s i o n  o f  t h e  o r i g i n a l  m a t r i x  f o r  t h e  n a t u r a l

  v a r i a b l e s s  ( a s  u s e d  i n  d W d B _ T b s ( ) )  -  t h e  p r o c e d u r e  i s  d e m o n s t r a t e d  i n

  e x t M a t I n v ( )  a u x i l l i a r y  r o u t i n e  a t  t h e  b e g i n n i n g  o f  t h i s  s c r i p t .  L a s t l y ,

  w e  e x p r e s s  t h e  t e m p e r a t u r e s  i n  k i l o K e l v i n s  i n  o r d e r  t o  h a v e  c o m p a r a b l e

  s e n s i t i v i t i e s  f o r  d W  a d n  d T _ B  ( w h i c h  p l a y  r o l s e  o f  m a t r i x  e l e m e n t s )  a n d

  i m p r o v e  t h u s  t h e  c o n d i t i o n  n u m b e r  o f  t h e  m a t r i x .

  " " "

  # - - -  S t a t i c  p a r a m e t e r s

  # -  D i r s

  #  O u t p u t / d i a g n o s t i c s  p l o t s .

  plotDir='./sciPWVs_GP'
  i f (not os.path.exists(plotDir)): os.makedirs(plotDir)
  i f (not os.path.exists(plotDir+'/dWdB')): os.makedirs(plotDir+'/dWdB')

  
  # -  T o o l s ,  g l o b a l  d a t a

  
  #  F l a g s  u s e d  t o  c h e c k ,  w h e t h e r  w e  s h o u l d  c l o s e  t h e  t o o l  l a t e r .

  ownMS=False
  ownMsmd=False

  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMS):
    #  Open  the  ms  too l

    myMS=mstool() 
    myMS.open(vis)
    ownMS=True

  i f (not myMsmd):
    #  O p e n  t h e  m s  t o o l .

    myMsmd=msmdtool()



2.10.2026 sol_wvgcal.py 84

file:///home/barta/ALMAsol/sol_wvgcal.py

    myMsmd.open(vis)
    ownMsmd=True
    
  #  C r e a t e  o u r  d i c t i o n a r y  w i t h  A C D  l o a d  t e m p e r a t u r e s  ( a m b i e n t ,  h o t )  i f  n e e d e d .

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis, doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)

  # -  T a r g e t

  
  #  I n i t i a l  g u e s s  o f  t h e  s o l a r  b r i g h t n e s s  t e m p e r a t u r e .

  #  S D  c a l i b r a t i o n  s c r i p t :  R e f e r e n c e  T _ b  f o r  s o l a r  d i s c  c e n t e r  @ 1 9 8 G H z

  TsunCenter=6.3  #  k i l o K e l v i n s ! ! !

  #  S o l a r  r a d i u s .

  Rsun=696000 # km

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    
  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  J u l y  3 0  2 0 2 6 B a n d  5  o b s e r v a t i o n .

  ' ' '

  T a r g e t :         R A = 0 8  3 7  1 8 . 0 1  D E C = + 1 8  3 1  2 3 . 0

  Sun  cen te r :     RA=08 38  15 .79  DEC=+18 28  47 .2

  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

  d i f f  ( a r c s e c ,  i n c l .  c o s ( d e l t a ) ) :  8 2 2    1 5 5 . 8

  ' ' '

  x_h=822.0 #  a rcsec

  y_h=155.8  #  a rcsec

  
  #  E a r t h - S u n  d i s t a n c e  f o r  J u l y  3 0  2 0 2 6  B a n d  5  o b s e r v a t i o n .

  Dsun=1.01508611721886* 149597870.700 # km

  
  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  #  A p p a r e n t  a n g u l a r  s o l a r  r a d i u s  i n  a r c s e c .

  r_sol=180.0* 3600.0* Rsun/ (Dsun* np.pi)
  
  #  m u = c o s ( t h e t a ) .  U s e d  f o r  l i m b - b r i g h t e n n i n g  c o r r e c t i o n  b e l o w .

  mu=np.sqrt(1.0- (x_h* * 2+y_h* * 2)/ r_sol* * 2)
  
  #  b _ 2 = 2 . 0 * a _ 2 ,  w h e r e  a _ 2  i s  t h e  t e m p e r a t u r e  d r o p  w i t h  f r e q u e n c y  i n  E q .  ( 4 )

  #  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  S c a l e d  t o  k i l o K e l v i n s !

  b_2= -1.127 #  =  2 x  ( - 5 6 3 . 5 K )  a s  p e r  T a b l e  2  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  #  B r i g h t n e s s  t e m o e r a t u r e  c o r r e c t e d  t o  l i m b  b r i g h t e n n i n g  -  s e e

  #  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  

  Tsun00=TsunCenter+0.5* b_2* np.log(mu)

  #  R e f e r e n c e  f r e q u e n c y  f o r  t h e  s o l a r  s p e c t r u m :  W e  t a k e  t h e  L O  f r e q u e n c y  ( i n  H z )

  f_LO=1.98e11

  #- SPWs

  
  #  I n t e g r a t i o n  l i m i t s  f o r  r e s o l v e d  A C  S P W s .

  startChan=8
  stopChan=120
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  fChans=range(startChan,stopChan)
  
  #-  Antenna

  #  R e a r - s p i l l o v e r  +  o h m i c  a n t e n n a  e f f i c i e n c y  ( s e e  T a b .  3  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  eta_l=0.95
  #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y  ( T a b .  3  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  eta_F=0.90

  #  E x t r a c t  a m b i e n t  &  h o t  t e m p e r a t u r e s  f o r  t h e  c u r r e n t  a n t e n n a  a n d  s c a n .

  #  I t  d e t e r m i n e s  t h e  r e a r - s p i l l o v e r  c o n t r i b u t i o n  t o  n o i s e .

  #  S c a l e d  t o  k i l o K e l v i n s ! ! !

  Tamb = 0.001* acdLoads[antID][atmScan]['amb']
  Thot = 0.001* acdLoads[antID][atmScan]['hot']
  

  #  W e i g h t  o f  t h e  A C D  c a l i b r a t i o n  e q u a t i o n s  i n  t h e  s y s t e m .  E s s e n t i a l l y  t h e

  #  n u m b e r ,  w i t h  w h i c h  a p p e n d e d  b l o c k  o f  t h e  A C D  e q u a t i o n s  i s  r e p e a t e d  i n  o r d e r

  #  t o  b a l a n c e  t h e  m u c h  l a r g e r  s c i D a t a - e q u a t i o n s  b l o c k .  I n f i n i t y  m e a n s  t h a t

  #  t h e  i n s t r u m e n t a l  p a r a m e t e r s  G  a n d  P _ i n s t  a r e  e s s e n t i a l l y  f i x e d  a n d  g i v e n

  #  b y  r e s u l t s  o f  t h e  a c d _ c a l T a b s ( ) .  L o w  w e i g h t ,  o n  t h e  o t h e r  h a n d ,  l e a d s  t o

  #  a n  i l l - c o i n d i t i o n e d  s y s t e m .

  #  T h e  s e l e c t e d  v a l u e  o f  2 0 0  h a s  b e e n  f o u n d  e x p e r i m e n t a l l y :  W i t h  l o w e r  v a l u e

  #  w e  h a v e  a  l a r g e  e r r o r  i n  t h e  i n s t r u m e n t a l  p a r t  o f  t h e  s o l u t i o n .

  #  O n  t h e  o t h e r  h a n d ,  i n c r e a s i n g  b e y o n d  t h i s  v a l u e  i n c r e s e a s e s  t h e  e r r o r  i n

  #  t h e  n a t u r a l  p a r t  w i t h  n o  s i g n i f i c a n t  i m p r o v e m e n t  i n  t h e  i n s t r u m e n t a l  e r r o r .

  # See dWdBdG_ca lWeigh ts ( ) ,  wh ich  has  been  des igned  fo r  exer imenta t ion  w i th

  #  t he  ca lWe igh t  pa rame te r .

  calWeight=200.0
  
  #- Atmosphere

  
  # In i t ia l  guess o f  mean PWV: Scan-center  in terpo la ted ASDM_CALWVR va lue.

  pwv0=getPWVforAnt(vis,tgtScan,antID,myMsmd)['pwvAvg']

  #  S e t  i n i t i a l  e s t i m a t i o n  o f  P W V  t o  t h e  A T M  m o d e l .

  myAtm.setUserWH2O(qa.quantity(pwv0,'mm'))

  #  A i r m a s s  f o r  t h e  s o l a r  s c a n .

  airMass=myAtm.getAirMass()

  #  P r i n t  t h e  i n i t i a l  e s t i m a t e s .  T e m p e r a t u r e  t o  b e  s c a l e d  f r o m  k i l o K e l v i n s  t o  K .

  print('....... Initial estimate')
  print('Mean PWV for scan,',tgtScan,' w0 = ',pwv0,' @airMass = ',airMass)
  print('Estimated T_B = ',1000.0* Tsun00)
  print('.......')

  #- SciSPW to AtmSPW mapping.

  # How sc ience  SPWs map to  the  SPW 0  -  3  in  the  ATM too l .

  sciAtmMap={0:0,1:1,2:2,3:3,5:0,6:0,7:1,8:1,9:2,10:2,11:3,12:3}
  
  # - - -  R e a d - o u t  t h e  s k y + s r c  p o w e r s  f o r  a l l  S P W s  i n  t h e  s p w L i s t .

  #  S to re  t he  f r equency -ave raged  sky+s rc  powers  i n  a  map .

  #  spwId  ->  np .a r ray (nT imeSamples ) .  Do  no t  use  2D a r ray  as  we  index  by  the  SPW

  #  i d ,  w h i c h  i s  s p a r s e  i n  t h e  s e t  o f  i n t e g e r s .

  Pxx={}
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  Pyy={}

  # -  S i m i l a r  m a p s  f o r  t h e  g a i n s  a n d  i n s t r u m e n t a l  p o w e r s  P _ i n s t = G * T _ i n s t .

  #   H e r e ,  a l l  g a i n s  a n d  P _ i n s t  a r e ,  i n  f a c t ,  t h e  G *  a n d  P _ i n t s *  v a l u e s  f o r  t h e

  #   h i g h e r - a t t e n u a t i o n  s o l a r  r e g i m e .  I n  o r d e r  t o  a p p e n d  t h e  A C D  c a l i b r a t i o n

  #   equa t ions ,  whose  measurements  a re  pe r fo rmed  in  the  no rma-a t tenua t ion  reg ime

  #   i n  t h e  p r e c e d i n g  A T M  s c a n ,  w e  d e t e r m i n e  a l s o  t h e  a t t e n u a t i o n  f a c t o r s

  #   AF=G* /G  and  re la ted  power  o f f se t s  AO.

  
  #  F r e q u e n c y - a v e r a g e d  g a i n s .  T h e  s c a l e  f o r  t h e  s p e c t r a l - r e s o l v e d  n o r m .  g a i n s .

  Gxx={} 
  Gyy={}

  #  A t t e n u a t i o n  f a c t o r s  G / G * = ( P _ s k y - P 0 ) / ( P _ o f f - P o ) .  A t t r i b u t e d  t o  e v e r y - s p w

  #  G x x  &  G y y ,  b u t  a c t u a l l y  c a l c u l a t e d  j u s t  i n  S Q L D  s p w s ,  t h e  r e s t  i s  m a p p e d .

  AFxx={}
  AFyy={}

  afMap={0:0,1:1,2:2,3:3,5:0,6:0,7:1,8:1,9:2,10:2,11:3,12:3}

  #  A t t enua t i on -based  power  o f f se t s  AO=-Po* (P_sky -P_o f f ) / (P_o f f -Po ) .

  #  The  same  ho lds  as  f o r  t he  AFs  -  we  use  a fMap .  

  AOxx={}
  AOyy={}

  #  S p e c t r a l  g a i n  n o r m a l i z e d  t o  1 . 0 .  A c u a l  A C D - b a s e d  v a l u e s  i n  s p e c t r a l  A C  s p w s ,

  #  a  t r i v i a l  1 . 0  n d a r r a y  f o r  i n t e g r a t e d - A C  a n d  S Q L D  s p w s .

  gXX={}
  gYY={}

  # Frequency-averaged ins t rumenta l  powers .

  PIxx={}
  PIyy={}

  # -  F i n a l l y ,  t h e  r a w  A C D - c a l i b r a t i o n  p o w e r s .

  # Ambien t - load  powers .

  PxxAmb={}
  PyyAmb={}

  #  Ho t - l oad  powers .

  PxxHot={}
  PyyHot={}
  
  # - -  R e a d  t h e  d a t a  a n d  A C D  c a l i b r a t i o n  t a b l e s  i n  a  l o o p  o v e r  a l l  s c i S P W s .

  
  f o r sciSPW i n spwList:

    #-  Raw data & ACD tab les

    
    #  R e a d  r a w  s c i e n c e  p o w e r s  f o r  t h e  t a r g e t  d e f i n e d  b y  t a r g e t S c a n .

    time,P_src=tgt_pow(vis,tgtScan,antID,sciSPW,myMS=myMS,myMsmd=myMsmd,
                       subScans='on')

    PxxS=P_src[0]
    PyyS=P_src[1]
    
    #  R e a d  A C D  c a l i b r a t i o n s  -  g a i n s , T i n s t ,  a n d  c a l i b r a t i o n  p o w e r s .
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    calDict=acd_calTabs(vis,atmScan,antID,sciSPW,myMS=myMS,myMsmd=myMsmd,
                        acdLoads=acdLoads)

    Pcals=calDict['calPows']
    
    PxxAmbS=Pcals['P_amb'][0]
    PyyAmbS=Pcals['P_amb'][1]

    PxxHotS=Pcals['P_hot'][0]
    PyyHotS=Pcals['P_hot'][1]

    
    #  W e  h a v e  d i f f e r e n t  h a n d l i n g  f o r  f r e q u e n c y - r e s o l v e d  a n d  i n t e g r a t e d  S P W s .

    nChans=PxxS.shape[0]

    i f (nChans > 1):
      
      #- Resolved AC SPWs.

      #   T r i m  t h e  s p e c t r a l  e d g e s  b y  p o s i n g  t h e  i n t e g r a t i o n  l i m i t s  a n d  a v e r a g e

      #   o v e r  t h e  r e m a i n i n g  f C h a n s  c h a n n e l s .

      #  S c i e n c e - t a r g e t  p o w e r s .

      PxxM=np.mean(PxxS[fChans],axis=0)
      PyyM=np.mean(PyyS[fChans],axis=0)

      #  C a l i b r a t i o n  ( A C D )  p o w e r s .

      PxxAmbM=np.mean(PxxAmbS[fChans],axis=0)
      PyyAmbM=np.mean(PyyAmbS[fChans],axis=0)

      PxxHotM=np.mean(PxxHotS[fChans],axis=0)
      PyyHotM=np.mean(PyyHotS[fChans],axis=0)
      
      # -  I n s t r u m e n t a l  f a c t o r s .

      #   S t o r e  t h e  n o r m a l i z e d  ( t o  1 . 0 )  s p e c t r a l  g a i n s  ( a r r a y s ,  c o n s t a n t )  a n d

      #   t h e i r  s c a l e s  ( n u m b e r s ,  t o  b e  r e - f i n e d  b y  t h e  s o l v e r )  s e p a r a t e l y .  

      #  R a w  G *  g a i n s  i n  a  f u l l  S P W .  W e  m a y  f l i p  t h e  a r r a y  ( s e e  b e l o w )  s o  b e t t e r

      #  t o  d o  s o  b e f o r e  i t s  l i m i t i n g  t o  f C h a n s  -  w e e  n e e d  n o t  t o  t h i n k  w h e t h e r

      #  t h e  f C h a n s  c e n t r a l  r a n g e  i s  p l a c e d  s y m m e t r i c a l l y  w i t h n  i t s  S P W .

      #  T h e  1 s t  i n d e x  0  m e a n s  w e  p i c k  t h e  l e a d i n g  P _ o f f  s u b s c a n  -  s e e  t h e  n o t e

      #  i n  a c d _ c a l T a b s 2 ( ) .

      GxxS=1.0/ (calDict['iG*'][0,0])
      GyyS=1.0/ (calDict['iG*'][0,1])

      #  T _ i n s t  i n  f u l l  S P W .  T h e  s a m e  h o l d s  a s  f o r  G * .

      TinstXX=calDict['T_inst'][0]
      TinstYY=calDict['T_inst'][1]
      
      #  C h e c k ,  w h e t h e r  w e  n e e d  f l i p  t h e m  -  t h i s  i s  t h e  c a s e  o f  t h e  L S B  s p w s ,

      #  wh ich  have  dec reas ing  f requency  channe ls .

      spwFreqs=calDict['freqs']

      i f (spwFreqs[0] > spwFreqs[1]):
        #  R e v e r s e d  S P W ,  f l i p  t h e  g a i n  a n d  T _ i n s t  a r r a y s .

        GxxS=np.flip(GxxS)
        GyyS=np.flip(GyyS)
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        TinstXX=np.flip(TinstXX)
        TinstYY=np.flip(TinstYY)

      #  N o w  i t  i s  s a f e  t o  s e l e c t  t h e  c e n t r a l  f C h a n s  b a n d - p a s s .

      GxxS=GxxS[fChans]
      GyyS=GyyS[fChans]

      TinstXX=TinstXX[fChans]
      TinstYY=TinstYY[fChans]

      #  C a l c u l a t e  t h e  u n i t y - n o r m a l i z e d  g a i n s  b y  d i v i d i n g  o u t  t h e  m e a n  v a l u e .

      GxxM=GxxS.mean()
      GyyM=GyyS.mean()
      
      gXX[sciSPW]=GxxS/ GxxM
      gYY[sciSPW]=GyyS/ GyyM

      #  Ins t rumen ta l  power  ave raged  ove r  ou r  fChans  range .

      PIxxM=np.mean(GxxS* TinstXX)
      PIyyM=np.mean(GyyS* TinstYY)

      #  K e e p  t h e  t i m e - a x i s  o f  t h e  l a s t  r e s o l v e d  S P W  a s  a  r e f e r e n c e  t i m e b a s e ,

      #  t o  w h i c h  w e  i n t r e p o l a t e  t h e  S Q L D  s i g n a l s .

      timeBase=time
      
      
    else:
      #-  In teg ra ted  ACs  o r  SQLDs.

      #   The  s i ng le  channe l  a l r eady  rep resen t s  a  mean  ove r  t he  spw  band -pass .

      #  S i n g l e - c h a n n e l  s c i e n c e  d a t a .

      PxxM=PxxS[0]
      PyyM=PyyS[0]

      #  Channe l - i n teg ra ted  SPWs may  have  h igher  cadence .  Fo r  SQLDs  i t  i s  t rue

      #  a l w a y s ,  b u t  i t  m a y  b e  t h e  c a s e  o f  i n t e g r a t e d  A C s ,  t o o .  L e t  u s

      #  p u t  a l l  d a t a  t o  t h e  s a m e ,  s l o w e s t ,  t i m e b a s e  ( a s  p e r  r e s o v e d  A C  s p w s ) .

      #  C o m p a r e  t h e  c a d e n c e  ( e l e m e n t a r y  t i m e - s t e p ,  a . k . a .  i n t e g r a t i o n ) .

      i f ((timeBase[1]- timeBase[0]) > (time[1]- time[0])):
        
        #  I n d e e d ,  w e  h a v e  h i g h e r  c a d e n c e .  R e - b i n  i n  t i m e .

        #  U s e  t h e  t i m e B a s e  d e f i n e d  a s  a  t i m e - a x i s  f o r  r e s o l v e d  S P W .  

        PxxM=rebin2(PxxM,time,timeBase)
        PyyM=rebin2(PyyM,time,timeBase)
        time=timeBase

      # - - >  e n d i f ( h i g h e r  c a d e n c e )

      
      #  T h e  a t t e n u a t i o n  f a c t o r s  A F = ( P _ s k y - P o ) / ( P _ o f f - P o )  a n d  o f f s e t s  A O  s h o u l d

      # be,  moreover ,  ex t rac ted f rom the SQLDss (ACs use mapping a fMap

      #  d e f i n e d  a b o v e ) .   

      i f  sciSPW i n [0,1,2,3,13,14,15,16]:
        
        #  E x t r a c t  t h e  c a l i i b r a t i o n  p o w e r s  r e l e v a n t  f o r  A F  c a l c u l a t i o n
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        Patm=Pcals['P_sky']
        Poff=Pcals['P_off']
        Pzero=Pcals['P_zero']

        #  C a l c u l a t e  A F s .

        #  T h e  1 s t  i n d e x  i n  p o w e r s  i s  p o l ,  t h e  2 n d  m e a n s  ( t h e  s i n g l e )  c h a n n e l .

        AFxx[sciSPW]=(Patm[0,0]- Pzero[0,0])/ (Poff[0,0]- Pzero[0,0])
        AFyy[sciSPW]=(Patm[1,0]- Pzero[1,0])/ (Poff[1,0]- Pzero[1,0])
        
        #  Ca lcu la tes  AOs .

        AOxx[sciSPW]=Pzero[0,0]* (AFxx[sciSPW]- 1.0)
        AOyy[sciSPW]=Pzero[1,0]* (AFyy[sciSPW]- 1.0)
      #--> end i f (SQLD spws)

   
      #  C a l i b r a t i o n  d a t a .

      PxxAmbM=PxxAmbS[0]
      PyyAmbM=PyyAmbS[0]

      PxxHotM=PxxHotS[0]
      PyyHotM=PyyHotS[0]

      
      # -  I n s t r u m e n t a l  f a c t o r s .

      GxxM=1.0/ (calDict['iG*'][0,0,0])
      GyyM=1.0/ (calDict['iG*'][0,1,0])
        

      #  C r e a t e  a  f a k e  s p e c t r a l  n o r m a l i z e d  g a i n  f o r  i n t e g r a t e d  S P W s .

      #  W e  u s e  i t  i n  p r o d u c t s  w i t h  t h e  A T M  a r r a y s  ( e . g .  t r a n s m i s s i v i t y ) ,  w h i c h

      #  a r e  a l w a y s  s p e c t r a l .

      gXX[sciSPW]=np.ones(len(fChans))
      gYY[sciSPW]=np.ones(len(fChans))

      #  I n s t r u m e n t a l  p o w e r :  T h e  c h a n n e l  0  i s  t h e  a v e r a g e  a l r e a d y

      PIxxM=GxxM* calDict['T_inst'][0,0]
      PIyyM=GyyM* calDict['T_inst'][1,0]
    #- ->  end i f ( reso l ved  SPW)

        

    #  Append  the  f requency -ave rged  t ime  se r ies  fo r  each  SPW to  the  maps .

    Pxx[sciSPW]=PxxM
    Pyy[sciSPW]=PyyM

    #  T h e  c a l i b r a t i o n  p o w e r s  a r e  a l r e a d y  t i m e - a v e r a g e d .

    PxxAmb[sciSPW]=PxxAmbM
    PyyAmb[sciSPW]=PyyAmbM
    
    PxxHot[sciSPW]=PxxHotM
    PyyHot[sciSPW]=PyyHotM
    
    #  S e t  t h e  A C D - b a s e d  g a i n s  ( s c a l e s )  a n d  i n s t r u m e n t a l  c o n t r i b u t i o n s .

    Gxx[sciSPW]=GxxM
    Gyy[sciSPW]=GyyM
    
    PIxx[sciSPW]=PIxxM
    PIyy[sciSPW]=PIyyM
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    print('SPW ',sciSPW,': <Tsky+src_XX> = ',
          (Pxx[sciSPW].mean()- PIxx[sciSPW])/ Gxx[sciSPW],'+/-',
          Pxx[sciSPW].std()/ Gxx[sciSPW])
    print('         <Tsky+src_YY> = ',
          (Pyy[sciSPW].mean()- PIyy[sciSPW])/ Gyy[sciSPW],'+/-',
          Pyy[sciSPW].std()/ Gyy[sciSPW])
    
  # - - > e n d f o r ( a l l  s c i S P W s  i n  t h e  l i s t )

  
  #  S a v e  t h e  o r i g i n a l  g a i n s  a n d  i n s t r u m e n t a l  p o w e r s  f o r  c o m p a r i s o n  w i t h

  #  t h e  u p d a t e d  v a l u e s  a f t e r  t h e  s o l u t i o n .

  #  No te :  We  have  to  use  copy .deepcopy ( ) ,  t he  s imp le  ass ignmen t  ope ra to r

  #  c o p i e s  j u s t  t h e  r e f e r e n c e !

  GxxOrig=deepcopy(Gxx)
  GyyOrig=deepcopy(Gyy)

  PIxxOrig=deepcopy(PIxx)
  PIyyOrig=deepcopy(PIyy)

  # - -  D i m e n s i o n s  o f  t h e  s y s t e m .

  
  #  C o u n t  t h e  S P W  i n  t h e  l i s t .

  numSpw=len(spwList)
  #  C o u n t  t h e  t i m e  s a m p l e s  i n  d a t a .

  nSamples=len(time)

  #  How many  ne t  equa t i ons  do  we  have  pe r  b lock  o f  1  t ime-samp le .

  #  B e  c a r e f u l l :  D o  n o t  f l a g  t h e  d a t a  t h a t  a r e  * n o t *  p r e s e n t  i n  t h e  s p w L i s t !

  eqBlockSize=2* numSpw- len(flaggedData)
  

  #  T h e  d a t a  h a s  b e e n  r e a d - o u t ,  w e  m a y  c l o s e  t h e  ( l o c a l )  t o o l s .

  i f (ownMsmd): myMsmd.done()
  i f (ownMS): myMS.close()
 
  # - -  A r r a y s  f o r  c a l c u l a t i o n s  o f  t h e  m a t r i x  a n d  t h e  R H S - v e c t o r  c o m p o n e n t s

  #    o f  t h e  l i n e a r i z e d  s y s t e m  t h a t  d e p e n d  j u s t  o n  t h e  m o d e l s  ( A T M  +  q u i e t  S u n ) .

  #  Number  o f  t he  mode l  spec t ra l  w indows .

  nAtmSPWs=myAtm.getNumSpectralWindows()
  #  Number  o f  a l l  channe ls  i n  t he  mode l  SPWs.

  nChans=myAtm.getNumChan(0)
  #  Number  o f  cen t ra l  band -pass  (w i t h  edges  t r immed)  channe l s .  

  cChans=len(fChans)
  
  #  F requenc ies  o f  channe l s  i n  ou r  mode l  SPWs  ( cen t ra l  band -pass  on l y ) .

  spw_freqs=np.zeros((nAtmSPWs,cChans))

  f o r atmSpw i n range(nAtmSPWs):
    
    fMin=myAtm.getMinFreq(atmSpw)['value'][0]* 1.0e9 # GHz to Hz

    df=myAtm.getChanSep(atmSpw)['value'][0]* 1.0e6   # MHz to Hz

    
    spw_freqs[atmSpw]=(fMin+df* np.arange(nChans))[fChans]
   
  # Atmosphere  (+CMB)  br igh tness  tempera tu re  fo r  PWV=w0 and i t s  s lope .

  #  P l a c e - h o l d e r s ,  t o  b e  c a l c u l a t e d  i n s i d e  i t e r a t i o n s .
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  TbsW0=np.zeros((nAtmSPWs,cChans))
  dTdW=np.zeros((nAtmSPWs,cChans))

  #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .  P l a c e - h o l d e r s .

  trans=np.zeros((nAtmSPWs,cChans))
  tau_1=np.zeros((nAtmSPWs,cChans))

  #  Ave rage  So la r -F lux  spec t rum:  QSR mode l  no rma l i sed  to  1 .0  a t  f = f_LO.

  SF=1.0+b_2/ Tsun00* np.log(spw_freqs/ f_LO)

    
  # - - -  S o l v e  t h e  l i n e a r i s e d  s e t  o f  e q u a t i o n s  f o r  d W  a n d  d B  v a r i a t i o n s .

  #     I t e r a t e  u n t i l  t h e y  h a v e  n e g l i g i b l e  m e a n  v a l u e  ( s c a n - a v e r a g e ) .

  # - -  I t e r a t i o n  s e t u p

  #  H a l f  d w  f o r  t h e  e s t i m a t i o n  o f  t h e  d T s k y / d w  b y  c e n t e r r e d  d i f f e r e n c e .

  dws=0.05

  #  S t o p p e r s  f o r  i t e r a t i v e  s o l u t i o n :  W e  s h o u l d  g e t  l e s s  t h e n  t h e s e  v a l u e s .

  dwMean_max=0.01   # mm

  dbMean_max=0.001  #  k i l o K e l v i n

  #  I n i t i a l  v a l u e s  f o r  t h e  d W  a n d  d L  m e a n s  -  a n y t i n g  b i g g e r  t h e n  t h e  s t o p p e r s .

  dW_mean=0.5
  dB_mean=0.5

  #  I t e r a t i o n  c o u n t e r .

  itCount=0

  #  S e t  t h e  s t a r t i n g  v a l u e s  f o r  i t e r a t i o n s .

  w0=pwv0
  Tsun0xx=Tsun00
  Tsun0yy=Tsun00

  # - -  I t e r a t i o n s :  M i n i m i z e  t h e  m e a n  v a l u e  o f  v a r i a t i o n s .

  
  while(((abs(dW_mean) > dwMean_max) or (abs(dB_mean) > dbMean_max))
        and (itCount< 20)):

    # - -  P r e p a r e / r e s e t  t h e  l i n e a r i z e d  s y s t e m  o f  e q u a t i o n s .

    # -  R e p e a t i n g  b l o c k s / t i l e s  f o r  e a c h  t i m e - s a m p l e

    
    #  N - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d W , d T _ B x x , d T _ B y y ]  ' n a t u r a l '  v a r i a b l e s .

    J_wb=np.zeros((eqBlockSize,3)) #  3  v a r s  r e p e a t i n g  i n  a l l  s p w s  

    #  G - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d G , d P _ i n s t ]  ' i n s t r u m e n t a l '  v a r i a b l e s .

    J_gp=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  va rs  pe r  each  SPW:Po l .

    #  A - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d G , d P _ i n s t ]  f o r  A C D  c a l i b r a t i o n  p o w e r s .

    J_cdA=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  va rs  pe r  SPW:Po l ,  amb ien t .  

    J_cdH=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  v a r s  p e r  S P W : P o l ,  h o t .

    #  R H S  v e c t o r  f o r  a l l  t i m e  s a m p l e s  s t a c k e d  a s  a  m a t r i x .

    CC=np.zeros((eqBlockSize,nSamples))
    #  R H S - v e c t o r  ' a p p e n d i x '  -  a m b .  &  h o t  A C D  c a l i b r a t i o n  p o w e r s  ( t i m e - a v e r a g e d ) .

    CCA=np.zeros((eqBlockSize,1))
    CCH=np.zeros((eqBlockSize,1))
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    #  R e z i d u a l  m e a n  s k y  t e m p e r a t u r e  -  a f t e r  s u b t r a t c e d  b r i g h t n e s s  o f  t h e

    #  a tmosphe re  (+CMB)  and  (a t t enua ted )  sou rce .  We  keep  i t  f o r  a l l  s c i  SPWs and

    #  b o t h  p o l a r i z a t i o n s  a n d  p r i n t  i t  o u t  a t  t h e  e n d  o f  e v e r y  i t e r a t i o n  c y c l e

    #  a s  a  d i a g n o s t i c s  o f  c o n v e r g e n c e  a n d  s o l u t i o n  q u a l i t y .

  
    resTxx={}
    resTyy={}

    #  Mapp ing  be tween  spw IDs  and  the  row number  i n  the  sys tem o f  equa t ions .

    #  W e  n e e d  i t  f o r  f i n a l  d i a g n o s t i c  p l o t s .  I t  m a y  b e  n o n - t r i v i a l  a s  s o m e

    #  s p w : p o l  p a i r s  m a y  b e  f l a g g e d  a n d  i g n o r e d ,  c a s u i n g  i r r e g u l a r i t y  i n  t h e  m a p .

    spw2rowXX={}
    spw2rowYY={}
    
    #- Re-calculate ATM model  wi th updated <PWV> and <Tsun>.

    
    #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .

    myAtm.setUserWH2O(qa.quantity(w0,'mm'))

    # -  Loop  ove r  4  ATM spws  -  t hese  co r respond  to  t he  channe l - reso l ved  ACs .

    #   C a l c u l a t e  f a c t o r s  d e p e n d e n t  o n l y  o n  t h e  m m o d e l ,  n o t  t h e  d a t a .

    f o r atmSPW i n range(nAtmSPWs):

      # -  M o d e l  v a l u e  o f  t h e  s k y / a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

      Tebb=myAtm.getTebbSkySpec(atmSPW, qa.quantity(w0,'mm'))[1]['value']
      #  L i m i t  t h e  s p e c t r u m  t o  t h e  c e n t r a l  f C h a n s  r e a g i o n  a s  w e  h a v e  t r i m m e d

      #  the  edge  channe ls  in  ACD-based  spec t ra l  no rma l i zed  ga in  gXX/gYY.

      #  S c a l e  t o  k i l o K e l v i n s .

      TbsW0[atmSPW]=0.001* Tebb[fChans]

      # -  S l o p e  ( c e n t e r e d  d i f f e r e n c e )  o f  t h e  a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

      TebbH=myAtm.getTebbSkySpec(atmSPW,
                                 qa.quantity(w0+dws,'mm'))[1]['value'][fChans]
      TebbL=myAtm.getTebbSkySpec(atmSPW,
                                 qa.quantity(w0- dws,'mm'))[1]['value'][fChans]

      #  I n  k i l o K e l v i n s / m m

      dTdW[atmSPW]=0.001* (TebbH- TebbL)/ (2.0* dws)

      # -  O p a c i t i e s  &  t r a n s m i s i v i t y .

    
      #  D r y  z e n i t h  o p a c i t y

      tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
      #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

      tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
      #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

      opacity=airMass* (tau_wet+tau_dry)
     
      #  T r a n s m i s s i v i t y  ( s p e c t r a l ) .  L i m i t t e d  t o  f C h a n s .

      trans[atmSPW]=np.exp(- opacity[fChans])
      #  Wet  opac i t y  pe r  1mm PWV sca led  by  a i rmass .  L im i t t ed  to  fChans .

      tau_1[atmSPW]=(airMass/ w0)* tau_wet[fChans]
      
    #--> endfor(modelSPWs)

    # -  L o o p  o v e r  a l l  S C I  s p w s  -  c o m b i n e  m o d e l - o n l y  d e p e n d e n t  f a c t o r s  w i t h

    #   s c i S P W - d e p e n d e n t  d a t a  a n d  i n s t r u m e n t a l  f a c t o r s  a n d  b u i l d  t h e  s y s t e m .
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    #  Coun t  t he  ac tua l  number  o f  equa t i ons  -  some  rows  may  be  f l agged .

    eqCount=0

    f o r sciSPW i n spwList:

      #  Map  the  sc i  SPW to  i t s  co r respond ing  ATM coun te rpa r t

      atmSPW=sciAtmMap[sciSPW]

      # -  M o d e l  ( _ M )  f a c t o r s .

      #  T e b b  a n d  i t s  s l o p e .

      TbsW0_M=TbsW0[atmSPW]
      dTdW_M=dTdW[atmSPW]

      #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .

      trans_M=trans[atmSPW]
      tau_1M=tau_1[atmSPW]

      #  S o l a r - f l u x  m o d e l  s p e c t r u m  ( n o r m a l i z e d ) .

      SF_M=SF[atmSPW]

      # -  S e p a r a t e  p r o c e d u r e  b y  p o l a r i z a t i o n s  f o r  c o m b i n a t i o n  w i t h  r e a l  d a t a .

      
      #-  Po l  XX

      
      #  F u l l  i d e n t i f i c a t o r  o f  d a t a :  s c i S P W : p o l

      sciDataID=str(sciSPW)+':XX'

      i f (sciDataID not i n flaggedData):

        # -  M o d e l  +  i n s t r u m e n t a l  f a c t o r s  c o m b i n e d .

        
        #  S e n s i t i v i t y  f a c t o r  f o r  P W V .

        SWxx=(- eta_l* eta_F* Tsun0xx* np.mean(gXX[sciSPW]* trans_M* tau_1M* SF_M)
              +(1.0- eta_F+eta_F* eta_l)* np.mean(gXX[sciSPW]* dTdW_M))* Gxx[sciSPW]

        #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r - b r i g t h n e s s  t e m p e r a t u r e .

        SBxx=Gxx[sciSPW]* eta_l* eta_F* np.mean(gXX[sciSPW]* trans_M* SF_M)

        #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  s p e c t r a l  g a i n  g X X .

        TskyXX=(eta_l* eta_F* Tsun0xx* np.mean(trans_M* SF_M* gXX[sciSPW])
                +(1.0- eta_F+eta_F* eta_l)* np.mean(TbsW0_M* gXX[sciSPW])
                +eta_F* (1.0- eta_l)* Tamb)
          
        # -  B u i l d  t h e  m a t r i x :  N a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .

        
        #  S e t  t h e  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  S P W  a n d  p o l  a s  a  r o w

        #  i n  t h e  b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

        J_wb[eqCount]=np.array([SWxx,SBxx,0.0])

        # -  B u i l d  t h e  m a t r i x :  I n s t r u m e n t a l  ( G  &  P _ i n s t  s e n s i t i v i t i e s )  b l o c k .

        
        #  W e  h a v e  t o  p r e p e n d  a  p r o p e r  o f f s e t  f o r  t h e  G  a n d  P _ i n s t  v a r s  a s

        #  t h e y  a r e  i n d e p e n d e n d t  f o r  e a c h  S P W  a n d  p o l a r i z a t i o n .

        bOffset=2* eqCount
        
        J_gp[eqCount,bOffset]=1.0
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        J_gp[eqCount,bOffset+1]=TskyXX

        # -  B u i l d  t h e  m a t r i x :  A C D  p o w e r s  ( a m b  &  h o t )  2 - b l o c k .

        #  A m b i e n t - p o w e r  s u b - b l o c k .  S c a l e  b e t w e e n  t h e  G *  /  P _ i n s t *  u s e d  i n

        #  J _ w b  a n d  J _ g p ,  a n d  G  /  P _ i n s t  u s e d  i n  t h e  A C D  c a l  e q u a t i o n s  b y  t h e

        #  a t t enua t i on  f ac to r  AF=G* /G=(P_sky -Po ) / (P_o f f -Po )

        af=AFxx[afMap[sciSPW]]
        
        J_cdA[eqCount,bOffset]=af
        J_cdA[eqCount,bOffset+1]=af* Tamb

        #  Ho t -power  sub -b lock .

        J_cdH[eqCount,bOffset]=af
        J_cdH[eqCount,bOffset+1]=af* Thot

        # -  B u i l d  t h e  R H S  v e c t o r :  T a r g e t  d a t a

                
        #  R H S :  P x x ( t )  w i t h  t h e i r  s t a t i o n a r y  ( i n  t h e  w o r k i n g  p o i n t )  i n s t r u m e n t a l

        # and  ATM-based  par ts  sub t rac ted .

        dPxx=Pxx[sciSPW]- PIxx[sciSPW]- Gxx[sciSPW]* TskyXX

        #  Se t  i t  as  t he  RHS componen t .

        CC[eqCount]=dPxx

        # -  Ammend  the  RHS vec to r :  Ca l i b ra t i on  da ta .

        #  A t t e n u a t i o n - b a s e d  p o w e r  o f f s e t .

        aoff=AOxx[afMap[sciSPW]]
        
        #  A m b i e n t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

        CCA[eqCount]=PxxAmb[sciSPW]- af* PIxx[sciSPW]- af* Gxx[sciSPW]* Tamb+aoff
        #  H o t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

        CCH[eqCount]=PxxHot[sciSPW]- af* PIxx[sciSPW]- af* Gxx[sciSPW]* Thot+aoff

        # -  D i a g n o s t i c s

        
        #  Res idua  o f  sky  t empere tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

        resTxx[sciSPW]=dPxx.mean()/ Gxx[sciSPW]

        # Mapping between SPW:XX and equation number.

        spw2rowXX[sciSPW]=eqCount
        
        eqCount+=1
        
      else: print('Ignoring flagged ',sciDataID,' data.')
      # - - >  e n d i f ( n o t  f l a g g g e d )

      #-  Po l  YY

      
      #  F u l l  i d e n t i f i c a t o r  o f  d a t a :  s c i S P W : p o l

      sciDataID=str(sciSPW)+':YY'

      i f (sciDataID not i n flaggedData):

        # -  M o d e l  +  i n s t r u m e n t a l  f a c t o r s  c o m b i n e d .

        
        #  S e n s i t i v i t y  f a c t o r  f o r  P W V .
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        SWyy=(- eta_l* eta_F* Tsun0yy* np.mean(gYY[sciSPW]* trans_M* tau_1M* SF_M)
              +(1.0- eta_F+eta_F* eta_l)* np.mean(gYY[sciSPW]* dTdW_M))* Gyy[sciSPW]

        #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r - b r i g t h n e s s  t e m p e r a t u r e .

        SByy=Gyy[sciSPW]* eta_l* eta_F* np.mean(gYY[sciSPW]* trans_M* SF_M)

        #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  s p e c t r a l  g a i n  g Y Y .

        TskyYY=(eta_l* eta_F* Tsun0yy* np.mean(trans_M* SF_M* gYY[sciSPW])
                +(1.0- eta_F+eta_F* eta_l)* np.mean(TbsW0_M* gYY[sciSPW])
                +eta_F* (1.0- eta_l)* Tamb)
          
        # -  B u i l d  t h e  m a t r i x :  N a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .

        
        #  S e t  t h e  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  S P W  a n d  p o l  a s  a  r o w

        #  i n  t h e  b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

        J_wb[eqCount]=np.array([SWyy,0.0,SByy])

        # -  B u i l d  t h e  m a t r i x :  I n s t r u m e n t a l  ( G  &  P _ i n s t  s e n s i t i v i t i e s )  b l o c k .

        
        #  W e  h a v e  t o  p r e p e n d  a  p r o p e r  o f f s e t  f o r  t h e  G  a n d  P _ i n s t  v a r s  a s

        #  t h e y  a r e  i n d e p e n d e n d t  f o r  e a c h  S P W  a n d  p o l a r i z a t i o n .

        bOffset=2* eqCount
        
        J_gp[eqCount,bOffset]=1.0
        J_gp[eqCount,bOffset+1]=TskyYY

        # -  B u i l d  t h e  m a t r i x :  A C D  p o w e r s  2 - b l o c k .

        
        #  A t t e n u a t i o n  f a c t o r  G * / G .

        af=AFyy[afMap[sciSPW]]

        # Ambien t -power  sub-b lock .

        J_cdA[eqCount,bOffset]=af
        J_cdA[eqCount,bOffset+1]=af* Tamb

        #  Ho t -power  sub -b lock .

        J_cdH[eqCount,bOffset]=af
        J_cdH[eqCount,bOffset+1]=af* Thot       

        # -  B u i l d  t h e  R H S  v e c t o r :  T a r g e t  d a t a .

                
        #  R H S :  P y y ( t )  w i t h  t h e i r  s t a t i o n a r y  ( i n  t h e  w o r k i n g  p o i n t )  i n s t r u m e n t a l

        # and  ATM-based  par ts  sub t rac ted .

        dPyy=Pyy[sciSPW]- PIyy[sciSPW]- Gyy[sciSPW]* TskyYY

        #  Se t  i t  as  t he  RHS componen t .

        CC[eqCount]=dPyy

        # -  Ammend  the  RHS vec to r :  Ca l i b ra t i on  da ta .

        
        #  A t t e n u a t i o n - b a s e d  p o w e r  o f f s e t .

        aoff=AOyy[afMap[sciSPW]]

        #  A m b i e n t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

        CCA[eqCount]=PyyAmb[sciSPW]- af* PIyy[sciSPW]- af* Gyy[sciSPW]* Tamb+aoff
        #  H o t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

        CCH[eqCount]=PyyHot[sciSPW]- af* PIyy[sciSPW]- af* Gyy[sciSPW]* Thot+aoff
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        # -  D i a g n o s t i c s

        
        #  Res idua  o f  sky  t empere tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

        resTyy[sciSPW]=dPyy.mean()/ Gyy[sciSPW]

        # Mapping between SPW:YY and equation number.

        spw2rowYY[sciSPW]=eqCount
        
        eqCount+=1
        
      else: print('Ignoring flagged ',sciDataID,' data.')
      # - - >  e n d i f ( n o t  f l a g g g e d )

    # - - >  e n d f o r ( a l l  s c i  S P W s )

    
    #  N o w ,  t h e  e q C o u n t  s h o u l d  b e  t h e  s a m e  a s  e q B l o c k S i z e .  J u s t  c h e c k  i t .

    i f (eqCount ! = eqBlockSize):
      print("******* Ooops, something is wrong !*******")
      print("   The expected number of equations does not correspond to the")
      print("   number of measured and non-flagged SPWs/polarization channels.")
      return False

    #- -  Grand  sys tem assemb ly  and  i nve rs ion  by  pa r t s .  We  use  the  app roach  f rom

    #    e x t M a t I n v ( )  f o r  i n v e r s i o n  o f  e x t e n d e d - s y s t e m  m a t r i x .  T h e  p r o c e d u r e

    #    pe r fo rmed  he re  l ooks  mys te r i ous  ( somet imes  a  fac to r  nSamp les  emerges  o r

    #    t h e  R H S  v e c t o r  s u m m e d  o v e r  t i m e - s a m p l e s ) ,  b u t  a l l  d i r e c t l y  i m p l i e s  f r o m

    #    a p p l i c a t i o n  o f  t h e  i n v e r t e d  m a t r i x  o f  e x t e n d e d  g r a n d - s y s t e m  ( p r e s e r v e d

    #    i n  t he  commen ted  sec t i on  be low)  t o  t he  RHS vec to r .  We  use  advan tage  o f

    #    t h e  s y m m e t r y  o f  t h e  o r i g i n a l  g r a n d - s y s t e m  m a t r i x  ( J J _ K ^ T = J J _ K ) .

    #    A d v a n t a g e :  T h i s  b l o c k - d e c o m p o s e d  s o l u t i o n  i s  O ( n s ^ 1 )  i n  t h e  n u m b e r  o f

    #    t i m e - s a m p l e s ,  w h i l e  t h e  ' b r u t a l - f o r c e '  d i r e c t  m e t h o d  i n  t h e  c o m m e n t e d

    #    s e c t i o n  b e l o w  s c a l e s  a s  O ( n s ^ 3 )  a n d  t a k e s  a g e s . . .  

    
    # -  C a l c u l a t e  t h e  s m a l l - b l o c k  m a t r i c e s  a n d  t h e i r  i n v e r s i o n s  n e e d e d  f o r

    #   g r a n d - s y s t e m  i n v e r s i o n .

    #  N a t u r a l  ( N - b l o c k )  m a t r i c e s .

    J_wb_T=np.transpose(J_wb)
    J_K=np.matmul(J_wb_T,J_wb)
    J_K_inv=np.linalg.inv(J_K)

    #  G a i n / P _ i n s t  ( G - b l o c k )  m a t r i c e s .

    J_gp_T=np.transpose(J_gp)
    
    #  ACD rows  (A -b lock )  ma t r i ces .

    #  C a l c u l a t e  t r a n s p o s i t i o n s  p e r  s u b - b l o c k  ( a m b i e n t / h o t ) .

    #  A t t e n t i o n ! ! !  N u m P y ' s  t r a n s p o s e ( )  m a k e s  j u s t  a n o t h e r  v i e w  o f  a  m a t r i x ,

    #  we  have  t o  make  a  copy ,  o the rw i se  subsequen t  sca l i ng  wou ld  sca le  t he

    #  o r i g i n a l  J _ c d A  m a t r i x ,  t o o !

    J_cdA_T=np.transpose(J_cdA).copy()
    J_cdH_T=np.transpose(J_cdH).copy()

    #  I n c r e a s e  i m p o r t a n c e  o f  t h e  A C D  r o w s  b y  c a l i b r a t i o n  w e i g h t .

    #  O n l y  t h e  t r a n s p o s e d  A - b l o c k  m a t r i c e s  s h o u l d  b e  s c a l e d  u p !

    J_cdA_T*=calWeight
    J_cdH_T*=calWeight
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    #  C o m p o s e  t h e  f u l l  b l o c k  a n d  i t s  t r a n s p o s i t i o n .  T h e  t r a n s p o s i t i o n  t o  b e

    #  s c a l e d  u p  -  s e e  a b o v e .  O r ,  a l t e r n a t i v e l l y ,  i t  c a n  b e  b u i l t  a s

    #  np .hs tack ( [ J_cdA_T ,J_cdH_T ] )  f r om a l ready  sca led -up  t ransposed  sub -b locks .

    J_cd=np.vstack([J_cdA,J_cdH])
    J_cd_T=calWeight* np.transpose(J_cd)

    # -  B a s e - m a t r i x  e x t e n s i o n s .

    
    #  R i g h t  a n d  l o w e r  b a n d s :  T h e i r  ( n E q s  x  3 )  a n d  ( 3  x  n E q s )  r e p e a t i n g  b l o c k s .

    Rb=np.matmul(J_wb_T,J_gp)    
    Lb=np.transpose(Rb)
    
    #  L o w e r - r i g h t  c o r n e r

    LRc=nSamples* np.matmul(J_gp_T,J_gp)+np.matmul(J_cd_T,J_cd)

    # -  F r e q u e n t l y  r e p e a t i n g  m a t r i x  p r o d u c t s .  C f .  w i t h  e x t M a t I n v ( )  a b o v e .

    #  A i n v  x  R b  a n d  L b  x  A i n v

    AinvRb=np.matmul(J_K_inv,Rb)
    LbAinv=np.transpose(AinvRb)
       
    # -  S c h u r  c o m p l e m e n t  a n d  i t s  i n v e r s i o n .

    SC=LRc- nSamples* np.matmul(Lb,AinvRb)
    SC_inv=np.linalg.inv(SC)

    # -  B l o c k s  o f  i n v e r t e d  g r a n d - s y s t e m  m a t r i x .

    #  S t a r t  w i t h  t h e  l o w e r - l e f t  b l o c k  a s  i t  r e p e a t s  i n  u p p e r - l e f t  b l o c k ,  t o o .

    Minv21= -np.matmul(SC_inv,LbAinv)
     
    #  U p p e r - l e f t  b l o c k :  O f f - d i a g o n a l  t e r m s .  T h e  d i a g o n a l  b l o c k s  d i f f e r  j u s t

    # by  added J_K_ inv .

    Minv11_OD= -np.matmul(AinvRb,Minv21)
   
    #  U p p e r - r i g h t  b l o c k .

    Minv12=np.transpose(Minv21)

    #  L o w e r - r i g h t  b l o c k .

    Minv22=SC_inv

    # - -  A p p l y  t h e  i n v e r t e d  m a t r i x  c o m p o n e n t s  t o  t h e  R H S  v e c t o r .

    
    # Sum o f  the  RHS a long  the  t ime ax is ,  keep ing  the  SPW:POL d imens ion .

    #  P r e s e r v e  t h e  n u m b e r  o f  m a t r i x  r o w s ,  j u s t  s u m  t h e i r  c o n t e n t s ,  i . e .  m a k e

    #  t h e  s i n g l e - c o l u m n  m a t r i x .

    CCsum=np.reshape(CC.sum(axis=1),(- 1,1))

    # -  F o r m  t h e  R H S  v e c t o r  f o r  t h e  n o r m a l  e q u a t i o n s  ( K - f o r m  m i n i m i z e r ) ,

    #   i . e ,  m u l t i p l y  t h e  r a w  d a t a  b y  J J _ T  

    #  S t a r t  w i t h  t h e  n a t u r a l - v a r i a b l e s  d W  a n d  d B  p a r t .

    C_K_wb=np.matmul(J_wb_T,CC)      #  3  x  nSamp les  mat r i x

    #  M a k e  t h e  s a m e  a l s o  f o r  i t s  t i m e - s u m .

    C_K_wb_sum=np.matmul(J_wb_T,CCsum)   #  3  x  1

    
    #  F o l l o w  w i t h  t h e  i n s t r u m e n t a l  p a r t .

    C_K_gp=(np.matmul(J_gp_T,CCsum)      # 2*eqCount  x  1
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            +np.matmul(J_cdA_T,CCA)
            +np.matmul(J_cdH_T,CCH))

    # -  A p p l y  b l o c k s  o f  t h e  i n v e r t e d  J J _ K ^ ( - 1 )  m a t r i x  t o  t h e  C _ K  R H S  v e c t o r .

    #  C o n s t a n t  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r  ( 3  x  1 )

    nvConst=np.matmul(Minv11_OD,C_K_wb_sum)+np.matmul(Minv12,C_K_gp)

    #  T i m e - v a r y i n g  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r .  I t  c o m e s  f r o m  t h e

    #  add i t i on  to  the  M inv11  d iagona l - te rms  (see  comment  above  a t  M inv11_OD) .

    nvVar=np.matmul(J_K_inv,C_K_wb)  # 3 x nSamples 

    #  C o m p o s e  t h e  c o m p l e t e  n a t u r a l  v a r i a b l e s  v e c t o r .

    varNat=nvVar+nvConst

    #  I n s t r u m e n t a l  v a r i a b l e s .  T h e  r e s u l t  i s  o f  2 * e q B l o c k S i z e  x  1  s h a p e .

    varInst=np.matmul(Minv21,C_K_wb_sum)+np.matmul(Minv22,C_K_gp)

    # -  R e s h a p e  t h e  r e s u l t s  -  e x t r a c t  o u r  e l e m e n y t a r y  v a r i a b l e s .

    
    #  Seapara te  t he  na tu ra l - va rs  componen ts .

    dW = varNat[0]
    dBxx=varNat[1]
    dByy=varNat[2]
    
    #  R e s h a p e  i n s t r u m e n t a l  p a r a m e t e r s  t o  t w o  r o w s  ( t r a n s p o s e ) :  1 s t  i s  d P _ i n s t ,

    # the 2nd dG, one component per SPW:POL.

    dPG=np.transpose(np.reshape(varInst,(eqBlockSize,2)))

    #  E x t r a c t  t h e  s h i f t s  i n  t h e  P _ i n s t  a n d  G  

    dPinst=dPG[0]    
    dGinst=dPG[1]

    # -  A n a l y t i c s :  C a l c u l a t e  t h e  e r r o r s  f o r  t h e  o v e r - d e t e r m i n e d  s e t  o f  e q s .

    #  e r r = A . x - b :  S c i - d a t a  p a r t .

    errVec=np.matmul(J_wb,varNat)+np.matmul(J_gp,varInst)- CC
    #  X i  s q u a r e  f o r  t h e  s c i - d a t a  p a r t .  

    xiSci=np.sum(errVec* errVec)
    
    
    #  e r r = A . x - b :  A C D - d a t a  p a r t .

    errVecACDamb=np.matmul(J_cdA,varInst)- CCA
    errVecACDhot=np.matmul(J_cdH,varInst)- CCH
    #  X i  s q u a r e  f o r  t h e  a c d - d a t a  p a r t .  

    xiACD=np.sum(errVecACDamb* errVecACDamb)+np.sum(errVecACDhot* errVecACDhot)
  
    #  G r a n d - t o t a l  X i - s q u a r e  n o r m a l i z e d  t o  t h e  n u m b e r  o f  e q u a t i o n s  ( s c i / a c d ) .

    xiSquare=xiSci/ nSamples+xiACD/ calWeight
    
    ' ' '

    # - - >  T h i s  i s  t h e  b r u t a l - f o r c e  s t r a i g h t f o r w a r d  m e t h o d  f o r  g r a n d - s y s t e m

    #     a s s e m b l y  a n d  s o l u t i o n .  I t  w o r k s ,  b u t  t a k e s  a g e s .  I t  i s  k e p t  h e r e  f o r

    #     f a c i l i t a t i o n  o f  u n d e r s t a n d i n g  o f  t h e  a b o v e  e f f i c e n t  b u t  b i t  m y s t e r i o u s

    #     p r o c e d u r e ,  w h i c h  s o l v e s  t h e  g r a n d - s y s t e m  m a t r i x  i n v e r s i o n  b l o c k - w i s e ,

    #     u s i n g  t h e  m e t h o d  e x p l a i n e d  i n  e x t M a t I n v ( ) .

    # - -  L o o p  o v e r  t i m e  s a m p l e s :  G r a n d - s y s t e m  a s s e m b l y .  
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    #  G r a n d  s y s t e m  m a t r i x  ( p l a c e h o l d e r / r e s t a r t ) .

    JJ=np .ze ros ( (0 ,2*eqCoun t+3*nSamples ) )

    #  T h e  R H S  v e c t o r :  W e  h a v e  a s s e m b l e d  i t  a l r e a d y ,  j u s t  n e e d s  t o  b e  r e - s h a p e d

    #  f r o m  t h e  f o r m  o f  b l o c k - m a t r i x  e q B l o c k S i z e  x  n S a m p l e s  t o  a  1 - c o l u m n  m a t r i x .

    #  W e  n e e d  t o  c h a n g e  t h e  o r d e r  o f  e l e m e n t s :  F i r s t  b y  S P W : P O L  c h a n n e l ,  o n l y

    #  a f t e r  t h a t  b y  t i m e  ( s o  f a r  i t  i s  r e v e r s e d )  -  t h a t  i s  t h e  r e a s o n  f o r

    #  t r a n s p o s i n g  f i r s t .

    CC=np . reshape (np . t r anspose (CC) , ( - 1 , 1 ) )

    #  A p p e n d  t h e  a m b i e n t -  a n d  h o t - l o a d  p o w e r s .  S c a l e  t h e m  u p  b y  s q r t ( c a l W e i g h t ) .

    s c U p = s q r t ( c a l W e i g h t )

    CC=np.append(CC,[scUp*CCA,scUp*CCH])

    

    

    f o r  t t  i n  r a n g e ( n S a m p l e s ) :

      #  C o m p o s e  a  b l o c k - r o w  o f  t h e  g r a n d  m a t r i x .

      J J _ r o w = n p . h s t a c k ( [ n p . z e r o s ( ( e q B l o c k S i z e , 3 * t t ) ) , J _ w b ,

                        n p . z e r o s ( ( e q B l o c k S i z e , 3 * ( n S a m p l e s - t t - 1 ) ) ) , J _ g p ] )

      #  A p p e n d  i t  t o  t h e  g r a n d  m a t r i x .

      J J = n p . v s t a c k ( [ J J , J J _ r o w ] )

    # - - >  e n d f o r ( t - s a m p l e s )

    # -  A p p e n d  t h e  A C D - r e l a t e d  r o w s .

    #  S c a l e - u p  t h e  c a l i b r a t i o n  m a t r i c e s  b y  t h e  f a c t o r  s q r t ( c a l W e i g h t ) .

    J_cdA*=scUp

    J_cdH*=scUp

    #  C o m p o s e  t h e  f u l l  A C D  b l o c k .

    J _ c d = n p . v s t a c k ( [ J _ c d A , J _ c d H ] )

  

    #  F o r m  t h e  A C D - e q u a t i o n s  r o w .

    J J_ row=np .hs tack ( [ np . ze ros ( (2 *eqB lockS i ze ,3 *nSamp les ) ) , J_cd ] )

    J J = n p . v s t a c k ( [ J J , J J _ r o w ] )

    

    # - -  G r a n d  s y s t e m  s o l u t i o n  -  b r u t a l

    # -  M a k e  a  s e t  o f  n o r m a l  e q u a t i o n s  ( q u a d r a t i c - f o r m  m i n i m i z e r ) .

    J J _ T = n p . t r a n s p o s e ( J J )

    J_KK=np.matmu l (JJ_T,JJ )

    J J _ i n v = n p . l i n a l g . i n v ( J _ K K )

    C_KK=np.matmul(JJ_T,CC)

    # -  S o l v e  t h e  q u a d r a t i c - f o r m  m i n i m i z e r .

    va rVec=np . l i na l g . so l ve ( J_KK ,C_KK)
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    # -  D e c o m p o s e  t h e  s o l u t i o n  t o  t h e  i n s t r u m e n t a l  a n d  n a t u r a l  p a r t s  a n d  r e - f o r m

    #   t h e m  i n t o  p r o p e r  s h a p e s .

    va rNa tu r=va rVec [0 :3 *nSamp les ]

    v a r I n s t = v a r V e c [ 3 * n S a m p l e s : ]

    

    #  P _ i n s t  a n d  G  f o r  e a c h  n o n - f l a g g e d  S P W : P o l  c h a n n e l .

    d P G = n p . t r a n s p o s e ( n p . r e s h a p e ( v a r I n s t , ( e q B l o c k S i z e , 2 ) ) )

    #  E x t r a c t  t h e  s h i f t s  i n  t h e  P _ i n s t  a n d  G  

    d P i n s t = d P G [ 0 ]     

    d G i n s t = d P G [ 1 ]

    #  d W ,  d B x x ,  a n d  d B y y  v a r i a t i o n s  f o r  e a c h  t i m e  s a m p l e .

    #  D o  t r a n s p o s e  -  m a k e  t h e  v a r i a t i o n s  t i m e - s e r i e s  t o  b e  m a t r i x  r o w s .

    va rNa tu r=np . t r anspose (np . reshape (va rNa tu r , ( nSamp les ,3 ) ) )

    #  N o w  w e  c a n  e a s i l l y  d e c o m p o s e  t h e  t i m e  s e r i e s .

    d W  =  v a r N a t u r [ 0 ]

    d B x x = v a r N a t u r [ 1 ]

    d B y y = v a r N a t u r [ 2 ]

    # -  A n a l y t i c s :  C a l c u l a t e  t h e  e r r o r s  f o r  o v e r d e t e r m i n e d  s e t  o f  e q s .

    #  e r r = A . x - b

    e r rVec=np .matmu l (JJ ,va rVec) -CC 

    #  L i m i t  t h e  e r r o r r s  t o  ' n a t u r a l '  v a r i a b l e s .

    e r rVec=er rVec [0 :nSamp les*eqB lockS ize ]

    #  R e s h a p e  t h e  l o n g  c o l u m n  v e c t o r  t o  t h e  a r r a y  o f  e q B l o c k S i z e  v e c t o r s ,

    #  e a c h  r e p r e s e n t i n g  t h e  n S a m p l e s  t i m e  s e r i e s .

    e r rVec=np . t ranspose (np . reshape(e r rVec , (nSamp les ,eqB lockS ize ) ) )

 

    # - - >  E n d  o f  t h e  b r u t a l - f o r c e  m e t h o d

    ' ' '

    
    # -  A l l  v a r i a t i o n s  s h o u l d  t e n d  t o  z e r o  m e a n s .

    dW_mean=dW.mean()
    dBxx_mean=dBxx.mean()
    dByy_mean=dByy.mean()

    dB_mean=np.sqrt(dBxx_mean* * 2+dByy_mean* * 2)
    
    #  U p d a t e  s t a t i o n a r y  p a r t  o f  P W V  a n d  s o l a r  T _ B   b y  m e a n s  o f  t h e i r  v a r i a t i o n s .

    w0+=dW_mean
    Tsun0xx+=dBxx_mean
    Tsun0yy+=dByy_mean

    #  U p d a t e  a l s o  t h e  P _ i n s t  a n d  G  b y  t h e  f o u n d  d i f f e r e n c e s .

    #  S t a r t  w i t h  X X  p o l .

    f o r sciSPW,eqCount i n spw2rowXX.items():
      #  Upda te  t he  P_ ins t  and  G .

      PIxx[sciSPW]+=dPinst[eqCount]
      Gxx[sciSPW]+=dGinst[eqCount] 
    # - - >  e n d f o r ( S P W s  w i t h  v a l i d  X X  p o l )

    #  Y Y  p o l .



2.10.2026 sol_wvgcal.py 101

file:///home/barta/ALMAsol/sol_wvgcal.py

    f o r sciSPW,eqCount i n spw2rowYY.items():      
      #  Upda te  t he  P_ ins t  and  G .

      PIyy[sciSPW]+=dPinst[eqCount]
      Gyy[sciSPW]+=dGinst[eqCount]   
    # - - >  e n d f o r ( S P W s  w i t h  v a l i d  Y Y  p o l )

    #-  Convergence  d iagnos t i cs .

    
    itCount+=1
    
    #  Upda ted  scan-averaged  PWV and  Tsun  a f te r  comp le ted  i te ra t ion .

    print('vvvvvvv\n After iteration no. ',itCount)
    print('\nMean PWV for the scan,',tgtScan,' w0 = ',w0,
          ", mean Tsun (XX/YY) = ",Tsun0xx,'/',Tsun0yy)
   
    #  M e a n  v a l u e s  o f  d W  a n d  d B  f l u c t u a t i o n s  s h o u l d  t e n d  t o  z e r o .

    print("dW mean: ",dW_mean)
    print("dB mean: ",dB_mean)

    #  S k y - b r i g h t n e s s  r e s i d u a  s h o u l d  t e n d  t o  z e r o ,  t o o .

    #  C o n v e r t  t h e  s p w I d  m a p s  t o  n p . a r r a y s  f i r s t .  W e  h a v e  t o  g o  v i a  ' l i s t ' .

    #  S c a l e  b a c k  f o r m  k i l o K e l v i n s  t o  K e l v i n s .

    resTxxArr=1000.0* np.array(list(resTxx.values()))
    resTyyArr=1000.0* np.array(list(resTyy.values()))
  
    print("\nres Txx: ", resTxxArr,"\nmean +/- RMS: ",
          resTxxArr.mean(),"+/-",resTxxArr.std())
    print("\nres Tyy: ", resTyyArr,"\nmean +/- RMS: ",
          resTyyArr.mean(),"+/-",resTyyArr.std())

    print("\nInstrumental characteristics shift [dP_inst, dG]:",dPinst,dGinst)

    print('^^^^^^^\n\n')

  # - - >  e n d w h i l e ( n o n - z e r o - m e a n s )  /  e n d  o f  m a i n  i t e r a t i o n  l o o p .    

  # - -  D i a g n o s t i c  p l o t s .

  #    M a k e  a  p l o t  c o m p a r i n g  t h e  m e a s u r e d  f l u c t u a t i o n s ,  t h e i r  p a r t  a t t r i b u t e d  t o

  #    t h e  i n t r i n s i c  b r i g h t n e s s  c h a n g e s ,  a n d  e r r o r  i n  e q s - s y s t e m  s o l u t i o n .

  # - S e t  t h e  p l o t t i n g  d e v i c e .

  
  plt.rcParams["figure.figsize"] = (30,20)
  #  M a k e  X X  a n d  Y Y  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )       

  ff,sps=plt.subplots(1,2)

  #  X - a x i s  l a b e l  j u s t  f o r  t h e  b o t t o m  s u b - p l o t .

  sps[0].set_xlabel('Time [MJDsec]')
  sps[1].set_xlabel('Time [MJDsec]')

  #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+str(antID))

  #  C o l o r - m a p  f o r  S P W s ,  i n c l .  l i n e - s t y l e .

  # We have minimum 2 and maximum 12 SPWs in the spwList  argument.

  #  I f  w e  u s e  a l l  1 2  s p w s ,  l i n e s t y l e  c o r r e s p o n d e n c e  t o  t h e  s p w  t y p e  f o l l o w s :  

  csline={5:'-r',7:'-g',9:'-b',11:'-k',        # AC reso lved

          6:'--r',8:'--g',10:'--b',12:'--k',   #  AC  i n teg ra ted
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          0:':r',1:':g',2:':b',3:':k'}         # SQLD

    
  # -  M a k e  t h e  * a n a l y t i c a l *  p l o t s  -  l e a s t - s q u a r e  r e s i d u a l s  e t c .

  #  XX po l

  f o r spw,eqRow i n spw2rowXX.items():
    #  P a n e l  r o w  1 :  R e s i d u a l s / e r r o r s  s c a l e d  t o  t e m p e r a t u r e  i n  K e l v i n s .

    sps[0].plot(time,1000.0* errVec[eqRow]/ Gxx[spw],csline[spw])

  #  YY po l

  f o r spw,eqRow i n spw2rowYY.items():
    #  P a n e l  r o w  1 :  R e s i d u a l s / e r r o r s  s c a l e d  t o  t e m p e r a t u r e  i n  K e l v i n s .

    sps[1].plot(time,1000.0* errVec[eqRow]/ Gyy[spw],csline[spw])
 
  # -  S a v e  t h e  p l o t s  t o  a  f i l e  a n d  c l o s e .

  plt.savefig(plotDir+'/errs_ant_'+str(antID)+'.png')  
  plt.show() 
  plt.close()

  # - -  M a k e  t h e  f u l l - s o l u t i o n  p l o t s :  P W V ( t )  a n d  T _ b ( t ) .

  #  A d d  v a r i a t i o n s  t o  t h e i r  t i m e - a v e r a g e s .  T e m p e r a t u r e s  a r e  s c a l e d  b a c k

  #  f r o m  k i l o K e l v i n s  t o  K e l v i n s .

  pwv=w0+dW
  TsunXX=1000.0* (Tsun0xx+dBxx)
  TsunYY=1000.0* (Tsun0yy+dByy)

  #  S e t  t h e  s i z e  o f  t h e  p l o t

  plt.rcParams["figure.figsize"] = (10,5)
  #  M a k e  s l o w - W V  a n d  f a s t - W V  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

  ff,(sp1,sp2)=plt.subplots(1,2)
  #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+str(antID))

  #  L e f t  p a n e l :  A p p a r e n t  t a r g e t  b r i g h t n e s s  p e r  p o l a r i z a t i o n .

  sp1.plot(time,TsunXX,'-r')
  sp1.plot(time,TsunYY,'-b')

  #  R igh t  pane l :  PWV.  

  sp2.plot(time,pwv,'-g')
  
  plt.savefig(plotDir+'/dWdB/dWdB_ant_'+str(antID)+'.png')  
  plt.show() 
  plt.close()

  #- -  Show,  how much  the  i ns t rumen ta l  va r i ab les  G  and  P_ ins t  have  changed .

  #  T h e  i n s t r u m e n t a l  c h a r a c t e r i s t i c s  a r e  m a p s ,  w e  c a n n o t  p r o c e s s  t h e m  a s  a r r a y s .

  GxxChange={}
  GyyChange={}

  PIxxChange={}
  PIyyChange={}

  f o r spw i n spw2rowXX.keys():
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    GxxChange[spw]=(Gxx[spw]- GxxOrig[spw])/ GxxOrig[spw]   
    PIxxChange[spw]=(PIxx[spw]- PIxxOrig[spw])/ PIxxOrig[spw]
 
  f o r spw i n spw2rowYY.keys():
 
    GyyChange[spw]=(Gyy[spw]- GyyOrig[spw])/ GyyOrig[spw]
    PIyyChange[spw]=(PIyy[spw]- PIyyOrig[spw])/ PIyyOrig[spw]
    
  print("---")

  print("G_xx relative changes:", GxxChange)
  print("G_yy relative change:",GyyChange)

  print("---")

  print("P_inst XX relative change:",PIxxChange)
  print("P_inst YY relative change:",PIyyChange)
  
  print("---")

  #  P r i n t  t o t a l  q u a d r a t i c  e r r o r  f o r  t h e  v a r i a b l e s .

  print("\n======= Xi-squares =======     SCI: ",xiSci,
        ", ACD:",xiACD,
        ", Total:", xiSquare,"\n")

  
  # - -  E x p o r t  t h e  r e s u l t s .

  #  ' C o m p a c t i f y '  t h e  p e r - p o l a r i z a t i o n  T _ B  a r r a y s .

  Tsun=np.array([TsunXX,TsunYY])
  
  return {'time':time,'pwv':pwv,'T_B':Tsun,'J':J_wb,'C':CC}
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdBdG2(vis,atmScan,tgtScan,myAtm,antID,spwList,T_tgt= -1.0e6,
            flaggedData=[],myMS=None,myMsmd=None,acdLoads=None):
  " " "

  The  dWdBdG( )  ex tended  by  a  bond  to  the  expec ted  t ime-averaged  ta rge t

  b r i g h t n e s s  t e m p e r a t u r e  * T _ t g t *  ( i n  K e l v i n s ) .

  R a t i o n a l e :  W h e n  o b s e r v i n g  t h e  t a r g e t ,  e . g .  t h e  S u n ,  w e  e x p e c t  t o  o b t a i n  t h e

  s a m e  v a l u e  o f  i t s  t i m e - a v e r a g e d  b r i g h t n e s s  t e m p e r a t u r e  a t  a l l  a n t e n n a s .

  T h e  t i m e  v a r i a t i o n s  o f  T _ B  m i g h t  b e  a  b i t  d i f f e r e n t  p e r  a n t e n n a  d u e  t o

  s c i n t i l l a t i o n ,  b u t  t h e  t i m e  a v e r a g e  o v e r  ~ 7 m i n u t e  s c a n  s h o u l d  g i v e  t h e  s a m e

  v a l u e .  I f  w e  u s e  d W d B d G ( ) ,  w h i c h  c a l c u l a t e s  T _ B ( t )  i n d e p e n d e n t l y  p e r

  a n t e n n a  ( a n d  y e t  p e r  X X / Y Y  p o l a r i z a t i o n ) ,  i t  i s  n o t  v e r y  t r u e :  T h e  T _ B s

  a r e  s o m e h o w  c e n t e r r e d  a r o u n d  t h e  t h e o r e t i c a l  v a l u e  c a l c u l a t e d  b y  A l i s s a n d r i k i s

  f o r m u l a  ( s e e  b e l o w  i n  t h e  c o d e )  b u t  t h e y  h a v e  p e r - a n t e n n a  s c a t t e r r i n g  a r o u n d

  t h a t  v a l u e  w i t h  R M S  ~ 2 0 0  K  -  s e e  F i g .  1 1  i n  P R 1 6 .  F o r  t h a t  s a k e ,  w e  c o m p l e t e

  o u r  g r a n d - s y s t e m  o f  e q u a t i o n s ,  d e s c r i b e d  i n  d W d B d G ( ) ,  y e t  b y  t w o  a d d i t i o n a l

  e q u a t i o n s  ( o n e  p e r  p o l a r i z a t i o n ) ,  w h i c h  e n f o r c e  t h a t  t h e  < T _ B ( t ) _ X X / Y Y >  e q u a l s

  t o  t h e  p r e s c r i b e d  v a l u e  o f  * T _ t g t * ,  i f  i t  i s  s u p p l i e d  ( t h e  d e f a u l t  v a l u e  - 1 M K

  m e a n s  " d o  n o t  u s e  i t " ) .  
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  Imp lemen ta t i on :  The  new equa t ions  make  the  g rand-sys tem ye t  more  comp l i ca ted ,

  n a m e l y ,  t h e  ' n a t u r a l '  p a r t  o f  t h e  ( J ^ T  x  J )  m a t r i x  i s  n o  l o n g e r  b l o c k - d i a g o n a l

  b u t  s t i l l  i t  i s  p o s s s i b l e  t o  i n v e r t  t h e  m a t r i x  r e l a t i v e l l y  ' c h e a p '  w a y .

  I n  a d d i t i o n  t o  N - ,  G ,  a n d  A -  b l o c k s ,  k n o w m  f r o m  d W d B d G ( ) ,  w e  i n t r o d u c e  y e t

  t h e  M - b l o c k  f o r  t h e  t w o  a d d i t i o o n a l  " M e a n "  ( o v e r  t h e  a r r a y )  e q u a t i o n s .

  S i m i l a r l y  t o  t h e  A - b l o c k  e q u a t i o n s ,  t h a t  e n f o r c e  f u l f i l l i n g  o f  t h e  A C D

  c a l i b r a t i o n  e q u a l i t i e s ,  a n d  t h e  ' r e l a t i v e  s t r e n g t h ' ,  o f  h o w  m u c h  w e  p u s h  t o

  t h e  A C D  e q u a t i o n s  t o  b e  e x a c t l y  f u l f i l l e d ,  i s  e x p r e s s e d  b y  t h e  f a c t o r

  ' c a l W e i g h t ' ,  h e r e  w e  i n t r o d u c e  a  f a c t o r  ' m W e i g h t ' ,  w h i c h  q u a n t i f i e s  t h e

  r e l a t i v e  s t r e n g t h  o f  t h e  < T _ B ( t ) ^ X X / Y Y > = T _ t g t  i n  t h e  g r a n d - t o t a l  s y s t e m  o f

  e q u a t i o n s .

  M o r e o v e r :

  1 .  B a s e d  o n  t h e  r e s u l t s  s h o w n  i n  t h e  P R 1 6 ,  F i g .  1 1 ,  w e  h a v e  i n t r o d u c e d

  a  b i t  m o d i f i e d  a n t e n n a  e f f i c i e n c i e s ,  s e t  b y  a n t e n n a  t y p e  ( C M ,  D A ,  a n d  D V ) .

  T h e  g o a l  i s  t o  d i m i n i s h  a p p a r e n t  s y s t e m a t i c  ( i . e  b y  a n t e n n a  t y p e )  < T _ B ( t ) >

  v a r i a t i o n s  -  t h e  ' s t e p s '  i n  F i g .  1 1 / P R 1 6 .  T h e  r e l a t i v e  a n t e n n a  e f f i c i e n c i e s

  h a v e  b e e n  s t u d i e d  a l s o  i n  t h e  X L S  t a b l e  p r o j e c t 2 2 _ 2 5 _ T b . o d s .

  2 .  S Q L D  s p w s  h a v e  s i g n i f i c a n t k y  s h o r t e r  i n t e g r a t i o n s  a n d  t h e r e f o r e  a l s o

  r e c e i v e d  p o w e r s  a n d  g a i n s  ( b e c a u s e  G = d P / d T ) .  I n  o r d e r  t o  c o m p e n s a t e  t h i s ,

  w e  s c a l e  a l l  e q u a t i o n s  b y  t h e  g a i n s ,  i . e . ,  w e  e x p r e s s  t h e m  i n  t e m p e r a t u r e s .

  

  3 .  A  n e w  d i a g n o s t i c  t o o l  h a s  b e e n  a d d e d  i n  o r d e r  t o  a u t o - d e t e c t  c o r r u p t e d

  d a t a .  I t  i s  b a s e d  o n  t h e  e r r o r - v e c t o r  p e r  S P W / p o l  c h a n n e l .  T h e  S P W : P o l

  d a t a  w i t h  e x t r e m e  e r r o r  a r e  n o w  r e p o r t e d ,  i n  f u t u r e  v e r s i o n  t h e y  w i l l  b e

  a u t o - f l a g g e d .

  " " "

  # - - -  S t a t i c  p a r a m e t e r s

  # -  D i r s

  #  O u t p u t / d i a g n o s t i c s  p l o t s .

  plotDir='./sciPWVs_gt'
  i f (not os.path.exists(plotDir)): os.makedirs(plotDir)
  i f (not os.path.exists(plotDir+'/dWdB')): os.makedirs(plotDir+'/dWdB')

  
  # -  T o o l s ,  g l o b a l  d a t a

  
  #  F l a g s  u s e d  t o  c h e c k ,  w h e t h e r  w e  s h o u l d  c l o s e  t h e  t o o l  l a t e r .

  ownMS=False
  ownMsmd=False

  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMS):
    #  Open  the  ms  too l

    myMS=mstool() 
    myMS.open(vis)
    ownMS=True

  i f (not myMsmd):
    # Open the  msmd too l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
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    ownMsmd=True
    
  #  C r e a t e  o u r  d i c t i o n a r y  w i t h  A C D  l o a d  t e m p e r a t u r e s  ( a m b i e n t ,  h o t )  i f  n e e d e d .

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis, doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)
    
  #-  Antenna

  antNames=myMsmd.antennanames()
  myAntName=antNames[antID]
  antType=myAntName[:2]

  #  M a p  t h e  a n t e n n a  e f f i c i e n c i e s  b y  a n t e n n a  t y p e .  A s  p e r  i n v e s t i g a t i o n  f r o m

  # merged T_sun tempera tures  fo rm 2023 and 2026 data  (p ro jec t_22_25_Tb.ods) .

  eta_l_map={'CM':0.941,'DA':0.947,'DV':0.956}
  eta_F_map={'CM':0.891,'DA':0.897,'DV':0.906}

  #  R e a r - s p i l l o v e r  +  o h m i c  a n t e n n a  e f f i c i e n c y  -  s e e  p r o j e c t _ 2 2 _ 2 5 _ T b . o d s

  eta_l=eta_l_map[antType]
  #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y  -  s e e  p r o j e c t _ 2 2 _ 2 5 _ T b . o d s

  eta_F=eta_F_map[antType]

  #  W e  h a v e  t w o  e x c e p t i o n  t h a t  s e e m  t o  h a v e  s y s t e m a t i c a l l y  l o w e r

  #  an tenna  e f f i c ienc ies :  DA64  and  DV08  -  see  p ro jec t_22_25_Tb .ods

  i f  myAntName=='DA64':
    eta_l=0.929
    eta_F=0.880
  i f  myAntName=='DV08':
    eta_l=0.943
    eta_F=0.894

  #  E x t r a c t  a m b i e n t  &  h o t  t e m p e r a t u r e s  f o r  t h e  c u r r e n t  a n t e n n a  a n d  s c a n .

  #  I t  d e t e r m i n e s  t h e  r e a r - s p i l l o v e r  c o n t r i b u t i o n  t o  n o i s e .

  #  S c a l e d  t o  k i l o K e l v i n s ! ! !

  Tamb = 0.001* acdLoads[antID][atmScan]['amb']
  Thot = 0.001* acdLoads[antID][atmScan]['hot']
  
  #  O p t i m i z e d  w e i g h t  o f  t h e  A C D  c a l i b r a t i o n  e q u a t i o n s  i n  t h e  s y s t e m .

  # Search mark in dWdBdG2(): CW_1

  calWeight=1.0e5

  # -  T a r g e t :  T h e  S u n  b y  d e f a u l t  b u t  w e  c a n  h a n d l e  t h e  n o n - s o l a r  s c a n s ,  t o o .

  #  1 .  W h a t  t y p e  o f  t a r g e t  d o  w e  h a v e :  T h e  S u n  o r  c a l i b r a t o r  ( i . e . ,  t h e  s k y e s ) ?

  
  #  A l l  S u n  s c a n s .

  solScans=myMsmd.scansforintent('OBSERVE_TARGET#ON_SOURCE')
  solarTgt=(tgtScan i n solScans)

  #  2 .  T h e  s o l a r  t a r g e t  ( t h e  d e f a u l t ) .

  
  #  I n i t i a l  g u e s s  o f  t h e  s o l a r  b r i g h t n e s s  t e m p e r a t u r e .

  #  S D  c a l i b r a t i o n  s c r i p t :  R e f e r e n c e  T _ b  f o r  s o l a r  d i s c  c e n t e r  @ 1 9 8 G H z

  TsunCenter=6.300  #  k i l o K e l v i n s ! ! !
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  #  S o l a r  r a d i u s .

  Rsun=696000 # km

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    
  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  D e c  2 0 2 3  B a n d  5  o b s e r v a t i o n .

  x_h=928.0 #  a rcsec

  y_h=87.0  #  a rcsec

  #  Ea r t h -Sun  d i s t ance  f o r  Dec  2023  Band  5  obse rva t i on .

  Dsun=1.4723338439337283e8 # km

  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  " " "

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    

  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  J u l y  3 0  2 0 2 6  B a n d  5  o b s e r v a t i o n .

  ' ' '

  T a r g e t :         R A = 0 8  3 7  1 8 . 0 1  D E C = + 1 8  3 1  2 3 . 0

  Sun  cen te r :     RA=08 38  15 .79  DEC=+18 28  47 .2

  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

  d i f f  ( a r c s e c ,  i n c l .  c o s ( d e l t a ) ) :  8 2 2    1 5 5 . 8

  ' ' '

  x_h=822 .0  #  a rcsec

  y _ h = 1 5 5 . 8   #  a r c s e c

  

  #  E a r t h - S u n  d i s t a n c e  f o r  J u l y  3 0  2 0 2 6  B a n d  5  o b s e r v a t i o n .

  Dsun=1.01508611721886*149597870.700 # km

  

  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  " " "

  
  #  A p p a r e n t  a n g u l a r  s o l a r  r a d i u s  i n  a r c s e c .

  r_sol=180.0* 3600.0* Rsun/ (Dsun* np.pi)
  
  #  m u = c o s ( t h e t a ) .  U s e d  f o r  l i m b - b r i g h t e n n i n g  c o r r e c t i o n  b e l o w .

  mu=np.sqrt(1.0- (x_h* * 2+y_h* * 2)/ r_sol* * 2)
  
  #  b _ 2 = 2 . 0 * a _ 2 ,  w h e r e  a _ 2  i s  t h e  t e m p e r a t u r e  d r o p  w i t h  f r e q u e n c y  i n  E q .  ( 4 )

  #  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  S c a l e d  t o  k i l o K e l v i n s !

  b_2= -1.127 #  =  2 x  ( - 5 6 3 . 5 K )  a s  p e r  T a b l e  2  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  #  B r i g h t n e s s  t e m o e r a t u r e  c o r r e c t e d  t o  l i m b  b r i g h t e n n i n g  -  s e e

  #  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  

  Tsun00=TsunCenter+0.5* b_2* np.log(mu)

  #  We igh t  o f  t he  a r ray -mean  equa t i on  <T_B( t )>=T_ tg t_a r rayMean  i n  t he  sys tem.

  #  I f  T _ t g t  i s  n o t  e x p l i c i t l y  s e t  ( t h e  d e f a u l  v a l u e  i s  - 1 M K ) ,  d o  n o t  a p p l y

  #  t h i s  e q u a t i o n  a t  a l l .  T h i s  c a n  b e  a c h i e v e d  b y  s e t t i n g  i t s  w e i g h t  t o  0 .

  i f (T_tgt < - 10000.0):
    #  D o  n o t  a p p l y  T _ t g t  b o n d .  I f  m W e i g h t  i s  z e r o ,  T _ t g t  i s  i r r e l e v a n t .

    T_tgt=0.0
    mWeight=0.0
  else:
    #  W e  u s e  k i l o K e l v i n s  i n  c a l c u l a t i o n s ,  r e - s c a l e  T _ t g t  t o  k K ,  t o o .
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    T_tgt*=0.001
    #  S e t  t h e  e x p e r i m e n t a l l y  f o u n d  o p t i m i z e d  m W e i g h t .

    # Search mark in dWdBdG2(): MW_1

    mWeight=5000.0  

  #  3 .  S p e c i f i c  h a n d l i n g  o f  n o n - s o l a r  s c a n s  -  o v e r r i d e  t h e  s o l a r  d e f a u l t s .

  i f (not solarTgt):

    print("dWdBdG2(): Non-solar target. Setting the target T_B to zero.")
    
    T_tgt=0.0
    mWeight=5000.0  

    #  N o  s o l a r  r a d i a t i o n  i s  f a l l i n g  i n t o  a n t e n n a .

    Tsun00=0.0
    
  # - - > e n d i f ( n o n - s o l a r  t a r g e t )

  #- SPWs

  #  L O  f r e q u e n c y .  W e  t a k e  i t  a s  a  r e f e r e n c e  f r e q u e n c y  f o r  t h e  s o l a r  s p e c t r u m .

  f_LO=1.98e11 #  i n  H z

  #  I n t e g r a t i o n  l i m i t s  f o r  r e s o l v e d  A C  S P W s .

  startChan=8
  stopChan=120
  
  fChans=range(startChan,stopChan)
    
  #- Atmosphere

  
  # In i t ia l  guess o f  mean PWV: Scan-center  in terpo la ted ASDM_CALWVR va lue.

  pwv0=getPWVforAnt(vis,tgtScan,antID,myMsmd)['pwvAvg']

  #  S e t  i n i t i a l  e s t i m a t i o n  o f  P W V  t o  t h e  A T M  m o d e l .

  myAtm.setUserWH2O(qa.quantity(pwv0,'mm'))

  #  A i r m a s s  f o r  t h e  s o l a r  s c a n .

  airMass=myAtm.getAirMass()

  #  P r i n t  t h e  i n i t i a l  e s t i m a t e s .  T e m p e r a t u r e  t o  b e  s c a l e d  f r o m  k i l o K e l v i n s  t o  K .

  print('....... Initial estimate')
  print('Mean PWV for scan,',tgtScan,' w0 = ',pwv0,' @airMass = ',airMass)
  print('Estimated T_B = ',1000.0* Tsun00)
  print('.......')

  #- SciSPW to AtmSPW mapping.

  # How sc ience  SPWs map to  the  SPW 0  -  3  in  the  ATM too l .

  sciAtmMap={0:0,1:1,2:2,3:3,5:0,6:0,7:1,8:1,9:2,10:2,11:3,12:3}
  
  # - - -  R e a d - o u t  t h e  s k y + s r c  p o w e r s  f o r  a l l  S P W s  i n  t h e  s p w L i s t .

  #  S to re  t he  f r equency -ave raged  sky+s rc  powers  i n  a  map .

  #  spwId  ->  np .a r ray (nT imeSamples ) .  Do  no t  use  2D a r ray  as  we  index  by  the  SPW

  #  i d ,  w h i c h  i s  s p a r s e  i n  t h e  s e t  o f  i n t e g e r s .

  Pxx={}
  Pyy={}
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  # -  S i m i l a r  m a p s  f o r  t h e  g a i n s  a n d  i n s t r u m e n t a l  p o w e r s  P _ i n s t = G * T _ i n s t .

  #   H e r e ,  a l l  g a i n s  a n d  P _ i n s t  a r e ,  i n  f a c t ,  t h e  G *  a n d  P _ i n t s *  v a l u e s  f o r  t h e

  #   h i g h e r - a t t e n u a t i o n  s o l a r  r e g i m e .  I n  o r d e r  t o  a p p e n d  t h e  A C D  c a l i b r a t i o n

  #   equa t ions ,  whose  measurements  a re  pe r fo rmed  in  the  no rma-a t tenua t ion  reg ime

  #   i n  t h e  p r e c e d i n g  A T M  s c a n ,  w e  d e t e r m i n e  a l s o  t h e  a t t e n u a t i o n  f a c t o r s

  #   AF=G* /G  and  re la ted  power  o f f se t s  AO.

  
  #  F r e q u e n c y - a v e r a g e d  g a i n s .  T h e  s c a l e  f o r  t h e  s p e c t r a l - r e s o l v e d  n o r m .  g a i n s .

  Gxx={} 
  Gyy={}

  #  A t t e n u a t i o n  f a c t o r s  G / G * = ( P _ s k y - P 0 ) / ( P _ o f f - P o ) .  A t t r i b u t e d  t o  e v e r y - s p w

  #  G x x  &  G y y ,  b u t  a c t u a l l y  c a l c u l a t e d  j u s t  i n  S Q L D  s p w s ,  t h e  r e s t  i s  m a p p e d .

  AFxx={}
  AFyy={}

  afMap={0:0,1:1,2:2,3:3,5:0,6:0,7:1,8:1,9:2,10:2,11:3,12:3}

  #  A t t enua t i on -based  power  o f f se t s  AO=-Po* (P_sky -P_o f f ) / (P_o f f -Po ) .

  #  They  a re  non-zero  on ly  in  SQLD spws .

  AOxx={}
  AOyy={}

  #  S p e c t r a l  g a i n  n o r m a l i z e d  t o  1 . 0 .  A c u a l  A C D - b a s e d  v a l u e s  i n  s p e c t r a l  A C  s p w s ,

  #  a  t r i v i a l  1 . 0  n d a r r a y  f o r  i n t e g r a t e d - A C  a n d  S Q L D  s p w s .

  gXX={}
  gYY={}

  # Frequency-averaged ins t rumenta l  powers .

  PIxx={}
  PIyy={}

  # -  F i n a l l y ,  t h e  r a w  A C D - c a l i b r a t i o n  p o w e r s .

  # Ambien t - load  powers .

  PxxAmb={}
  PyyAmb={}

  #  Ho t - l oad  powers .

  PxxHot={}
  PyyHot={}
  
  # - -  R e a d  t h e  d a t a  a n d  A C D  c a l i b r a t i o n  t a b l e s  i n  a  l o o p  o v e r  a l l  s c i S P W s .

  
  f o r sciSPW i n spwList:

    #-  Raw data & ACD tab les

    
    #  R e a d  r a w  s c i e n c e  p o w e r s  f o r  t h e  t a r g e t  d e f i n e d  b y  t a r g e t S c a n .

    time,P_src=tgt_pow(vis,tgtScan,antID,sciSPW,myMS=myMS,myMsmd=myMsmd,
                       subScans='on')

    PxxS=P_src[0]
    PyyS=P_src[1]
    
    #  R e a d  A C D  c a l i b r a t i o n s  -  g a i n s , T i n s t ,  a n d  c a l i b r a t i o n  p o w e r s .

    calDict=acd_calTabs(vis,atmScan,antID,sciSPW,tgtScan=tgtScan,
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                        myMS=myMS,myMsmd=myMsmd,acdLoads=acdLoads)
    
    Pcals=calDict['calPows']
    
    PxxAmbS=Pcals['P_amb'][0]
    PyyAmbS=Pcals['P_amb'][1]

    PxxHotS=Pcals['P_hot'][0]
    PyyHotS=Pcals['P_hot'][1]

    
    #  W e  h a v e  d i f f e r e n t  h a n d l i n g  f o r  f r e q u e n c y - r e s o l v e d  a n d  i n t e g r a t e d  S P W s .

    #  F ind  the  number  o f  channe ls  i n  t he  obse rved  SPW.

    nChansO=PxxS.shape[0]

    i f (nChansO > 1):
      
      #- Resolved AC SPWs.

      #   T r i m  t h e  s p e c t r a l  e d g e s  b y  p o s i n g  t h e  i n t e g r a t i o n  l i m i t s  a n d  a v e r a g e

      #   o v e r  t h e  r e m a i n i n g  f C h a n s  c h a n n e l s .

      #  S c i e n c e - t a r g e t  p o w e r s .

      PxxM=np.mean(PxxS[fChans],axis=0)
      PyyM=np.mean(PyyS[fChans],axis=0)

      #  C a l i b r a t i o n  ( A C D )  p o w e r s .

      PxxAmbM=np.mean(PxxAmbS[fChans],axis=0)
      PyyAmbM=np.mean(PyyAmbS[fChans],axis=0)

      PxxHotM=np.mean(PxxHotS[fChans],axis=0)
      PyyHotM=np.mean(PyyHotS[fChans],axis=0)
      
      # -  I n s t r u m e n t a l  f a c t o r s .

      #   S t o r e  t h e  n o r m a l i z e d  ( t o  1 . 0 )  s p e c t r a l  g a i n s  ( a r r a y s ,  c o n s t a n t )  a n d

      #   t h e i r  s c a l e s  ( n u m b e r s ,  t o  b e  r e - f i n e d  b y  t h e  s o l v e r )  s e p a r a t e l y .  

      
      #  R a w  G / G *  g a i n s  i n  a  f u l l  S P W .  W e  m a y  f l i p  t h e  a r r a y  ( b e l o w )  s o  b e t t e r

      #  t o  d o  s o  b e f o r e  i t s  l i m i t i n g  t o  f C h a n s  -  w e e  n e e d  n o t  t o  t h i n k  w h e t h e r

      #  t h e  f C h a n s  c e n t r a l  r a n g e  i s  p l a c e d  s y m m e t r i c a l y  w i t h i n  i t s  S P W .

      i f (solarTgt):
        #  So la r  ga in  G*  has  shape  2  x  nPo ls  x  nChans .  The  1s t  i ndex  0  means  we

        #  p i c k  t h e  * l e a d i n g *  P _ o f f  s u b s c a n  -  s e e  t h e  n o t e  i n  t g t _ T b ( ) .

        GxxS=1.0/ (calDict['iG*'][0,0])
        GyyS=1.0/ (calDict['iG*'][0,1])
      else:
        #  Non-so la r  s tandard  ga in  G  has  shape  nPo ls  x  nChans .

        GxxS=1.0/ (calDict['iG'][0])
        GyyS=1.0/ (calDict['iG'][1])
        
      #  T _ i n s t  i n  f u l l  S P W .  T h e  s a m e  h o l d s  f o r  f l i p p e d / r e v e r s e d  S P W s  a s  f o r  G * .

      TinstXX=calDict['T_inst'][0]
      TinstYY=calDict['T_inst'][1]
      
      #  C h e c k ,  w h e t h e r  w e  n e e d  f l i p  t h e m  -  t h i s  i s  t h e  c a s e  o f  t h e  L S B  s p w s ,

      #  wh ich  have  dec reas ing / reve rsed  f requency  channe ls .

      spwFreqs=calDict['freqs']
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      i f (spwFreqs[0] > spwFreqs[1]):
        #  R e v e r s e d  S P W ,  f l i p  t h e  g a i n  a n d  T _ i n s t  a r r a y s .

        GxxS=np.flip(GxxS)
        GyyS=np.flip(GyyS)

        TinstXX=np.flip(TinstXX)
        TinstYY=np.flip(TinstYY)

      #  N o w  i t  i s  s a f e  t o  s e l e c t  t h e  c e n t r a l  f C h a n s  b a n d - p a s s .

      GxxS=GxxS[fChans]
      GyyS=GyyS[fChans]

      TinstXX=TinstXX[fChans]
      TinstYY=TinstYY[fChans]

      #  C a l c u l a t e  t h e  u n i t y - n o r m a l i z e d  g a i n s  b y  d i v i d i n g  o u t  t h e  m e a n  v a l u e .

      GxxM=GxxS.mean()
      GyyM=GyyS.mean()
      
      gXX[sciSPW]=GxxS/ GxxM
      gYY[sciSPW]=GyyS/ GyyM

      #  Ins t rumen ta l  power  ave raged  ove r  ou r  fChans  range .

      PIxxM=np.mean(GxxS* TinstXX)
      PIyyM=np.mean(GyyS* TinstYY)

      #  K e e p  t h e  t i m e - a x i s  o f  t h e  l a s t  r e s o l v e d  S P W  a s  a  r e f e r e n c e  t i m e b a s e ,

      #  t o  w h i c h  w e  i n t r e p o l a t e  t h e  S Q L D  s i g n a l s .

      timeBase=time

      #  S Q L D  s p w s  h a v e  a n  i n s t r u m e n t a l  o f f s e t  r a l a t e d  t o  P z e r o .  I t  i s  c a l c u l a t e d

      #  b e l o w ,  i n  t h e  s i n g l e - c h a n n e l  S P W s  b r a n c h .  H e r e  w e  s e t  i t  t o  z e r o

      #  because  Pze ro  f o r  AC- reso l ved  spws  i s  ze ro .

      AOxx[sciSPW]=0.0
      AOyy[sciSPW]=0.0

      
    else:
      #-  In teg ra ted  ACs  o r  SQLDs.

      #   The  s i ng le  channe l  a l r eady  rep resen t s  a  mean  ove r  t he  spw  band -pass .

      #  S i n g l e - c h a n n e l  s c i e n c e  d a t a .

      PxxM=PxxS[0]
      PyyM=PyyS[0]

      #  Channe l - i n teg ra ted  SPWs may  have  h igher  cadence .  Fo r  SQLDs  i t  i s  t rue

      #  a l w a y s ,  b u t  i t  m a y  b e  t h e  c a s e  o f  i n t e g r a t e d  A C s ,  t o o .  L e t  u s

      #  p u t  a l l  d a t a  t o  t h e  s a m e ,  s l o w e s t ,  t i m e b a s e  ( a s  p e r  r e s o v e d  A C  s p w s ) .

      #  C o m p a r e  t h e  c a d e n c e  ( e l e m e n t a r y  t i m e - s t e p ,  a . k . a .  i n t e g r a t i o n ) .

      i f ((timeBase[1]- timeBase[0]) > (time[1]- time[0])):
        
        #  I n d e e d ,  w e  h a v e  h i g h e r  c a d e n c e .  R e - b i n  i n  t i m e .

        #  U s e  t h e  t i m e B a s e  d e f i n e d  a s  a  t i m e - a x i s  f o r  r e s o l v e d  S P W .  
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        print('---> SPW',sciSPW,
              'has higher cadence: Rebinning to time-line of AC-resolved SPW.')
  
        PxxM=rebin2(PxxM,time,timeBase)
        PyyM=rebin2(PyyM,time,timeBase)        
        time=timeBase

      # - - >  e n d i f ( h i g h e r  c a d e n c e )

      
      #  T h e  a t t e n u a t i o n  f a c t o r s  A F = ( P _ s k y - P o ) / ( P _ o f f - P o )  a n d  o f f s e t s  A O  s h o u l d

      # be,  moreover ,  ex t rac ted f rom the SQLDss (ACs use mapping a fMap

      #  d e f i n e d  a b o v e )  f o r  t h e  * s o l a r *  t a r g e t .  I n  n o n - s o l a r  t h e y  a r e  t r i v i a l .   

      i f  sciSPW i n [0,1,2,3,13,14,15,16]:

        i f (solarTgt):
          #  E x t r a c t  t h e  c a l i i b r a t i o n  p o w e r s  r e l e v a n t  f o r  A F  c a l c u l a t i o n

          Patm=Pcals['P_sky']
          #  P o f f  i s  t h e  o n l y  c a l P o w  t h a t  h a s  a  s t r u c t u r e  2  x  n P o l s  x  n C h a n s ,

          #  s i m i l a r l y  l i k e  g a i n .  T h e  o t h e r s  a r e  j u s t  n P o l s  x  n C h a n s  2 D  a r r a y s .

          #  H e r e ,  t h e  f i r s t  d i m e n s i o n  ' 2 '  i s  f o r  l e a d i n g / t r a i l i n g  P o f f  s u b s c a n s

          #  a n d  w e  p i c k  t h e  l e a d i n g  o n e  ( s e e  t h e  g a i n  e x t r a c t i o n  a b o v e ) .

          Poff=Pcals['P_off'][0]
          Pzero=Pcals['P_zero']

          #  C a l c u l a t e  A F s .

          #  T h e  1 s t  i n d e x  i n  p o w e r s  i s  p o l ,  t h e  2 n d  m e a n s  ( t h e  s i n g l e )  c h a n n e l .

          AFxx[sciSPW]=(Patm[0,0]- Pzero[0,0])/ (Poff[0,0]- Pzero[0,0])
          AFyy[sciSPW]=(Patm[1,0]- Pzero[1,0])/ (Poff[1,0]- Pzero[1,0])
        
          #  Ca lcu la tes  AOs .

          AOxx[sciSPW]=Pzero[0,0]* (AFxx[sciSPW]- 1.0)
          AOyy[sciSPW]=Pzero[1,0]* (AFyy[sciSPW]- 1.0)
        else:
          #  N o n - s o l a r :  T r i v i a l .

          AFxx[sciSPW]=1.0
          AFyy[sciSPW]=1.0
          
          AOxx[sciSPW]=0.0
          AOyy[sciSPW]=0.0

        # - - >  e n d i f ( s o l a r  t a r g e t )

      else: 
        #  Fo r  non -SQLD spws  t he  o f f se t s  a re  ze ro  because  Pze ro  i s  ze ro .

        # The AFs are mapped f rom the corresponding SQLD spw.

        AOxx[sciSPW]=0.0
        AOyy[sciSPW]=0.0
        
      #--> end i f (SQLD spws)

   
      #  C a l i b r a t i o n  d a t a .

      PxxAmbM=PxxAmbS[0]
      PyyAmbM=PyyAmbS[0]

      PxxHotM=PxxHotS[0]
      PyyHotM=PyyHotS[0]
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      # -  I n s t r u m e n t a l  f a c t o r s .

      #  G a i n s :  S o l a r  o r  n o n - s o l a r  s c a n ?  A n y w a y ,  t h e  l a s t  i n d e x  ' 0 '  p i c k s  t h e

      #  s i n g l e  c h a n n e l  o f  t h e  i n t e g r a t e d  S P W s  a s  i t s  o w n  a v e r a g e .

      i f (solarTgt):
        #  So la r  ga in  G*  has  shape  2  x  nPo ls  x  nChans .  The  1s t  i ndex  0  means  we

        #  p i c k  t h e  * l e a d i n g *  P _ o f f  s u b s c a n  -  s e e  t h e  n o t e  i n  t g t _ T b ( ) .

        GxxM=1.0/ (calDict['iG*'][0,0,0])
        GyyM=1.0/ (calDict['iG*'][0,1,0])
      else:
        #  Non-so la r  s tandard  ga in  G  has  shape  nPo ls  x  nChans .

        GxxM=1.0/ (calDict['iG'][0,0])
        GyyM=1.0/ (calDict['iG'][1,0])

      #  C r e a t e  a  f a k e  s p e c t r a l  n o r m a l i z e d  g a i n  f o r  i n t e g r a t e d  S P W s .

      #  W e  u s e  i t  i n  p r o d u c t s  w i t h  t h e  A T M  a r r a y s  ( e . g .  t r a n s m i s s i v i t y ) ,  w h i c h

      #  a r e  a l w a y s  s p e c t r a l .

      gXX[sciSPW]=np.ones(len(fChans))
      gYY[sciSPW]=np.ones(len(fChans))

      #  I n s t r u m e n t a l  p o w e r :  T h e  c h a n n e l  0  i s  t h e  a v e r a g e  a l r e a d y

      PIxxM=GxxM* calDict['T_inst'][0,0]
      PIyyM=GyyM* calDict['T_inst'][1,0]
    #- ->  end i f ( reso l ved  SPW)

        

    #  Append  the  f requency -ave rged  t ime  se r ies  fo r  each  SPW to  the  maps .

    Pxx[sciSPW]=PxxM
    Pyy[sciSPW]=PyyM

    #  T h e  c a l i b r a t i o n  p o w e r s  a r e  a l r e a d y  t i m e - a v e r a g e d .

    PxxAmb[sciSPW]=PxxAmbM
    PyyAmb[sciSPW]=PyyAmbM
    
    PxxHot[sciSPW]=PxxHotM
    PyyHot[sciSPW]=PyyHotM
    
    #  S e t  t h e  A C D - b a s e d  g a i n s  ( s c a l e s )  a n d  i n s t r u m e n t a l  c o n t r i b u t i o n s .

    Gxx[sciSPW]=GxxM
    Gyy[sciSPW]=GyyM
    
    PIxx[sciSPW]=PIxxM
    PIyy[sciSPW]=PIyyM

    print('SPW ',sciSPW,': <Tsky+src_XX> = ',
          (Pxx[sciSPW].mean()- PIxx[sciSPW])/ Gxx[sciSPW],'+/-',
          Pxx[sciSPW].std()/ Gxx[sciSPW],
          '..... Pxx=',Pxx[sciSPW].mean(),'Gxx=',Gxx[sciSPW],
          'PIxx=',PIxx[sciSPW])
    print('         <Tsky+src_YY> = ',
          (Pyy[sciSPW].mean()- PIyy[sciSPW])/ Gyy[sciSPW],'+/-',
          Pyy[sciSPW].std()/ Gyy[sciSPW])
    
  # - - > e n d f o r ( a l l  s c i S P W s  i n  t h e  l i s t )

  
  #  S a v e  t h e  o r i g i n a l  g a i n s  a n d  i n s t r u m e n t a l  p o w e r s  f o r  c o m p a r i s o n  w i t h

  #  t h e  u p d a t e d  v a l u e s  a f t e r  t h e  s o l u t i o n .
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  #  No te :  We  have  to  use  copy .deepcopy ( ) ,  t he  s imp le  ass ignmen t  ope ra to r

  #  c o p i e s  j u s t  t h e  r e f e r e n c e !

  GxxOrig=deepcopy(Gxx)
  GyyOrig=deepcopy(Gyy)

  PIxxOrig=deepcopy(PIxx)
  PIyyOrig=deepcopy(PIyy)

  # - -  D i m e n s i o n s  o f  t h e  s y s t e m .

  
  #  C o u n t  t h e  S P W  i n  t h e  l i s t .

  numSpw=len(spwList)
  #  C o u n t  t h e  t i m e  s a m p l e s  i n  d a t a .

  nSamples=len(time)

  #  How many  ne t  equa t i ons  do  we  have  pe r  b lock  o f  1  t ime-samp le .

  #  B e  c a r e f u l l :  D o  n o t  f l a g  t h e  d a t a  t h a t  a r e  * n o t *  p r e s e n t  i n  t h e  s p w L i s t !

  eqBlockSize=2* numSpw- len(flaggedData)
  

  #  T h e  d a t a  h a s  b e e n  r e a d - o u t ,  w e  m a y  c l o s e  t h e  ( l o c a l )  t o o l s .

  i f (ownMsmd): myMsmd.done()
  i f (ownMS): myMS.close()
 
  # - -  A r r a y s  f o r  c a l c u l a t i o n s  o f  t h e  m a t r i x  a n d  t h e  R H S - v e c t o r  c o m p o n e n t s

  #    o f  t h e  l i n e a r i z e d  s y s t e m  t h a t  d e p e n d  j u s t  o n  t h e  m o d e l s  ( A T M  +  q u i e t  S u n ) .

  
  #  P r e - c a l c u l a t e d  f r e q u e n t l y  r e p e a t i n g  f a c t o r :  I n v e r s e  n u m b e r  o f  t i m e  s a m p l e s .

  nsInv=1.0/ nSamples
  
  #  Number  o f  t he  mode l  spec t ra l  w indows .

  nAtmSPWs=myAtm.getNumSpectralWindows()
  #  N u m b e r  o f  a l l  c h a n n e l s  i n  t h e  m o d e l  S P W s .  T h e y  h a v e  a l l  t h e  s a m e  s t r u c t u r e .

  nChans=myAtm.getNumChan(0)
  #  Number  o f  cen t ra l  band -pass  (w i t h  edges  t r immed)  channe l s .  

  cChans=len(fChans)
  
  #  F requenc ies  o f  channe l s  i n  ou r  mode l  SPWs  ( cen t ra l  band -pass  on l y ) .

  spw_freqs=np.zeros((nAtmSPWs,cChans))

  f o r atmSpw i n range(nAtmSPWs):
    
    fMin=myAtm.getMinFreq(atmSpw)['value'][0]* 1.0e9 # GHz to Hz

    df=myAtm.getChanSep(atmSpw)['value'][0]* 1.0e6   # MHz to Hz

    
    spw_freqs[atmSpw]=(fMin+df* np.arange(nChans))[fChans]
   
  # Atmosphere  (+CMB)  br igh tness  tempera tu re  fo r  PWV=w0 and i t s  s lope .

  #  P l a c e - h o l d e r s ,  t o  b e  c a l c u l a t e d  i n s i d e  i t e r a t i o n s .

  TbsW0=np.zeros((nAtmSPWs,cChans))
  dTdW=np.zeros((nAtmSPWs,cChans))

  #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .  P l a c e - h o l d e r s .

  trans=np.zeros((nAtmSPWs,cChans))
  tau_1=np.zeros((nAtmSPWs,cChans))

  #  Targe t  no rma l i sed  spec t rum
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  i f (solarTgt):
    #  Ave rage  So la r -F lux  spec t rum:  QSR mode l  no rma l i sed  to  1 .0  a t  f = f_LO.

    SF=1.0+b_2/ Tsun00* np.log(spw_freqs/ f_LO)
  else:
    #  A  f l a t  n o r m a l i z e d  s p e c t r u m  f o r  n o n - s o l a r  t a r g e t

    SF=np.ones(cChans)
  
    
  # - - -  S o l v e  t h e  l i n e a r i s e d  s e t  o f  e q u a t i o n s  f o r  d W  a n d  d B  v a r i a t i o n s .

  #     I t e r a t e  u n t i l  t h e y  h a v e  n e g l i g i b l e  m e a n  v a l u e  ( s c a n - a v e r a g e ) .

  # - -  I t e r a t i o n  s e t u p

  #  H a l f  d w  f o r  t h e  e s t i m a t i o n  o f  t h e  d T s k y / d w  b y  c e n t e r r e d  d i f f e r e n c e .

  dws=0.05

  #  S t o p p e r s  f o r  i t e r a t i v e  s o l u t i o n :  W e  s h o u l d  g e t  l e s s  t h e n  t h e s e  v a l u e s .

  #  W e  u s e d  t h o s e  a s  w e i g h t s  i n  c a l c u l a t i o n  o f  e p s i l o n  -  t h e  n o r m a l i s e d

  #  i n t e r - i t e r a t i o n  c h a n g e  o f  o p e r a t i o n - p o i n t  a t  t h e  v e r y  e n d  o f  e a c h  i t e r a t i o n .

  dwMean_max=0.01   # mm

  dbMean_max=0.001  #  k i l o K e l v i n

  dG_max=0.001      #  Re la t i ve  sca le  dG /G

  dTinst_max=0.001  #  d P i n s t / G  i n  k i l o K e l v i n s  

  #  I t e r a t i o n  c o u n t e r .

  itCount=0
  #  N o r m a l i z e d  i n t e r - i t e r a t i o n  c h a n g e  o f  o p e r a t i o n  p o i n t  -  i t s  i n i t i a l  v a l u e .

  #  A n y t h i n g  b i g g e r  t h a n  1 . 0

  epsilon=10.0

  #  S e t  t h e  s t a r t i n g  v a l u e s  f o r  i t e r a t i o n s .

  w0=pwv0
  Tsun0xx=Tsun00
  Tsun0yy=Tsun00

  # - -  S o l u t i o n  i t e r a t i o n s :  M i n i m i z e  t h e  m e a n  v a l u e  o f  v a r i a t i o n s .

  while((epsilon>1.0) and (itCount< 20)):

    # - -  P r e p a r e / r e s e t  t h e  l i n e a r i z e d  s y s t e m  o f  e q u a t i o n s .

    # -  R e p e a t i n g  b l o c k s / t i l e s  f o r  e a c h  t i m e - s a m p l e

    
    #  N - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d W , d T _ B x x , d T _ B y y ]  ' n a t u r a l '  v a r i a b l e s .

    J_wb=np.zeros((eqBlockSize,3)) #  3  v a r s  r e p e a t i n g  i n  a l l  s p w s  

    #  G - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d G , d P _ i n s t ]  ' i n s t r u m e n t a l '  v a r i a b l e s .

    J_gp=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  va rs  pe r  each  SPW:Po l .

    #  A - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d G , d P _ i n s t ]  f o r  A C D  c a l i b r a t i o n  p o w e r s .

    J_cdA=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  va rs  pe r  SPW:Po l ,  amb ien t .  

    J_cdH=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  v a r s  p e r  S P W : P o l ,  h o t .

    #  M - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d W , d T _ B x x , d T _ B y y ]  i n  a r r a y - m e a n  e q s .

    #  T h i s  m a t r i x  i s  c o n s t a n t  a n d  c a n  b e  d e f i n e d  a l r e a d y  h e r e .

    J_M=np.array([[0.0, nsInv, 0.0],
                  [0.0, 0.0, nsInv]])

    #  R H S  v e c t o r  f o r  a l l  t i m e  s a m p l e s  s t a c k e d  a s  a  m a t r i x .

    CC=np.zeros((eqBlockSize,nSamples))
    #  R H S - v e c t o r  ' a p p e n d i x '  -  a m b .  &  h o t  A C D  c a l i b r a t i o n  p o w e r s  ( t i m e - a v e r a g e d ) .
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    CCA=np.zeros((eqBlockSize,1))
    CCH=np.zeros((eqBlockSize,1))
    #  R H S - v e c t o r  ' a p p e n d i x  2 '  -  a r r a y - m e a n  v a l u e s  o f  t a r g e t  T _ B

    CCM=np.zeros((2,1))

    #  R e z i d u a l  m e a n  s k y  t e m p e r a t u r e  -  a f t e r  s u b t r a c t e d  b r i g h t n e s s  o f  t h e

    #  a tmosphe re  (+CMB)  and  (a t t enua ted )  sou rce .  We  keep  i t  f o r  a l l  s c i  SPWs and

    #  b o t h  p o l a r i z a t i o n s  a n d  p r i n t  i t  o u t  a t  t h e  e n d  o f  e v e r y  i t e r a t i o n  c y c l e

    #  a s  a  d i a g n o s t i c s  o f  c o n v e r g e n c e  a n d  s o l u t i o n  q u a l i t y .

    
    resTxx={}
    resTyy={}
    
    #  Mapp ing  be tween  spw IDs  and  the  row number  i n  the  sys tem o f  equa t ions .

    #  W e  n e e d  i t  f o r  f i n a l  d i a g n o s t i c  p l o t s .  I t  m a y  b e  n o n - t r i v i a l  a s  s o m e

    #  s p w : p o l  p a i r s  m a y  b e  f l a g g e d  a n d  i g n o r e d ,  c a u s i n g  i r r e g u l a r i t y  i n  t h e  m a p .

    
    spw2rowXX={}
    spw2rowYY={}
    
    #- Re-calculate ATM model  wi th updated <PWV> and <Tsun>.

    
    #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .

    myAtm.setUserWH2O(qa.quantity(w0,'mm'))

    # -  Loop  ove r  4  ATM spws  -  t hese  co r respond  to  t he  channe l - reso l ved  ACs .

    #   C a l c u l a t e  f a c t o r s  d e p e n d e n t  o n l y  o n  t h e  m m o d e l ,  n o t  t h e  d a t a .

    f o r atmSPW i n range(nAtmSPWs):

      # -  M o d e l  v a l u e  o f  t h e  s k y / a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

      Tebb=myAtm.getTebbSkySpec(atmSPW, qa.quantity(w0,'mm'))[1]['value']
      #  L i m i t  t h e  s p e c t r u m  t o  t h e  c e n t r a l  f C h a n s  r e a g i o n  a s  w e  h a v e  t r i m m e d

      #  the  edge  channe ls  in  ACD-based  spec t ra l  no rma l i zed  ga in  gXX/gYY.

      #  S c a l e  t o  k i l o K e l v i n s .

      TbsW0[atmSPW]=0.001* Tebb[fChans]

      # -  S l o p e  ( c e n t e r e d  d i f f e r e n c e )  o f  t h e  a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

      TebbH=myAtm.getTebbSkySpec(atmSPW,
                                 qa.quantity(w0+dws,'mm'))[1]['value'][fChans]
      TebbL=myAtm.getTebbSkySpec(atmSPW,
                                 qa.quantity(w0- dws,'mm'))[1]['value'][fChans]

      #  I n  k i l o K e l v i n s / m m

      dTdW[atmSPW]=0.001* (TebbH- TebbL)/ (2.0* dws)

      # -  O p a c i t i e s  &  t r a n s m i s i v i t y .

    
      #  D r y  z e n i t h  o p a c i t y

      tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
      #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

      tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
      #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

      opacity=airMass* (tau_wet+tau_dry)
     
      #  T r a n s m i s s i v i t y  ( s p e c t r a l ) .  L i m i t t e d  t o  f C h a n s .

      trans[atmSPW]=np.exp(- opacity[fChans])
      #  Wet  opac i t y  pe r  1mm PWV sca led  by  a i rmass .  L im i t t ed  to  fChans .

      tau_1[atmSPW]=(airMass/ w0)* tau_wet[fChans]
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    #--> endfor(modelSPWs)

    # -  L o o p  o v e r  a l l  S C I  s p w s  -  c o m b i n e  m o d e l - o n l y  d e p e n d e n t  f a c t o r s  w i t h

    #   s c i S P W - d e p e n d e n t  d a t a  a n d  i n s t r u m e n t a l  f a c t o r s  a n d  b u i l d  t h e  s y s t e m .

    #  Coun t  t he  ac tua l  number  o f  equa t i ons  -  some  rows  may  be  f l agged .

    eqCount=0

    f o r sciSPW i n spwList:

      #  Map  the  sc i  SPW to  i t s  co r respond ing  ATM coun te rpa r t

      atmSPW=sciAtmMap[sciSPW]

      # -  M o d e l  ( _ M )  f a c t o r s .

      #  T e b b  a n d  i t s  s l o p e .

      TbsW0_M=TbsW0[atmSPW]
      dTdW_M=dTdW[atmSPW]

      #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .

      trans_M=trans[atmSPW]
      tau_1M=tau_1[atmSPW]

      #  S o l a r - f l u x  m o d e l  s p e c t r u m  ( n o r m a l i z e d ) .

      SF_M=SF[atmSPW]

      # -  S e p a r a t e  p r o c e d u r e  b y  p o l a r i z a t i o n s  f o r  c o m b i n a t i o n  w i t h  r e a l  d a t a .

      
      #-  Po l  XX

      
      #  F u l l  i d e n t i f i c a t o r  o f  d a t a :  s c i S P W : p o l

      sciDataID=str(sciSPW)+':XX'

      i f (sciDataID not i n flaggedData):

        # -  M o d e l  +  i n s t r u m e n t a l  f a c t o r s  c o m b i n e d .

        #  W e  d o  w e i g h t i n g  o f  e q u a t i o n s  b y  i n v e r s e  g a i n  i n  o r d e r  t o  c o m p e n s a t e

        # d i f fe ren t  powers  (and  ga ins )  in  AC and  SQLD SPWs.  Consequent l y ,

        #  t h e  e q u a t i o n s  a r e  e x p r e s s e d  i n  e q u i v a l e n t  t e m p e r a t u r e s ,  w h i c h  a r e

        #  ( a p p r o x i m a t e l l y )  t h e  s a m e  f o r  a l l  S P W s .

        #  W e i g h t  f a c t o r

        WF=1.0/ Gxx[sciSPW]
        
        #  S e n s i t i v i t y  f a c t o r  f o r  P W V .

        SWxx=(- eta_l* eta_F* Tsun0xx* np.mean(gXX[sciSPW]* trans_M* tau_1M* SF_M)
              +(1.0- eta_F+eta_F* eta_l)* np.mean(gXX[sciSPW]* dTdW_M))* Gxx[sciSPW]

        #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r - b r i g t h n e s s  t e m p e r a t u r e .

        SBxx=Gxx[sciSPW]* eta_l* eta_F* np.mean(gXX[sciSPW]* trans_M* SF_M)

        #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  s p e c t r a l  g a i n  g X X .

        TskyXX=(eta_l* eta_F* Tsun0xx* np.mean(trans_M* SF_M* gXX[sciSPW])
                +(1.0- eta_F+eta_F* eta_l)* np.mean(TbsW0_M* gXX[sciSPW])
                +eta_F* (1.0- eta_l)* Tamb)
          
        # -  B u i l d  t h e  m a t r i x :  N a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .
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        #  S e t  t h e  ( w e i g h t e d )  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  S P W : p o l  a s  

        #  a  r o w  i n  t h e  N - b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

        J_wb[eqCount]=WF* np.array([SWxx,SBxx,0.0])

        # -  B u i l d  t h e  m a t r i x :  I n s t r u m e n t a l  ( G  &  P _ i n s t  s e n s i t i v i t i e s )  b l o c k .

        
        #  W e  h a v e  t o  p r e p e n d  a  p r o p e r  o f f s e t  f o r  t h e  G  a n d  P _ i n s t  v a r s  a s

        #  t h e y  a r e  i n d e p e n d e n d t  f o r  e a c h  S P W  a n d  p o l a r i z a t i o n .

        bOffset=2* eqCount

        #  G - b l o c k  s c a l e d  b y  t h e  i n v e r s e  g a i n .

        J_gp[eqCount,bOffset]=WF
        J_gp[eqCount,bOffset+1]=TskyXX* WF

        # -  B u i l d  t h e  m a t r i x :  A C D  p o w e r s  ( a m b  &  h o t )  2 - b l o c k .

        #  A m b i e n t - p o w e r  s u b - b l o c k .  S c a l e  b e t w e e n  t h e  G *  /  P _ i n s t *  u s e d  i n

        #  J _ w b  a n d  J _ g p ,  a n d  G  /  P _ i n s t  u s e d  i n  t h e  A C D  c a l  e q u a t i o n s  b y  t h e

        #  a t t enua t i on  f ac to r  AF=G* /G=(P_sky -Po ) / (P_o f f -Po ) .

        #  A t t e n u a t i o n  f a c t o r  ( a f > 1 )  i s  c a l c u l a t e d  o n l y  i n  S Q L D  a n d  m a p p e d .  

        af=AFxx[afMap[sciSPW]]

        #  A -amb ien t  sub -b lock  Jacob ian  e l emen ts  we igh ted  by  i nve rse  ga in .

        J_cdA[eqCount,bOffset]=af* WF
        J_cdA[eqCount,bOffset+1]=af* Tamb* WF

        #  A - h o t - p o w e r  s u b - b l o c k  w e i g h e t d  b y  i n v e r s e  g a i n .

        J_cdH[eqCount,bOffset]=af* WF
        J_cdH[eqCount,bOffset+1]=af* Thot* WF

        # -  B u i l d  t h e  R H S  v e c t o r :  T a r g e t  d a t a

                
        #  R H S :  P x x ( t )  w i t h  t h e i r  s t a t i o n a r y  ( i n  t h e  w o r k i n g  p o i n t )  i n s t r u m e n t a l

        # and  ATM-based  par ts  sub t rac ted .

        dPxx=Pxx[sciSPW]- PIxx[sciSPW]- Gxx[sciSPW]* TskyXX

        #  S e t  i t  a s  t h e  R H S  c o m p o n e n t ,  w e i g h t e d  b y  i n v e r s e  g a i n .

        CC[eqCount]=dPxx* WF

        # -  Ammend  the  RHS vec to r :  Ca l i b ra t i on  da ta .

        #  A t t e n u a t i o n - b a s e d  p o w e r  o f f s e t .  W e  h a v e  i t  d e f i n e d  f o r  a l l  S P W s ,

        #  h o w e v e r ,  n o n - z e r o  i t  i s  o n l y  i n  S Q L D s .

        aoff=AOxx[sciSPW]
        
        #  A m b i e n t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  m o d e l  p a r t  s u b t r a c t e d .  

        CCA[eqCount]=WF* (PxxAmb[sciSPW]- af* PIxx[sciSPW]- af* Gxx[sciSPW]* Tamb
                         +aoff)
        #  H o t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  m o d e l  p a r t  s u b t r a c t e d .  

        CCH[eqCount]=WF* (PxxHot[sciSPW]- af* PIxx[sciSPW]- af* Gxx[sciSPW]* Thot
                         +aoff)   
        # -  D i a g n o s t i c s

        
        #  Res idua  o f  sky  t empere tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

        resTxx[sciSPW]=dPxx.mean()/ Gxx[sciSPW]
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        # Mapping between SPW:XX and equation number.

        spw2rowXX[sciSPW]=eqCount
        
        eqCount+=1
        
      else: print('Ignoring flagged ',sciDataID,' data.')
      # - - >  e n d i f ( n o t  f l a g g g e d )

      #-  Po l  YY

      
      #  F u l l  i d e n t i f i c a t o r  o f  d a t a :  s c i S P W : p o l

      sciDataID=str(sciSPW)+':YY'

      i f (sciDataID not i n flaggedData):

        # -  M o d e l  +  i n s t r u m e n t a l  f a c t o r s  c o m b i n e d .

        #  W e i g h t  f a c t o r  -  s e e  e x p l a n a t i o n  a t  X X  p o l  a b o v e .

        WF=1.0/ Gyy[sciSPW]

        #  S e n s i t i v i t y  f a c t o r  f o r  P W V  ( w e i g h t e d  b y  1 / G ) .

        SWyy=(- eta_l* eta_F* Tsun0yy* np.mean(gYY[sciSPW]* trans_M* tau_1M* SF_M)
              +(1.0- eta_F+eta_F* eta_l)* np.mean(gYY[sciSPW]* dTdW_M))* Gyy[sciSPW]

        #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r  T _ B  ( w e i g h t e d  b y  1 / G ) .

        SByy=Gyy[sciSPW]* eta_l* eta_F* np.mean(gYY[sciSPW]* trans_M* SF_M)

        #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  s p e c t r a l  g a i n  g Y Y .

        TskyYY=(eta_l* eta_F* Tsun0yy* np.mean(trans_M* SF_M* gYY[sciSPW])
                +(1.0- eta_F+eta_F* eta_l)* np.mean(TbsW0_M* gYY[sciSPW])
                +eta_F* (1.0- eta_l)* Tamb)
          
        # -  B u i l d  t h e  m a t r i x :  N a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .

        
        #  S e t  t h e  ( w e i g h t e d )  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  S P W : p o l  a s  

        #  a  r o w  i n  t h e  b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

        J_wb[eqCount]=WF* np.array([SWyy,0.0,SByy])

        # -  B u i l d  t h e  m a t r i x :  I n s t r u m e n t a l  ( G  &  P _ i n s t  s e n s i t i v i t i e s )  b l o c k .

        
        #  W e  h a v e  t o  p r e p e n d  a  p r o p e r  o f f s e t  f o r  t h e  G  a n d  P _ i n s t  v a r s  a s

        #  t h e y  a r e  i n d e p e n d e n d t  f o r  e a c h  S P W  a n d  p o l a r i z a t i o n .

        bOffset=2* eqCount
        
        J_gp[eqCount,bOffset]=WF
        J_gp[eqCount,bOffset+1]=TskyYY* WF

        # -  B u i l d  t h e  m a t r i x :  A C D  p o w e r s  2 - b l o c k .

        
        #  A t tenua t ion  fac to r  G* /G .  Mapped  f rom the  co r respond ing  SQLD.

        af=AFyy[afMap[sciSPW]]

        # Ambien t -power  sub-b lock .

        J_cdA[eqCount,bOffset]=af* WF
        J_cdA[eqCount,bOffset+1]=af* Tamb* WF

        #  Ho t -power  sub -b lock .

        J_cdH[eqCount,bOffset]=af* WF
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        J_cdH[eqCount,bOffset+1]=af* Thot* WF       

        # -  B u i l d  t h e  R H S  v e c t o r :  T a r g e t  d a t a .

                
        #  R H S :  P y y ( t )  w i t h  t h e i r  s t a t i o n a r y  ( i n  t h e  w o r k i n g  p o i n t )  i n s t r u m e n t a l

        # and  ATM-based  par ts  sub t rac ted .

        dPyy=Pyy[sciSPW]- PIyy[sciSPW]- Gyy[sciSPW]* TskyYY

        #  Se t  i t  as  t he  RHS componen t .

        CC[eqCount]=dPyy* WF

        # -  Ammend  the  RHS vec to r :  Ca l i b ra t i on  da ta .

        
        #  A t t e n u a t i o n - b a s e d  p o w e r  o f f s e t .

        aoff=AOyy[sciSPW]

        #  A m b i e n t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

        CCA[eqCount]=WF* (PyyAmb[sciSPW]- af* PIyy[sciSPW]- af* Gyy[sciSPW]* Tamb
                         +aoff)
        #  H o t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

        CCH[eqCount]=WF* (PyyHot[sciSPW]- af* PIyy[sciSPW]- af* Gyy[sciSPW]* Thot
                         +aoff)

        # -  D i a g n o s t i c s

        
        #  Res idua  o f  sky  t empere tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

        resTyy[sciSPW]=dPyy.mean()/ Gyy[sciSPW]

        # Mapping between SPW:YY and equation number.

        spw2rowYY[sciSPW]=eqCount
        
        eqCount+=1
        
      else: print('Ignoring flagged ',sciDataID,' data.')
      # - - >  e n d i f ( n o t  f l a g g g e d )

    # - - >  e n d f o r ( a l l  s c i  S P W s )

    
    #  N o w ,  t h e  e q C o u n t  s h o u l d  b e  t h e  s a m e  a s  e q B l o c k S i z e .  J u s t  c h e c k  i t .

    i f (eqCount ! = eqBlockSize):
      print("******* Ooops, something is wrong !*******")
      print("   The expected number of equations does not correspond to the")
      print("   number of measured and non-flagged SPW:pol channels.")
      return False

    #- -  Grand  sys tem assemb ly  and  i nve rs ion  by  pa r t s .  We  use  the  app roach  f rom

    #    e x t M a t I n v ( )  f o r  i n v e r s i o n  o f  e x t e n d e d - s y s t e m  m a t r i x .  

    #-  Ammend the  RHS vec to r :  A r ray -mean  ta rge t  b r igh tness  tempera tu res .

    #   H e r e  w e  w o r k  a l r e a d y  w i t h  t e m p e r a t u r e s ,  t h u s  n o  1 / G  s c a l l i n g  a p p l i e s .

    
    #  T a r g e t  T _ B  w i t h  t h e  m o d e l  a t  w o r k - p o i n t  s u b t r a c t e d .

    CCM[0]=T_tgt- Tsun0xx
    CCM[1]=T_tgt- Tsun0yy
        
    
    # -  C a l c u l a t e  t h e  s m a l l - b l o c k  m a t r i c e s  a n d  t h e i r  i n v e r s i o n s  n e e d e d  f o r
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    #   g r a n d - s y s t e m  i n v e r s i o n .

    #  1 .  N a t u r a l  ( N - b l o c k )  m a t r i c e s .

    J_wb_T=np.transpose(J_wb)      # N^T

    J_K=np.matmul(J_wb_T,J_wb)     #  (N^T  x  N )

    J_K_inv=np.linalg.inv(J_K)     #  ( N ^ T  x  N ) ^ { - 1 }

    #  2 .  G a i n / P _ i n s t  ( G - b l o c k )  m a t r i c e s .

    J_gp_T=np.transpose(J_gp)      # G^T  

    
    #  3 .  A C D  r o w s  ( A - b l o c k )  m a t r i c e s .

    #  C a l c u l a t e  t r a n s p o s i t i o n s  p e r  s u b - b l o c k  ( a m b i e n t / h o t ) .

    #  A t t e n t i o n ! ! !  N u m P y ' s  t r a n s p o s e ( )  m a k e s  j u s t  a n o t h e r  v i e w  o f  a  m a t r i x ,

    #  we  have  t o  make  a  copy ,  o the rw i se  subsequen t  sca l i ng  wou ld  sca le  t he

    #  o r i g i n a l  J _ c d A  a n d  J _ c d H  m a t r i c e s ,  t o o !

    J_cdA_T=np.transpose(J_cdA).copy()    # A^T

    J_cdH_T=np.transpose(J_cdH).copy()    # H^T

    #  I n c r e a s e  i m p o r t a n c e  o f  t h e  A C D  r o w s  b y  c a l i b r a t i o n  w e i g h t .

    #  O n l y  t h e  t r a n s p o s e d  A - b l o c k  m a t r i c e s  s h o u l d  b e  s c a l e d  u p !

    J_cdA_T*=calWeight
    J_cdH_T*=calWeight
    
    #  C o m p o s e  t h e  f u l l  b l o c k  a n d  i t s  t r a n s p o s i t i o n .  T h e  t r a n s p o s i t i o n  t o  b e

    #  s c a l e d  u p  -  s e e  a b o v e .  O r ,  a l t e r n a t i v e l l y ,  i t  c a n  b e  b u i l t  a s

    #  np .hs tack ( [ J_cdA_T ,J_cdH_T ] )  f r om a l ready  sca led -up  t ransposed  sub -b locks .

    J_cd=np.vstack([J_cdA,J_cdH]).copy() 
    J_cd_T=calWeight* np.transpose(J_cd)    #  c a l W e i g h t  *  ( A  |  H  ) ^ T   

    #  4 .  A r r a y - m e a n  ( M - b l o c k )  r e l a t e d  m a t r i c e s .  I n c o r p o r a t e  m W e i g h t  i n t o  M ^ T ,  i n

    #  l i n e  w i t h  w h a t  w e  h a v e  d o n e  w i t h  c a l W e i g h t  f o r  t h e  A ^ T  a n d  H ^ T  m a t r i c e s .

    M_T=np.array([[0.0, 0.0],
                  [nsInv* mWeight, 0.0],
                  [0.0,nsInv*  mWeight]])   # mWeight*M^T

    # Pre-ca lcu la ted  nSamples*mWeigh t * (M^T x  M)  mat r i x .

    #  L i k e  w i t h  A ^ T  x  A ,  t h e  M ^ T  x  M  p r o d u c t  i s  s c a l e d - u p  b y  m W e i g h t  j u s t  o n c e

    #  ( n o  m W e i g h t  s q u a r e d ! ) .  M o r e o v e r ,  w e  s c a l e  i t  u p  h e r e  y e t  b y  n S a m p l e s ,

    #  i n  o r d e r  t o  a v o i d  t r i v i a l  p r o d u c t  n s I n v * n S a m p l e s = 1  i n  t h e  f o l l o w i n g  c a l c s .

    nsMTM=np.array([[0.0, 0.0, 0.0],
                    [0.0, nsInv* mWeight, 0.0],
                    [0.0, 0.0, nsInv* mWeight]])

    #  F r e q u e n t l y  r e p e a t i n g  b l o c k s .  N M _ i n v  p l a y s  a  r o l e  o f  m o d i f i e d  J _ K _ i n v .

    NM=J_K+nsMTM               # J_K+nSamples*mWeight*M^T x M

    NM_inv=np.linalg.inv(NM)   # NM^(-1)

    #  O f f - d i a g o n a l  b l o c k s  o f  t h e  i n v e r t e d  n a t u r a l  s u b - m a t r i x  ( A i n v ) .

    J_M_inv=nsInv* (NM_inv- J_K_inv)

    # -  B a s e - m a t r i x  e x t e n s i o n s .

    
    #  R i g h t  a n d  l o w e r  b a n d s :  T h e i r  ( n E q s  x  3 )  a n d  ( 3  x  n E q s )  r e p e a t i n g  b l o c k s .

    Rb=np.matmul(J_wb_T,J_gp)     #  (N^T  x  G)     
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    Lb=np.transpose(Rb)           #  (G^T  x  N )

    
    #  L o w e r - r i g h t  c o r n e r

    LRc=nSamples* np.matmul(J_gp_T,J_gp)+np.matmul(J_cd_T,J_cd)

    # -  F r e q u e n t l y  r e p e a t i n g  m a t r i x  p r o d u c t s .  C f .  w i t h  e x t M a t I n v ( )  a b o v e .

    #  A i n v  x  R b  a n d  L b  x  A i n v

    AinvRb=np.matmul(NM_inv,Rb)
    LbAinv=np.transpose(AinvRb)
       
    # -  S c h u r  c o m p l e m e n t  a n d  i t s  i n v e r s i o n .

    SC=LRc- nSamples* np.matmul(Lb,AinvRb)
    SC_inv=np.linalg.inv(SC)

    # -  B l o c k s  o f  i n v e r t e d  g r a n d - s y s t e m  m a t r i x .

    #  S t a r t  w i t h  t h e  l o w e r - l e f t  b l o c k  a s  i t  r e p e a t s  i n  u p p e r - l e f t  b l o c k ,  t o o .

    Minv21= -np.matmul(SC_inv,LbAinv)
     
    #  U p p e r - l e f t  b l o c k :  O f f - d i a g o n a l  t e r m s .  T h e  d i a g o n a l  b l o c k s  d i f f e r  j u s t

    # by  added J_K_ inv .

    Minv11_OD=J_M_inv- np.matmul(AinvRb,Minv21)
   
    #  U p p e r - r i g h t  b l o c k .

    Minv12=np.transpose(Minv21)

    #  L o w e r - r i g h t  b l o c k .

    Minv22=SC_inv

    # - -  A p p l y  t h e  i n v e r t e d  m a t r i x  c o m p o n e n t s  t o  t h e  R H S  v e c t o r .

    
    # Sum o f  the  RHS a long  the  t ime ax is ,  keep ing  the  SPW:POL d imens ion .

    #  P r e s e r v e  t h e  n u m b e r  o f  m a t r i x  r o w s ,  j u s t  s u m  t h e i r  c o n t e n t s ,  i . e .  m a k e

    #  t h e  s i n g l e - c o l u m n  m a t r i x .

    CCsum=np.reshape(CC.sum(axis=1),(- 1,1))

    # -  F o r m  t h e  R H S  v e c t o r  f o r  t h e  n o r m a l  e q u a t i o n s  ( K - f o r m  m i n i m i z e r ) ,

    #   i . e ,  m u l t i p l y  t h e  r a w  d a t a  b y  J J _ T  

    #  S t a r t  w i t h  t h e  n a t u r a l - v a r i a b l e s  d W  a n d  d B  p a r t .

    C_K_wb=np.matmul(J_wb_T,CC)+np.matmul(M_T,CCM) #  3  x  nSamp les  mat r i x

    
    #  M a k e  t h e  s a m e  a l s o  f o r  i t s  t i m e - s u m .

    C_K_wb_sum=np.matmul(J_wb_T,CCsum)+nSamples* np.matmul(M_T,CCM) #  3  x  1

    
    #  F o l l o w  w i t h  t h e  i n s t r u m e n t a l  p a r t .

    C_K_gp=(np.matmul(J_gp_T,CCsum)      # 2*eqCount  x  1

            +np.matmul(J_cdA_T,CCA)
            +np.matmul(J_cdH_T,CCH))

    # -  A p p l y  b l o c k s  o f  t h e  i n v e r t e d  J J _ K ^ ( - 1 )  m a t r i x  t o  t h e  C _ K  R H S  v e c t o r .

    #  C o n s t a n t  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r  ( 3  x  1 )

    nvConst=np.matmul(Minv11_OD,C_K_wb_sum)+np.matmul(Minv12,C_K_gp)

    #  T i m e - v a r y i n g  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r .  I t  c o m e s  f r o m  t h e
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    #  add i t i on  to  the  M inv11  d iagona l - te rms  (see  comment  above  a t  M inv11_OD) .

    #  N B :  A c t u a l l y ,  w i t h  M - b l o c k s  i n c l u d e d ,  i t  c o n t a i n s  a  s m a l l  c o n s t a n t  p a r t ,

    #  t o o ,  e q u a l  t o  J _ K _ i n v  x  M _ T  x  C C M ,  b u t  w e e  k e e p  i t  h e r e  ( h i d d e n  i n

    # C_K_wb).

    nvVar=np.matmul(J_K_inv,C_K_wb)  # 3 x nSamples 

    #  C o m p o s e  t h e  c o m p l e t e  n a t u r a l  v a r i a b l e s  v e c t o r .

    varNat=nvVar+nvConst

    #  I n s t r u m e n t a l  v a r i a b l e s .  T h e  r e s u l t  i s  o f  2 * e q B l o c k S i z e  x  1  s h a p e .

    varInst=np.matmul(Minv21,C_K_wb_sum)+np.matmul(Minv22,C_K_gp)

    # -  R e s h a p e  t h e  r e s u l t s  -  e x t r a c t  o u r  e l e m e n t a r y  v a r i a b l e s .

    
    #  Seapara te  t he  na tu ra l - va rs  componen ts .

    dW = varNat[0]
    dBxx=varNat[1]
    dByy=varNat[2]
    
    #  R e s h a p e  i n s t r u m e n t a l  p a r a m e t e r s  t o  t w o  r o w s  ( t r a n s p o s e ) :  1 s t  i s  d P _ i n s t ,

    # the 2nd dG, one component per SPW:POL.

    dPG=np.transpose(np.reshape(varInst,(eqBlockSize,2)))

    #  E x t r a c t  t h e  s h i f t s  i n  t h e  P _ i n s t  a n d  G  

    dPinst=dPG[0]    
    dGinst=dPG[1]

    # -  A n a l y t i c s :  C a l c u l a t e  t h e  e r r o r s  f o r  t h e  o v e r - d e t e r m i n e d  s e t  o f  e q s .

    #  e r r = f ( X ) - b  = a p p r o x .  f ( X _ 0 ) + J ( X _ 0 )  x  ( X  - X _ 0 )  - b  =  J  x  d X  -  [ b - f ( X _ 0 ) ]

    #  I n  o u r  n o t a t i o n ,  d X  i s  t h e  [ v a r N a t , v a r I n s t ] ^ T  v e c t o r  a n d  t h e

    #  d i f f e r e n c e  [ b - f ( X _ 0 ) ]  i s  [  C C ,  ( C C A  |  C C H ) ,  C C M  ] ^ T

    #  N o w  w e  e x p r e s s  t h e  e r r  v e c t o r  p a r t s  f o r  s c i ,  a c d ,  a n d  a r r a y - m e a n  e q s .

    
    #  e r r = f ( x ) - b :  S c i - d a t a  p a r t .

    errVec=np.matmul(J_wb,varNat)+np.matmul(J_gp,varInst)- CC
    #  X i  s q u a r e  f o r  t h e  s c i - d a t a  p a r t .  S u m  o v e r  a l l  S P W : P o l  c h a n n e l s  &  t i m e s .

    #  N o r m a l i z e  i t  t o  t h e  n u m b e r  o f  e q u a t i o n s .

    xiSci=np.sum(errVec* errVec)/ (nSamples* eqBlockSize)

    #  X i  Squares  pe r  SPW:Po l  channe l .  Sum/average  on ly  ove r  t imes .

    xiSciPerChan=np.sum(errVec* errVec,axis=1)/ nSamples
    # I ts mean and RMS over the SPW:POL channels.

    xscMean=xiSciPerChan.mean()
    xscRMS=xiSciPerChan.std()
    #  F i n d  o u t l i e r s  (  >  3  s i g m a ) .  T h e  b a d D a t a  a r r a y  c o n t a i n s  i n d i c e s  o f

    #  those  equa t ions ,  where  the  ag reemen t  be tween  mode l  and  obse rva t i on  i s

    #  excep t i ona l y  weak .

    badData=np.flatnonzero(abs(xiSciPerChan- xscMean)>3.0* xscRMS)

    #  S h o w  a l l  p e r - c h a n n e l  e r r o r s  a s  t e m p e r a t u r e s  ( K )  a n d  m a r k  ( w e  m a y  a u t o - f l a g

    #  l a t e r )  t h e  S P W : P o l  c h a n n e l s  w i t h  b a d  d a t a ,  i f  w e  h a v e  s o m e .

    #  We do  no t  have  an  inverse  map to  spw2rowXX/YY,  so  we  have  to  t raverse .

    
    #  XX po l

    f o r spw,eqRow i n spw2rowXX.items():
      print(str(spw)+':XX: Error:',np.sqrt(xiSciPerChan[eqRow])* 1000.0,'K')
      i f  eqRow i n badData: print('\t\t!!! Bad data in',str(spw)+':XX',
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                                 (xiSciPerChan[eqRow]- xscMean)/ xscRMS,
                                 'sigma from the mean.')
    #  YY po l

    f o r spw,eqRow i n spw2rowYY.items():
      print(str(spw)+':YY: Error:',np.sqrt(xiSciPerChan[eqRow])* 1000.0,'K')
      i f  eqRow i n badData: print('\t\t!!! Bad data in',str(spw)+':YY',
                                   (xiSciPerChan[eqRow]- xscMean)/ xscRMS,
                                   'sigma from the mean.')
        
    #  e r r = f ( x ) - b :  A C D - d a t a  p a r t .

    #  A c t u a l l y ,  t h i s  s h o u l d  b e  s c a l e d  b y  c a l W e i g h t  f a c t o r .  O n  t h e  o t h e r  h a n d ,

    #  w e  a r e  i n t e r e s t e d  i n  X i 2  n o r m a l i s e d  p e r  o n e  e q u a t i o n ,  s o  w e  w o u l d

    #  d o w n - s c a l e  i n  t h e  n e x t  c a l c u l a t i o n  b y  t h e  s a m e  f a c t o r .  I n  o r d e r  t o  a v o i d

    #  u s e l e s s  p r o d u c t  c a l W e i g h t * 1 / c a l W e i g h t ,  w e  o m i t  i t  a l r e a d y  n o w .

    errVecACDamb=np.matmul(J_cdA,varInst)- CCA
    errVecACDhot=np.matmul(J_cdH,varInst)- CCH
    #  X i  s q u a r e  f o r  t h e  a c d - d a t a  p a r t .

    #  N o r m a l i z e  i t  t o  t h e  n u m b e r  o f  A C D  e q u a t i o n s .  S c a l e  b y  j u s t  s i n g l e

    #  b l o c k - s i z e  -  w e  h a v e  d e l i b e r a t e l l y  i g n o r e d  c a l W e i g h t  f a c t o r  a l r e a d y  a b o v e .

    xiACD=np.sum(errVecACDamb* errVecACDamb)+np.sum(errVecACDhot* errVecACDhot)
    xiACD/ =eqBlockSize

    #  e r r = f ( x ) - b :  A r r a y - m e a n  T _ B  p a r t .

    #  H e r e ,  t h e  t e r m  J  x  d X  =  M  x  s u m  ( C C _ i )  =  [ s u m ( d T x x _ i ) ,  s u m ( d T y y _ i )  ] ^ T  =

    #  nS* [dBxx .mean( ) ,dByy .mean( ) ] ^T  i s  ze ro  because  dB.mrean( )  converged  to  0 .

    errVecMeanTb= -CCM
    #  Norma l i zed  to  one  equa t ion  -  we  have  mWeigh t *2  equa t ions ,  bu t  t he  same

    #  h o l d s  f o r  m W e i g h t  f a c t o r  a s  f o r  t h e  c a l W e i g h t  a b o v e .

    xiTbM=np.sum(errVecMeanTb* errVecMeanTb)/ 2

    #  G r a n d - t o t a l  X i - s q u a r e  n o r m a l i z e d  t o  t h e  n u m b e r  o f  e q u a t i o n s  f o r

    #  t h e  n a t u r a l / s c i e n c e ,  A C D ,  a n d  m e a n - a r r a y  s u b - b l o c k s .

    xiSquare=xiSci+xiACD+xiTbM
    
    # -  A l l  v a r i a t i o n s  s h o u l d  t e n d  t o  z e r o  m e a n s .

    dW_mean=dW.mean()
    dBxx_mean=dBxx.mean()
    dByy_mean=dByy.mean()

    dB_mean=np.sqrt(dBxx_mean* * 2+dByy_mean* * 2)
    
    #  U p d a t e  s t a t i o n a r y  p a r t  o f  P W V  a n d  s o l a r  T _ B   b y  m e a n s  o f  t h e i r  v a r i a t i o n s .

    w0+=dW_mean
    Tsun0xx+=dBxx_mean
    Tsun0yy+=dByy_mean

    #  U p d a t e  a l s o  t h e  P _ i n s t  a n d  G  b y  t h e  f o u n d  d i f f e r e n c e s .

    #  F i n d  t h e  m a x i m u m  i n t e r - i t e r a t i o n  c h a n g e  f o r  c o n v e r g e n c e  d i a g n o s t i c s .  

    dT_inst_sup= -1.0
    dG_rel_sup= -1.0

    #  S t a r t  w i t h  X X  p o l .

    f o r sciSPW,eqCount i n spw2rowXX.items():
      #  Upda te  t he  P_ ins t  and  G .

      PIxx[sciSPW]+=dPinst[eqCount]
      Gxx[sciSPW]+=dGinst[eqCount] 
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      #  C h a n g e  o f  i n s t .  p o w e r  e x p r e s s e d  i n  k i l o K e l v i n s .  

      dT_inst=abs(dPinst[eqCount]/ Gxx[sciSPW])
      i f (dT_inst > dT_inst_sup): dT_inst_sup=dT_inst

      #  C h a n g e  o f  g a i n  i n  t h e  r e l a t i v e  s c a l e .

      dG_rel=abs(dGinst[eqCount]/ Gxx[sciSPW])
      i f (dG_rel > dG_rel_sup): dG_rel_sup=dG_rel        
    # - - >  e n d f o r ( S P W s  w i t h  v a l i d  X X  p o l )

    #  Y Y  p o l .

    f o r sciSPW,eqCount i n spw2rowYY.items():      
      #  Upda te  t he  P_ ins t  and  G .

      PIyy[sciSPW]+=dPinst[eqCount]
      Gyy[sciSPW]+=dGinst[eqCount]

      #  C h a n g e  o f  i n s t .  p o w e r  e x p r e s s e d  i n  k i l o K e l v i n s .  

      dT_inst=abs(dPinst[eqCount]/ Gyy[sciSPW])
      i f (dT_inst > dT_inst_sup): dT_inst_sup=dT_inst

      #  C h a n g e  o f  g a i n  i n  t h e  r e l a t i v e  s c a l e .

      dG_rel=abs(dGinst[eqCount]/ Gyy[sciSPW])
      i f (dG_rel > dG_rel_sup): dG_rel_sup=dG_rel        
    # - - >  e n d f o r ( S P W s  w i t h  v a l i d  Y Y  p o l )

    # - -  C o n v e r g e n c e  d i a g n o s t i c s  /  I t e r a t i o n  c o n t r o l .

    #  C a l c u l a t e  t h e  n o r m a l i z e d  i n t e r - i t e r a t i o n  c h a n g e  o f  o p e r a t i o n  p o i n t .

    #  T h e  f a c t o r  0 . 5  c o m e s  f r o m  s q r t ( 1 / 4 )  a s  w e  h a v e  4  ' o r t h o g o n a l '  v a r i a b l e s .

    epsilon=0.5* np.sqrt((dW_mean/ dwMean_max)* * 2+(dB_mean/ dbMean_max)* * 2+
                        (dG_rel_sup/ dG_max)* * 2+(dT_inst_sup/ dTinst_max)* * 2)
    
    #  I n c r e m e n t  t h e  i t e r a t i o n  c o u n t e r

    itCount+=1
    
    # -  D i a g n o s t i c  p r i n t - o u t s  p e r - i t e r a t i o n .

    #  Upda ted  scan-averaged  PWV and  Tsun  a f te r  comp le ted  i te ra t ion .

    print('vvvvvvv\n After iteration no. ',itCount)
    print('\nMean PWV for the scan,',tgtScan,' w0 = ',w0,'mm',
          ", mean Tsun (XX/YY) = ",1000.0* Tsun0xx,'/',1000.0* Tsun0yy,'K')
   
    #  M e a n  v a l u e s  o f  d W  a n d  d B  f l u c t u a t i o n s  s h o u l d  t e n d  t o  z e r o .

    print("dW mean: ",dW_mean)
    print("dB mean: ",dB_mean)

    #  S k y - b r i g h t n e s s  r e s i d u a  s h o u l d  t e n d  t o  z e r o ,  t o o .

    #  C o n v e r t  t h e  s p w I d  m a p s  t o  n p . a r r a y s  f i r s t .  W e  h a v e  t o  g o  v i a  ' l i s t ' .

    #  S c a l e  b a c k  f o r m  k i l o K e l v i n s  t o  K e l v i n s .

    resTxxArr=1000.0* np.array(list(resTxx.values()))
    resTyyArr=1000.0* np.array(list(resTyy.values()))
  
    print("\nres Txx: ", resTxxArr,"\nmean +/- RMS: ",
          resTxxArr.mean(),"+/-",resTxxArr.std())
    print("\nres Tyy: ", resTyyArr,"\nmean +/- RMS: ",
          resTyyArr.mean(),"+/-",resTyyArr.std())

    print("\nInstrumental characteristics shifts during the iteration:")
    print("--- Pol XX--- ")
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    f o r sciSPW,eqCount i n spw2rowXX.items():
      print("SPW =",sciSPW,"\tdT_inst =",dPinst[eqCount]/ Gxx[sciSPW]* 1000.0,"K",
            "\tdG/G =",dGinst[eqCount]/ Gxx[sciSPW]* 100,"%") 

    print("--- Pol YY--- ")
    f o r sciSPW,eqCount i n spw2rowYY.items():
      print("SPW =",sciSPW,"\tdT_inst =",dPinst[eqCount]/ Gyy[sciSPW]* 1000.0,"K",
            "\tdG/G =",dGinst[eqCount]/ Gyy[sciSPW]* 100,"%")     

    print('^^^^^^^\n\n')

  # - - >  e n d w h i l e ( n o n - z e r o - m e a n s )  /  e n d  o f  t h e  m a i n  s o l u t i o n - i t e r a t i o n  l o o p .    

  # - -  D i a g n o s t i c  p l o t s

  #    M a k e  a  p l o t  c o m p a r i n g  t h e  m e a s u r e d  f l u c t u a t i o n s ,  t h e i r  p a r t  a t t r i b u t e d  t o

  #    t h e  i n t r i n s i c  b r i g h t n e s s  c h a n g e s ,  a n d  e r r o r  i n  e q s - s y s t e m  s o l u t i o n .

  # - S e t  t h e  p l o t t i n g  d e v i c e .

  
  plt.rcParams["figure.figsize"] = (30,20)
  #  M a k e  X X  a n d  Y Y  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )       

  ff,sps=plt.subplots(1,2)

  #  A n t e n n a  I D  f o r m a t e d  t o  ' N N '  s t r i n g  c o m e s  t o  t h e  P N G  f i l e n a m e .

  antIDstr='{:02d}'.format(antID)
 
  #  X - a x i s  l a b e l  j u s t  f o r  t h e  b o t t o m  s u b - p l o t .

  sps[0].set_xlabel('Time [MJDsec]')
  sps[1].set_xlabel('Time [MJDsec]')

  #  A d d  t h e  a n t e n n a  I D / n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+antIDstr+'/'+myAntName)

  #  C o l o r - m a p  f o r  S P W s ,  i n c l .  l i n e - s t y l e .

  # We have minimum 2 and maximum 12 SPWs in the spwList  argument.

  #  I f  w e  u s e  a l l  1 2  s p w s ,  l i n e s t y l e  c o r r e s p o n d e n c e  t o  t h e  s p w  t y p e  f o l l o w s :  

  csline={5:'-r',7:'-g',9:'-b',11:'-k',        # AC reso lved

          6:'--r',8:'--g',10:'--b',12:'--k',   #  AC  i n teg ra ted

          0:':r',1:':g',2:':b',3:':k'}         # SQLD

    
  # -  M a k e  t h e  * a n a l y t i c a l *  p l o t s  -  l e a s t - s q u a r e  r e s i d u a l s  e t c .

  #  XX po l

  f o r spw,eqRow i n spw2rowXX.items():
    #  P a n e l  r o w  1 :  R e s i d u a l s / e r r o r s  s c a l e d  t o  t e m p e r a t u r e  i n  K e l v i n s .

    #  N o t e :  B e  c a r e f u l l  a b o u t  s c a l i n g  i f  w e  u s e  t h e  W F  w e i g h t  f a c t o r  a b o v e

    #  o t h e r  t h a n  t h e  ' n a t u r a l '  W F = 1 / G x x [ s p w ]

    sps[0].plot(time,1000.0* errVec[eqRow],csline[spw])

  #  YY po l

  f o r spw,eqRow i n spw2rowYY.items():
    #  P a n e l  r o w  1 :  R e s i d u a l s / e r r o r s  s c a l e d  t o  t e m p e r a t u r e  i n  K e l v i n s .

    #  N o t e :  B e  c a r e f u l l  a b o u t  s c a l i n g  i f  w e  u s e  t h e  W F  w e i g h t  f a c t o r  a b o v e

    #  o the r  t han  the  na tu ra l  WF=1 /Gyy [spw ]

    sps[1].plot(time,1000.0* errVec[eqRow],csline[spw])
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  # -  S a v e  t h e  p l o t s  t o  a  f i l e  a n d  c l o s e .

  plt.savefig(plotDir+'/errs_ant_'+antIDstr+'.png')  
  plt.show() 
  plt.close()

  # -  M a k e  t h e  f u l l - s o l u t i o n  p l o t s :  P W V ( t )  a n d  T _ b ( t ) .

  #  A d d  v a r i a t i o n s  t o  t h e i r  t i m e - a v e r a g e s .  T e m p e r a t u r e s  a r e  s c a l e d  b a c k

  #  f r o m  k i l o K e l v i n s  t o  K e l v i n s .

  pwv=w0+dW
  TsunXX=1000.0* (Tsun0xx+dBxx)
  TsunYY=1000.0* (Tsun0yy+dByy)

  #  S e t  t h e  s i z e  o f  t h e  p l o t

  plt.rcParams["figure.figsize"] = (10,5)
  #  M a k e  s l o w - W V  a n d  f a s t - W V  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

  ff,(sp1,sp2)=plt.subplots(1,2)
  #  A d d  t h e  a n t e n n a  I D / n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+antIDstr+'/'+myAntName)

  #  L e f t  p a n e l :  A p p a r e n t  t a r g e t  b r i g h t n e s s  p e r  p o l a r i z a t i o n .

  sp1.plot(time,TsunXX,'-r')
  sp1.plot(time,TsunYY,'-b')

  #  R igh t  pane l :  PWV.  

  sp2.plot(time,pwv,'-g')
  
  plt.savefig(plotDir+'/dWdB/dWdB_ant_'+antIDstr+'.png')  
  plt.show() 
  plt.close()

  # - -  F i n a l  d i a g n o s t i c s  p r i n t - o u t s .

  
  #-  Show,  how much  the  ins t rumen ta l  va r iab les  G  and  P_ ins t  have  changed  f rom

  #   t he i r  nom ina l  ACD-based  va lues .

  print("--- Accumulated instrumental characteristics changes ---")
  
  f o r spw i n spw2rowXX.keys():
    #  G a i n  a s  a  r e l a t i v e  c h a n g e  i n  p e r c e n t s .

    dGxx=100.0* (Gxx[spw]- GxxOrig[spw])/ GxxOrig[spw]   
    #  I n s t r u m e n t a l  p o w e r  e x p r e s s e d  a s  T _ i n s t  c h a n g e  i n  K e l v i n s .

    dPxx=1000.0* (PIxx[spw]- PIxxOrig[spw])/ Gxx[spw]

    print('\t',spw,':XX: dGxx =',dGxx,'%','\tdP_Ixx =',dPxx,'K')
    
  f o r spw i n spw2rowYY.keys():
     #  G a i n  a s  a  r e l a t i v e  c h a n g e  i n  p e r c e n t s .

    dGyy=100.0* (Gyy[spw]- GyyOrig[spw])/ GyyOrig[spw]   
    #  I n s t r u m e n t a l  p o w e r  e x p r e s s e d  a s  T _ i n s t  c h a n g e  i n  K e l v i n s .

    dPyy=1000.0* (PIyy[spw]- PIyyOrig[spw])/ Gyy[spw]

    print('\t',spw,':YY: dGyy =',dGyy,'%','\tdP_Iyy =',dPyy,'K')

  # -  P r i n t  t o t a l  q u a d r a t i c  e r r o r  f o r  t h e  v a r i a b l e s .

  print("\n======= Xi-squares =======     SCI: ",xiSci,
        ", ACD:",xiACD,", Array-mean: ",xiTbM,
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        " | Total-per-equation:", xiSquare,
        "\n-------> Estimated total error per equation:",
        np.sqrt(xiSquare)* 1000.0,"K -------\n\n")

  
  # - -  E x p o r t  t h e  r e s u l t s .

  #  ' C o m p a c t i f y '  t h e  p e r - p o l a r i z a t i o n  T _ B  a r r a y s .

  Tsun=np.array([TsunXX,TsunYY])
  
  return {'time':time,'pwv':pwv,'T_B':Tsun,'J':J_wb,'C':CC}
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdB_Tbs_NL(vis,atmScan,tgtScan,myAtm,antID,spwList):
  " " "

  L i k e  d W d B _ T b s ( ) ,  b u t  n o w  w e  d o  n o t  u s e  l i n e a r i z a t i o n .  W e  a p p l y  b r u t a l  f o r c e  t o

  s o l v e  t h e  f u l l ,  o v e r d e t e r m i n e d  s y s t e m  o f  n o n - l i n e a r  e q u a t i o n s  i n  l e a s t - s q u a r e

  s e n s e .  I n t e n d e d  j u s t  f o r  v e r i f i c a t i o n  o f  t h e  l i n e a r i z a t i o n  m e t h o d .

  R e s u l t s :  I t  h a s  b e e n  f o u n d  t h a t  t h e  d i f f e r e n c e  i n  P W V  i s  m a x .  0 . 0 1  m m  a n d  i n

  b r i g h t n e s s  t e m p e r a t u r e  ~ 3  K  -  s e e  P R 1 6 .  A s  a  r e s u l t ,  w e  f u r t h e r  d e v e l o p  j u s t

  t h e  l i n e a r i z e d  v e r s i o n  d W d B _ T b s ( ) .

  " " "

  # - - -  S t a t i c  p a r a m e t e r s

  # -  D i r s

  plotDir='./sciPWVs'

  # -  T o o l s  ( t o  b e  e x t e n d e d  b y  p o s s i b l e  g l o b a l  t o o l s  a s  p a r a m s )

  myMS=mstool()
  myMS.open(vis)

  myMsmd=msmdtool()
  myMsmd.open(vis)

  
  #-  Source

  
  #  I n i t i a l  g u e s s  o f  t h e  s o l a r  b r i g h t n e s s  t e m p e r a t u r e .

  Tsun0=6000.0

  #  b _ 2 = 2 . 0 * a _ 2 ,  w h e r e  a _ 2  i s  t h e  t e m p e r a t u r e  d r o p  w i t h  f r e q u e n c y  i n  E q .  ( 4 )

  #  i n  A l l i s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  b_2= -1127.0 #  =  2 x  ( - 5 6 3 . 5 K )  a s  p e r  T a b l e  2  i n  A l l i s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  
  #  R e f e r e n c e  f r e q u e n c y  f o r  t h e  s o l a r  s p e c t r u m :  W e  t a k e  t h e  L O  f r e q u e n c y  ( i n  H z )

  f_LO=1.98e11

  #-  Antenna

  #  R e a r - s p i l l o v e r  +  o h m i c  a n t e n n a  e f f i c i e n c y  ( s e e  T a b .  ?  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  eta_l=0.97
  #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y  ( s e e  T a b .  ?  i n  W h i t e  e t  a l .  2 0 1 7 ) .
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  eta_F=0.95

  # Extract Tamb from ASDM_CADEVICE.

  # NB:  Now we use  aU.ge tLoadTempera tu res( )  fo r  a l l  an tennas  and scans  and

  #  t h e n  p i c k  j u s t  o u r  a n t e n n a  a n d  s c a n .  D o  i t  b e t t e r  l a t e r .

  TLoad = aU.getLoadTemperatures(vis, doplot = False,
                                 warnIfNoLoadTemperatures = True,
                                 mymsmd=myMsmd)
  Tamb = TLoad[antID][atmScan]['amb']

  
  #- SPWs

  
  #  I n t e g r a t i o n  l i m i t s  f o r  r e s o l v e d  A C  S P W s .

  startChan=7
  stopChan=120
 
  #- Atmosphere

  
  #  C a l c u l a t e  l i m i t i n g  T b S k y  f o r  i n f i n i t e  P W V :  I t  i s  a  c o n s t a n t  c l o s e  t o

  #  t h e  t r o p o s p h e r i c  t e m p e r a t u r e  f o r  t h e  A L M A  a r r a y  ( M e t e o C e n t r a l ) .

  TbsInf=myAtm.getTebbSky(spwid=0,nc=0,
                          wh2o=qa.quantity(1000000.0,'mm'))['value'][0]

  # In i t ia l  guess o f  mean PWV: Scan-center  in terpo la ted ASDM_CALWVR va lue.

  w0=getPWVforAnt(vis,tgtScan,antID)['pwvAvg']

  #  S e t  i n i t i a l  e s t i m a t i o n  o f  P W V  t o  t h e  A T M  m o d e l .

  myAtm.setUserWH2O(qa.quantity(w0,'mm'))

  #  A i r m a s s  f o r  t h e  s o l a r  s c a n .

  airMass=myAtm.getAirMass()

  print('....... Initial estimate')
  print('Mean PWV for scan,',tgtScan,' w0 = ',w0,' @airMass = ',airMass)
  print('.......')

  #- SciSPW to AtmSPW mapping.

  # How sc ience  SPWs map to  the  SPW 0  -  3  in  the  ATM too l .

  sciAtmMap={0:0,1:1,2:2,3:3,5:0,6:0,7:1,8:1,9:2,10:2,11:3,12:3}
  

  # - - -  R e a d - o u t  t h e  s k y  b r i g h t n e s s  t e m p e r a t u r e s  f o r  a l l  S P W s  i n  t h e  s p w L i s t .

  #  S to re  t he  f r equency -ave raged  sky  t empera tu res  i n  a  map

  #  spwId  ->  np .a r ray (nT imeSamples ) .  Do  no t  use  2D a r ray  as  we  index  by  the  SPW

  #  i d ,  w h i c h  i s  s p a r s e  i n  t h e  s e t  o f  i n t e g e r s .

  Txx={}
  Tyy={}

  
  f o r sciSPW i n spwList:
    
    #  R e a d  A C D  c a l i b r a t e d  s k y  t e m p e r a t u r e s  f o r  t h e  t a r g e t  d e f i n e d  b y  t a r g e t S c a n .

    time,TxxS,TyyS=tgt_Tb(vis,atmScan,tgtScan,antID,sciSPW,myMS,myMsmd)
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    #  W e  h a v e  d i f f e r e n t  h a n d l i n g  f o r  f r e q u e n c y - r e s o l v e d  a n d  i n t e g r a t e d  S P W s .

    nChans=TxxS.shape[0]

    i f (nChans > 1):
      
      # Resolved AC SPWs.

      #  T r i m  t h e  s p e c t r a l  e d g e s  b y  p o s i n g  t h e  i n t e g r a t i o n  l i m i t s  a n d  a v e r a g e

      #  o v e r  t h e  r e m a i n i n g  c h a n n e l s .

      
      TxxM=np.mean(TxxS[fChans],axis=0)
      TyyM=np.mean(TyyS[fChans],axis=0)
      
    else:
      
      # In tegra ted  ACs or  SQLDs.

      #  The  s i ng le  channe l  a l r eady  rep resen t s  a  mean  ove r  t he  band -pass .

      
      TxxM=TxxS[0]
      TyyM=TyyS[0]
      
      # The SQLD spws have 12x h igher  cadence than the ACs.  Rebin the SQLD

      #  d a t a  i n  t i m e  t o  h a v e  a  h o m o g e n e o u s  s e r i e s .  D o  t h e  s a m e  f o r  t i m e  a x i s .

      i f  sciSPW i n [0,1,2,3,13,14,15,16]:
        TxxM=rebin(TxxM,12)
        TyyM=rebin(TyyM,12)
        time=rebin(time,12)

    #  Append  t he  f r equency -ave rged  t ime  se r i es  f o r  each  SPW to  t he  Tsky  a r rays .

    Txx[sciSPW]=TxxM
    Tyy[sciSPW]=TyyM
   
  # - - > e n d f o r ( s c i S p w s  i n  l i s t )

  #  C o u n t  t h e  S P W  i n  t h e  l i s t .

  numSpw=len(spwList)
  #  C o u n t  t h e  t i m e  s a m p l e s  i n  d a t a .

  nSamples=len(time)
  
  #  T h e  d a t a  a r e  r e a d - o u t ,  c l o s e  t h e  t o o l s .

  myMsmd.done()
  myMS.close()

 
  # - -  A l l o c a t e  a r r a y s  t o  b e  u s e d  f o r  m a t r i x  A  a n d  t h e  R H S - v e c t o r  C  c a l c u l a t i o n s

  #   f rom the ATM model .  They have just  nAtmSPWs components.

  #  F i n d  t h e  a r r a y  d i m s .

  nAtmSPWs=myAtm.getNumSpectralWindows()
  nChans=myAtm.getNumChan(0)
    
  #  A l l o c a t e  t h e  m o d e l  s k y  ( s o u r c e  +  a t m )  t e m p e r a t u r e .

  Tsky=np.zeros(nAtmSPWs)
  
  #  A l l o c a t e  s e n s i t i v i t y  f a c t o r s  f o r  d W  a n d  d B  ( J a c o b i a n  e l e m e n t s ) .

  SW=np.zeros(nAtmSPWs)
  SB=np.zeros(nAtmSPWs)  

  #  A l l o c a t e  a n d  f i n d  f r e q u e n c i e s  o f  c h a n n e l s  i n  a l l  o u r  A T M  S P W s .



2.10.2026 sol_wvgcal.py 130

file:///home/barta/ALMAsol/sol_wvgcal.py

  spw_freqs=np.zeros((nAtmSPWs,nChans))

  f o r atmSpw i n range(nAtmSPWs):
    
    fMin=myAtm.getMinFreq(atmSpw)['value'][0]* 1.0e9 # GHz to Hz

    df=myAtm.getChanSep(atmSpw)['value'][0]* 1.0e6   # MHz to Hz

    
    spw_freqs[atmSpw]=fMin+df* np.arange(nChans)

  # - - -  I m p r o v e  a  g u e s s  o f  t h e  m e a n  s o l a r  b r i g t h n e s s  t e m p e r a t u r e .

  TsolEst=np.zeros(numSpw)

  spwCount=0
  f o r sciSPW i n spwList:

    #  Map  the  sc i  SPW to  i t s  co r respond ing  ATM coun te rpa r t

    atmSPW=sciAtmMap[sciSPW]
      
    #  S k y  b r i g h t n e s s  i n  a  g i v e n  S P W  f o r  t h e  c u r r e n t  P W V  e s t i m a t e .

    TbsEst=myAtm.getAverageTebbSky(atmSPW,qa.quantity(w0,'mm'))['value'][0]
  
    #  D r y  z e n i t h  o p a c i t y

    tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
    #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

    tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
    #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

    opacity=airMass* (tau_wet+tau_dry)

    #  Mean  ( spw-ave raged )  t r ansmiss i v i t y

    transM=np.mean(np.exp(- opacity))
    #  F r e q u e n c y - d e p e n d e n t  p a r t  o f  s o l a r  s p e c t r u m  w e i g h t e d  b y  t r a n s m i s s i v i t y .

    SFtrans=np.mean(np.exp(- opacity)* np.log(spw_freqs[atmSPW]/ f_LO))

    #  <Tsky>  es t ima t ion  f rom measurements ,  ave raged  ove r  t ime  and  po ls .

    TskyEst=0.5* (Txx[sciSPW].mean()+Tyy[sciSPW].mean())

    TsolEst[spwCount]=(TskyEst- (1.0- eta_F+eta_l)* TbsEst
                       - eta_l* eta_F* b_2* SFtrans
                       - (1.0- eta_l)* Tamb)/ (eta_l* eta_F* transM)

    spwCount+=1
   
  #- ->  end fo r (sc i  SPWs)

  # Make a  new guess  o f  Tsun as  an  average.

  Tsun0=TsolEst.mean()
  print("Tsun = ",Tsun0,"+/-",TsolEst.std())

  # - -  A v e r a g e  s o l a r  s p e c t r u m  ( d i m e n s i o n - l e s s ,  n o r m a l i s e d  t o  1 . 0  a t  f = f _ L O )

  # I t  has  the  same d imens ions  as  spw_f reqs ,  i .e .  nAtmSPWs x  nChans

  SF=1.0+b_2/ Tsun0* np.log(spw_freqs/ f_LO)

  
  # - - -  S o l v e  t h e  s e t  o f  n o n - l i n e a r  e q u a t i o n s  f o r  f u l l  P W V  a n d  f u l l  T _ B .

  #     U s e  t h e  l e a s t  s q u a r e  m i n i m i z e r ,  i t e r a t e  u n t i l  w e  a r e  n o t  c l o s e  t o  z e r o .
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  #     D o  m i n i m i s a t i o n  f o r  e a c h  t i m e  i n s t a n t  s e p a r a t e l l y .

  
  # - -  I t e r a t i o n  s t a t i c  s e t u p .

  #  H a l f  d w  f o r  t h e  e s t i m a t i o n  o f  d / d w 0  d e r i v a t i v e s

  dws=0.05 # mm

  #  H a l f  d T b  f o r  t h e  e s t i m a t i o n  o f  d / d T _ B  d e r i v a t i v e s

  dTs=5.0 # K

  #  S t o p p e r  b a s e d  o n  g r a d i e n t  o f  t h e  l e a s t - s q u a r e  f u n c t i o n a l .

  grad_max=0.01

  # - -  T i m e  l o o p  o v e r  a l l  t i m e  s a m p l e s .

  #  I n i t i a l  e s t i m a t i o n  p f  p w w  a n d  T _ B

  pwv=w0
  T_B=Tsun0

  #  R e s u l t i n g  t i m e  s e r i e s .

  pwv_TS=np.zeros(nSamples)
  Tb_TS=np.zeros(nSamples)

  
  f o r ts i n range(nSamples):

    # - -  N e w t o n - R a p h s o n  i t e r a t i o n s  f o r  l e a s t - s q u a r e  r e s i d u u m  m i n i m i s e r .

    #  I n i t i a l  v a l u e  o f  t h e  m i n i m i z e r  g r a d i e n t  -  a n y  b i g g e r  t h e n  t h e  s t o p p e r .

    #  W e  c a l c u l a t e  t h e  g r a d i e n t  i n s i d e  t h e  l o o p .

    grad_curr=0.5
    #  I t e r a t i o n  c o u n t e r .

    itCount=0
    
    while((grad_curr > grad_max) and (itCount < 20)):

      #  ' O p e r a t i o n  p o i n t s ' :  W e  e v a l u a t e  t h e  m i n i m i z e r  g r a d i e n t  i n  t h e  c u r r e n t

      #  p w v  a n d  T _ B ,  a n d  t h e  s u r r o u n d i n g  p o i n t s .

      op_points=[[pwv,T_B],
                 [pwv+dws,T_B],
                 [pwv- dws,T_B],
                 [pwv,T_B+dTs],
                 [pwv,T_B- dTs]]

      GGP=np.zeros((5,2))

      
      opIndex=0
      
      f o r opp i n op_points:

        JJ=np.array([])
        BB=np.array([])
 
        wC=opp[0]
        T_Bc=opp[1]
        
        #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .
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        myAtm.setUserWH2O(qa.quantity(wC,'mm'))

        # -  Loop  ove r  4  ATM spws  -  t hese  co r respond  to  t he  channe l - reso l ved  ACs .

        #  Some fac to rs  depend on ly  on  the  ATM mmode l ,  no t  the  sc iSPW da ta .

        f o r atmSPW i n range(nAtmSPWs):
          
          # -  M o d e l  v a l u e  o f  t h e  a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

          TbsW0=myAtm.getTebbSkySpec(atmSPW,qa.quantity(wC,'mm'))[1]['value']
          
          # -  S l o p e  o f  t h e  a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

          TbsW0H=myAtm.getTebbSkySpec(atmSPW,
                                      qa.quantity(wC+dws,'mm'))[1]['value']
          TbsW0L=myAtm.getTebbSkySpec(atmSPW,
                                      qa.quantity(wC- dws,'mm'))[1]['value']
        
          dTdW=(TbsW0H- TbsW0L)/ (2.0* dws)

          # -  O p a c i t i e s  &  t r a n s m i s i v i t y  ( s p e c t r a l )

    
          #  D r y  z e n i t h  o p a c i t y

          tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
          #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

          tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
          # Wet  opac i ty  per  1mm PWV sca led by a i rmass.

          tau_1=airMass* tau_wet/ wC
          #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

          opacity=airMass* (tau_wet+tau_dry)
          #  T r a n s m i s s i v i t y  ( s p e c t r a l ) .

          trans=np.exp(- opacity)
          
          #-  Tsky  mode l .  Weighted averages over  the  SPW.

          Tsky[atmSPW]=(eta_l* eta_F* T_Bc* np.mean(trans* SF[atmSPW])
                        +(1.0- eta_F+eta_l)* np.mean(TbsW0)
                        +(1.0- eta_l)* Tamb)
          
          # -  Sens i t i v i t i e s  =  Jacob ian  e l emen ts .  We igh ted  ave rages  ove r  t he  SPW.

          #  S e n s i t i v i t y  f a c t o r  f o r  P W V .

          SW[atmSPW]=(- eta_l* eta_F* T_Bc* np.mean(trans* tau_1* SF[atmSPW])
                      +(1.0- eta_F+eta_l)* np.mean(dTdW))
        
          #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r - b r i g t h n e s s .

          SB[atmSPW]=eta_l* eta_F* np.mean(trans* SF[atmSPW])
      
        #-->endfor(ATM spws)

        # - -  L o o p  o v e r  a l l  s c i S P W S  i n  t h e  l i s t .

        f o r sciSPW i n spwList:

          #  Map  the  sc i  SPW to  i t s  co r respond ing  ATM coun te rpa r t

          atmSPW=sciAtmMap[sciSPW]
        
          #  S e t  t h e  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  S P W  a s  t w o  r o w s  p e r  p o l .

          #  H e r e ,  t h e  r o w s  a r e  r e p e a t i n g  i n  t h e  J a c o b i a n  m a t r i x  a s  t h e  s e n s .

          #  f a c t o r s  c a l c u l a t e d  f r o m  t h e  m o d e l  d o  n o t  d e p e n d  o n  X X / Y Y .

          JJ=np.append(JJ,[SW[atmSPW],SB[atmSPW]])
          JJ=np.append(JJ,[SW[atmSPW],SB[atmSPW]])
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          # RHS:  Measured  Txx  and Tyy ,  sub t rac ted  f rom the  mode l  Tsky  

          BB=np.append(BB,Tsky[atmSPW]- Txx[sciSPW][ts])
          BB=np.append(BB,Tsky[atmSPW]- Tyy[sciSPW][ts])      
        # - - >  e n d f o r ( s c i  s p w s  i n  l i s t )

   
        #  Re-shape  the  Jacob ian  ma t r i x  t o  be  nVars  x  (nPo ls *numSpw)  a r ray

        JJ=np.reshape(JJ,(2* numSpw,2))

        # Re-shape the  RHS to  be  a  co lumn vec to r  o f  (nPo ls*numSpw)  d im.

        BB=np.reshape(BB,(2* numSpw,1))
      
        # Transposed Jacobian

        JJT=np.transpose(JJ)

        #  M i n i m i z e r :  G r a d i e n t  o f  t h e  m e r i t  f u n c t i o n .  W e  l o o k  f o r  i t s  n u l l  p o i n t .

        GGP[opIndex]=np.transpose(np.matmul(JJT,BB))

        opIndex+=1
      # - ->end fo r (op Index )

      # - -  M i n i m i z e r  g r a d i e n t  a n d  i t s  J a c o b i a n

      
      GG=GGP[0]

      GG_wPlus=GGP[1]
      GG_wMinus=GGP[2]

      GG_TbPlus=GGP[3]
      GG_TbMinus=GGP[4]

      JG11=(GG_wPlus[0]- GG_wMinus[0])/ (2.0* dws)
      JG21=(GG_wPlus[1]- GG_wMinus[1])/ (2.0* dws)
      
      JG12=(GG_TbPlus[0]- GG_TbMinus[0])/ (2.0* dTs)
      JG22=(GG_TbPlus[1]- GG_TbMinus[1])/ (2.0* dTs)
     
      #  J a c o b i a n  i n v e r s i o n .

      iDet=1.0/ (JG11* JG22- JG21* JG12)
      
      iG11=iDet* JG22
      iG12= -iDet* JG21
      iG21= -iDet* JG12
      iG22=iDet* JG11

      #  N - R  s h i f t

      dWnr= -(iG11* GG[0]+iG12* GG[1])
      dTnr= -(iG21* GG[0]+iG22* GG[1])

      #  N - R  u p d a t e  o f  v a r i a b l e s .

      pwv+=dWnr
      T_B+=dTnr
      
      #  Grad ien t  cu r ren t  magn i t ude

      grad_curr=np.sqrt(GG[0]* GG[0]+GG[1]* GG[1])

      itCount+=1
      print("After iteration no. ",itCount," ||grad|| = ",grad_curr)
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    #- ->endwhi le (g rad_cur r  >  g rad_max)

    print("Finished for time sample no. ",ts, ", PWV = ",pwv,", T_Sun = ",T_B)

    pwv_TS[ts]=pwv
    Tb_TS[ts]=T_B

  # - - >  e n d f o r ( t i m e  s a m p l e s )

  return time,pwv_TS,Tb_TS

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdBdG2_weights(vis,atmScan,tgtScan,myAtm,antID,spwList,T_tgt= -1.0e6,
                    flaggedData=[],myMS=None,myMsmd=None,acdLoads=None):
  
  " " "

  Essen t ia l l y  the  same as  dWdBdG2( ) ,  bu t  now we compose &  so lve  the  g rand-sys tem

  f o r  e n t i r e  r a n g e  o f  c a l W e i g h t s  ( f r o m  1 0 0  t o  1 0 0 0 )  a n d  m W e i g h t s  ( 1 0 0  -  1 0 0 0 0 )

  r u n  i n  a  l o o p .

  

  Why  we do  no t  make  the  dWdBdG2( )  paramet r i zed  by  *ca l /mWeigh t *  and  run  jus t

  t h e  w r a p p i n g  f u n c t i o n ,  w h i c h  c a l l s  d W d B d G 2 ( )  i n  a  l o o p  w i t h  v a r y i n g  w e i g h t s ?

  T h e  r e a s o n  i s  t e c h n i c a l :  T h e  m o s t  t i m e - c o n s u m i n g  o p e r a t i o n  i s  r e a d i n g

  a n d  p r o c e s s i n g  t h e  s c i - S P W  d a t a .  I n  t h i s  f u n c t i o n  w e  h a v e  a  l o o p  j u s t  o v e r

  t h e  g r a n d - s y s t e m  s o l u t i o n ,  w h i c h  r e p r e s e n t s  l e s s  t h e n  1 0 %  o f  C P U  t i m e  s p e n t

  in  dWdBdG2( ) .

  The goa l  is  to  f ind ,  how much the mean parameters  <PWV> and <TsunXX/YY> are

  s e n s i t i v e  t o  t h e  c a l W e i g h t / m W e i g h t  s e l e c t i o n .  N o t e ,  t h a t  t h e  f l u c t u a t i o n s  d W ,

  d T B x x ,  a n d  d T b y y ,  a r e  q u i t e  r o b u s t  -  t h e y  d o  n o t  s i g n i f i c a n t l y  c h a n g e  e v e n

  be tween var ious  dPWV prox ies  l i ke  dWdB() ,  dWdB_Tbs( ) ,  dWdBdG[2 ] ( )  o r

  d W d B _ T b s _ N L ( )  a n d  a r e ,  t o  a  l a r g e  e x t e n t ,  i n d e p e n d e n t  o f  t h e i r  r e s p e c t i v e

  means.

  M o r e o v e r ,  w e  a r e  c h e c k i n g  m o r e  i n  d e t a i l  ( w i t h  m u c h  f i n e r  c a l / m W e i g h t  s a m p l i n g

  o v e r  t h e  s e l e c t e d  i n t e r v a l ) ,  h o w  t h e  p a r t i c u l a r  e r r o r s  ( X i - s q u a r e s )  f o r

  t h e  n a t u r a l  ( p w v ,  T _ b X X / Y Y ) , i n s t r u m e n t a l  ( G ,  P _ i n s t ) ,  a n d  a r r a y - m e a n  ( T _ t g t )

  p a r t s  o f  t h e  s o l u t i o n  v e c t o r  d e p e n d  o n  c a l / m W e i g h t .  L a s t l y ,  t h e  n u m b e r  o f

  i t e r a t i o n s  n e e d e d  f o r  t h e  c o n v e r g e n c e  i s  b e i n g  w a t c h e d .

  I m p l e m e n t a t i o n :  W e  v a r y  a l w a y s  j u s t  o n e  w e i g h t  ( c a l -  o r  m W e i g h t ) :  t h e  s e c o n d

  i s  s e t  s t a t i c  t o  i t s  o p t i m i s e d  v a l u e  f o u n d  b y  v a r i a t i o n .  S e l e c t i o n  i s

  pe r f o rmed  i n  t he  code  -  commen t /uncommen t  se lec t i on  o f  * t heWe igh t *  be low .

  We igh t  r ange  and  samp l i ng  i s  con t ro l l ed  a l so  manua l l y  by  wLow and  wH igh  range

  a n d  t h e  n u m b e r  o f  s a m p l e s  c o d e  i n  w I t S i z e .  

  

  R e s u l t s :   I t  h a s  b e e n  f o u n d  t h a t  t h e  o p t i m u m  v a l u e  f o r  c a l W e i g h t  l i e s  b e t w e e n

  1 0 0  a n d  3 0 0 .  A t  l o w  v a l u e s ,  t h e  X i ^ 2  f o r  i n s t r u m e n t a l  v a r i a b l e s  i s  h i g h  a n d

  i s  i m p r o v i n g  w i t h  i n c r e a s i n g  c a l W e i g h t .  N e v e r t h e l e s s ,  a r o u n d  2 0 0  t h e

  i m p r o v e m e n t  o f  X i ^ 2  i n s t .  s l o w s  d o w n ,  w h i l e ,  a t  t h e  s a m e  m o m e n t ,  t h e  2 n d  p a r t

  o f  t h e  e r r o r  v e c t o r ,  t h e  X i ^ 2  f o r  n a t u r a l  v a r i a b l e s ,  s t a r t  r a p i d l y  i n c r e a s i n g .
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  T h e  < P W V >  a n d  < T s u n X X / Y Y >  a r e  p r e t t y  f l a t  i n  t h i s  r e g i o n  o f  c a l W e i g h t s ,  s o

  i t  i s  s a f e  t o  s e l e c t  c a t W e g h t = 2 0 0 .  T h i s  i s  a c t u a l l y  t h e  v a l u e  e v e n t u a l l y  u s e d

  i n  p r o d u c t i o n  v e r s i o n  o f  d W d B d G 2 ( ) .

  " " "

  # - - -  S t a t i c  p a r a m e t e r s

  
  # -  T o o l s ,  g l o b a l  d a t a

  
  #  F l a g s  u s e d  t o  c h e c k ,  w h e t h e r  w e  s h o u l d  c l o s e  t h e  t o o l  l a t e r .

  ownMS=False
  ownMsmd=False

  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMS):
    #  Open  the  ms  too l

    myMS=mstool() 
    myMS.open(vis)
    ownMS=True

  i f (not myMsmd):
    # Open the  msmd too l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True
    
  #  C r e a t e  o u r  d i c t i o n a r y  w i t h  A C D  l o a d  t e m p e r a t u r e s  ( a m b i e n t ,  h o t )  i f  n e e d e d .

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis, doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)
    
  #-  Antenna

  antNames=myMsmd.antennanames()
  myAntName=antNames[antID]
  antType=myAntName[:2]

  #  M a p  t h e  a n t e n n a  e f f i c i e n c i e s  b y  a n t e n n a  t y p e .  A s  p e r  i n v e s t i g a t i o n  f r o m

  # merged T_sun tempera tures  fo rm 2023 and 2026 data  (p ro jec t_22_25_Tb.ods) .

  eta_l_map={'CM':0.941,'DA':0.947,'DV':0.956}
  eta_F_map={'CM':0.891,'DA':0.897,'DV':0.906}

  #  R e a r - s p i l l o v e r  +  o h m i c  a n t e n n a  e f f i c i e n c y  -  s e e  p r o j e c t _ 2 2 _ 2 5 _ T b . o d s

  eta_l=eta_l_map[antType]
  #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y  -  s e e  p r o j e c t _ 2 2 _ 2 5 _ T b . o d s

  eta_F=eta_F_map[antType]

  #  W e  h a v e  t w o  e x c e p t i o n  t h a t  s e e m  t o  h a v e  s y s t e m a t i c a l l y  l o w e r

  #  an tenna  e f f i c ienc ies :  DA64  and  DV08  -  see  p ro jec t_22_25_Tb .ods

  i f  myAntName=='DA64':
    eta_l=0.929
    eta_F=0.880
  i f  myAntName=='DV08':
    eta_l=0.943
    eta_F=0.894

  #  E x t r a c t  a m b i e n t  &  h o t  t e m p e r a t u r e s  f o r  t h e  c u r r e n t  a n t e n n a  a n d  s c a n .
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  #  I t  d e t e r m i n e s  t h e  r e a r - s p i l l o v e r  c o n t r i b u t i o n  t o  n o i s e .

  #  S c a l e d  t o  k i l o K e l v i n s ! ! !

  Tamb = 0.001* acdLoads[antID][atmScan]['amb']
  Thot = 0.001* acdLoads[antID][atmScan]['hot']
  
  #  O p t i m i z e d  w e i g h t  o f  t h e  A C D  c a l i b r a t i o n  e q u a t i o n s  i n  t h e  s y s t e m .

  # Search mark in dWdBdG2_weights(): CW_1W

  calWeight=100000.0

  # -  T a r g e t

  
  #  I n i t i a l  g u e s s  o f  t h e  s o l a r  b r i g h t n e s s  t e m p e r a t u r e .

  #  S D  c a l i b r a t i o n  s c r i p t :  R e f e r e n c e  T _ b  f o r  s o l a r  d i s c  c e n t e r  @ 1 9 8 G H z

  TsunCenter=6.300  #  k i l o K e l v i n s ! ! !

  #  S o l a r  r a d i u s .

  Rsun=696000 # km

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    
  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  D e c  2 0 2 3  B a n d  5  o b s e r v a t i o n .

  x_h=928.0 #  a rcsec

  y_h=87.0  #  a rcsec

  #  Ea r t h -Sun  d i s t ance  f o r  Dec  2023  Band  5  obse rva t i on .

  Dsun=1.4723338439337283e8 # km

  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  " " "

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    

  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  J u l y  3 0  2 0 2 6  B a n d  5  o b s e r v a t i o n .

  ' ' '

  T a r g e t :         R A = 0 8  3 7  1 8 . 0 1  D E C = + 1 8  3 1  2 3 . 0

  Sun  cen te r :     RA=08 38  15 .79  DEC=+18 28  47 .2

  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

  d i f f  ( a r c s e c ,  i n c l .  c o s ( d e l t a ) ) :  8 2 2    1 5 5 . 8

  ' ' '

  x_h=822 .0  #  a rcsec

  y _ h = 1 5 5 . 8   #  a r c s e c

  

  #  E a r t h - S u n  d i s t a n c e  f o r  J u l y  3 0  2 0 2 6  B a n d  5  o b s e r v a t i o n .

  Dsun=1.01508611721886*149597870.700 # km

  

  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  " " "

  
  #  A p p a r e n t  a n g u l a r  s o l a r  r a d i u s  i n  a r c s e c .

  r_sol=180.0* 3600.0* Rsun/ (Dsun* np.pi)
  
  #  m u = c o s ( t h e t a ) .  U s e d  f o r  l i m b - b r i g h t e n n i n g  c o r r e c t i o n  b e l o w .

  mu=np.sqrt(1.0- (x_h* * 2+y_h* * 2)/ r_sol* * 2)
  
  #  b _ 2 = 2 . 0 * a _ 2 ,  w h e r e  a _ 2  i s  t h e  t e m p e r a t u r e  d r o p  w i t h  f r e q u e n c y  i n  E q .  ( 4 )

  #  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  S c a l e d  t o  k i l o K e l v i n s !
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  b_2= -1.127 #  =  2 x  ( - 5 6 3 . 5 K )  a s  p e r  T a b l e  2  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  #  B r i g h t n e s s  t e m o e r a t u r e  c o r r e c t e d  t o  l i m b  b r i g h t e n n i n g  -  s e e

  #  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  

  Tsun00=TsunCenter+0.5* b_2* np.log(mu)

  #  We igh t  o f  t he  a r ray -mean  equa t i on  <T_B( t )>=T_ tg t_a r rayMean  i n  t he  sys tem.

  #  I f  T _ t g t  i s  n o t  e x p l i c i t l y  s e t  ( t h e  d e f a u l  v a l u e  i s  - 1 M K ) ,  d o  n o t  a p p l y

  #  t h i s  e q u a t i o n  a t  a l l .  T h i s  c a n  b e  a c h i e v e d  b y  s e t t i n g  i t s  w e i g h t  t o  0 .

  i f (T_tgt < - 10000.0):
    #  D o  n o t  a p p l y  T _ t g t  b o n d .  I f  m W e i g h t  i s  z e r o ,  T _ t g t  i s  i r r e l e v a n t .

    T_tgt=0.0
    mWeight=0.0
  else:
    #  W e  u s e  k i l o K e l v i n s  i n  c a l c u l a t i o n s ,  r e - s c a l e  T _ t g t  t o  k K ,  t o o .

    T_tgt*=0.001
    #  S e t  t h e  e x p e r i m e n t a l l y  f o u n d  o p t i m i z e d  m W e i g h t .

    # Search mark in dWdBdG2_weights(): MW_1W

    mWeight=5000.0  

  #- SPWs

  #  L O  f r e q u e n c y .  W e  t a k e  i t  a s  a  r e f e r e n c e  f r e q u e n c y  f o r  t h e  s o l a r  s p e c t r u m .

  f_LO=1.98e11 #  i n  H z

  #  I n t e g r a t i o n  l i m i t s  f o r  r e s o l v e d  A C  S P W s .

  startChan=8
  stopChan=120
  
  fChans=range(startChan,stopChan)
    
  #- Atmosphere

  
  # In i t ia l  guess o f  mean PWV: Scan-center  in terpo la ted ASDM_CALWVR va lue.

  pwv0=getPWVforAnt(vis,tgtScan,antID,myMsmd)['pwvAvg']

  #  S e t  i n i t i a l  e s t i m a t i o n  o f  P W V  t o  t h e  A T M  m o d e l .

  myAtm.setUserWH2O(qa.quantity(pwv0,'mm'))

  #  A i r m a s s  f o r  t h e  s o l a r  s c a n .

  airMass=myAtm.getAirMass()

  #  P r i n t  t h e  i n i t i a l  e s t i m a t e s .  T e m p e r a t u r e  t o  b e  s c a l e d  f r o m  k i l o K e l v i n s  t o  K .

  print('....... Initial estimate')
  print('Mean PWV for scan,',tgtScan,' w0 = ',pwv0,' @airMass = ',airMass)
  print('Estimated T_B = ',1000.0* Tsun00)
  print('.......')

  #- SciSPW to AtmSPW mapping.

  # How sc ience  SPWs map to  the  SPW 0  -  3  in  the  ATM too l .

  sciAtmMap={0:0,1:1,2:2,3:3,5:0,6:0,7:1,8:1,9:2,10:2,11:3,12:3}
  
  # - - -  R e a d - o u t  t h e  s k y + s r c  p o w e r s  f o r  a l l  S P W s  i n  t h e  s p w L i s t .

  #  S to re  t he  f r equency -ave raged  sky+s rc  powers  i n  a  map .

  #  spwId  ->  np .a r ray (nT imeSamples ) .  Do  no t  use  2D a r ray  as  we  index  by  the  SPW



2.10.2026 sol_wvgcal.py 138

file:///home/barta/ALMAsol/sol_wvgcal.py

  #  i d ,  w h i c h  i s  s p a r s e  i n  t h e  s e t  o f  i n t e g e r s .

  Pxx={}
  Pyy={}

  # -  S i m i l a r  m a p s  f o r  t h e  g a i n s  a n d  i n s t r u m e n t a l  p o w e r s  P _ i n s t = G * T _ i n s t .

  #   H e r e ,  a l l  g a i n s  a n d  P _ i n s t  a r e ,  i n  f a c t ,  t h e  G *  a n d  P _ i n t s *  v a l u e s  f o r  t h e

  #   h i g h e r - a t t e n u a t i o n  s o l a r  r e g i m e .  I n  o r d e r  t o  a p p e n d  t h e  A C D  c a l i b r a t i o n

  #   equa t ions ,  whose  measurements  a re  pe r fo rmed  in  the  no rma-a t tenua t ion  reg ime

  #   i n  t h e  p r e c e d i n g  A T M  s c a n ,  w e  d e t e r m i n e  a l s o  t h e  a t t e n u a t i o n  f a c t o r s

  #   AF=G* /G  and  re la ted  power  o f f se t s  AO.

  
  #  F r e q u e n c y - a v e r a g e d  g a i n s .  T h e  s c a l e  f o r  t h e  s p e c t r a l - r e s o l v e d  n o r m .  g a i n s .

  Gxx={} 
  Gyy={}

  #  A t t e n u a t i o n  f a c t o r s  G / G * = ( P _ s k y - P 0 ) / ( P _ o f f - P o ) .  A t t r i b u t e d  t o  e v e r y - s p w

  #  G x x  &  G y y ,  b u t  a c t u a l l y  c a l c u l a t e d  j u s t  i n  S Q L D  s p w s ,  t h e  r e s t  i s  m a p p e d .

  AFxx={}
  AFyy={}

  afMap={0:0,1:1,2:2,3:3,5:0,6:0,7:1,8:1,9:2,10:2,11:3,12:3}

  #  A t t enua t i on -based  power  o f f se t s  AO=-Po* (P_sky -P_o f f ) / (P_o f f -Po ) .

  #  They  a re  non-zero  on ly  in  SQLD spws .

  AOxx={}
  AOyy={}

  #  S p e c t r a l  g a i n  n o r m a l i z e d  t o  1 . 0 .  A c u a l  A C D - b a s e d  v a l u e s  i n  s p e c t r a l  A C  s p w s ,

  #  a  t r i v i a l  1 . 0  n d a r r a y  f o r  i n t e g r a t e d - A C  a n d  S Q L D  s p w s .

  gXX={}
  gYY={}

  # Frequency-averaged ins t rumenta l  powers .

  PIxx={}
  PIyy={}

  # -  F i n a l l y ,  t h e  r a w  A C D - c a l i b r a t i o n  p o w e r s .

  # Ambien t - load  powers .

  PxxAmb={}
  PyyAmb={}

  #  Ho t - l oad  powers .

  PxxHot={}
  PyyHot={}
  
  # - -  R e a d  t h e  d a t a  a n d  A C D  c a l i b r a t i o n  t a b l e s  i n  a  l o o p  o v e r  a l l  s c i S P W s .

  
  f o r sciSPW i n spwList:

    #-  Raw data & ACD tab les

    
    #  R e a d  r a w  s c i e n c e  p o w e r s  f o r  t h e  t a r g e t  d e f i n e d  b y  t a r g e t S c a n .

    time,P_src=tgt_pow(vis,tgtScan,antID,sciSPW,myMS=myMS,myMsmd=myMsmd,
                       subScans='on')

    PxxS=P_src[0]
    PyyS=P_src[1]
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    #  R e a d  A C D  c a l i b r a t i o n s  -  g a i n s , T i n s t ,  a n d  c a l i b r a t i o n  p o w e r s .

    calDict=acd_calTabs(vis,atmScan,antID,sciSPW,myMS=myMS,myMsmd=myMsmd,
                        acdLoads=acdLoads)
    
    Pcals=calDict['calPows']
    
    PxxAmbS=Pcals['P_amb'][0]
    PyyAmbS=Pcals['P_amb'][1]

    PxxHotS=Pcals['P_hot'][0]
    PyyHotS=Pcals['P_hot'][1]

    
    #  W e  h a v e  d i f f e r e n t  h a n d l i n g  f o r  f r e q u e n c y - r e s o l v e d  a n d  i n t e g r a t e d  S P W s .

    #  F ind  the  number  o f  channe ls  i n  t he  obse rved  SPW.

    nChansO=PxxS.shape[0]

    i f (nChansO > 1):
      
      #- Resolved AC SPWs.

      #   T r i m  t h e  s p e c t r a l  e d g e s  b y  p o s i n g  t h e  i n t e g r a t i o n  l i m i t s  a n d  a v e r a g e

      #   o v e r  t h e  r e m a i n i n g  f C h a n s  c h a n n e l s .

      #  S c i e n c e - t a r g e t  p o w e r s .

      PxxM=np.mean(PxxS[fChans],axis=0)
      PyyM=np.mean(PyyS[fChans],axis=0)

      #  C a l i b r a t i o n  ( A C D )  p o w e r s .

      PxxAmbM=np.mean(PxxAmbS[fChans],axis=0)
      PyyAmbM=np.mean(PyyAmbS[fChans],axis=0)

      PxxHotM=np.mean(PxxHotS[fChans],axis=0)
      PyyHotM=np.mean(PyyHotS[fChans],axis=0)
      
      # -  I n s t r u m e n t a l  f a c t o r s .

      #   S t o r e  t h e  n o r m a l i z e d  ( t o  1 . 0 )  s p e c t r a l  g a i n s  ( a r r a y s ,  c o n s t a n t )  a n d

      #   t h e i r  s c a l e s  ( n u m b e r s ,  t o  b e  r e - f i n e d  b y  t h e  s o l v e r )  s e p a r a t e l y .  

      #  R a w  G *  g a i n s  i n  a  f u l l  S P W .  W e  m a y  f l i p  t h e  a r r a y  ( s e e  b e l o w )  s o  b e t t e r

      #  t o  d o  s o  b e f o r e  i t s  l i m i t i n g  t o  f C h a n s  -  w e e  n e e d  n o t  t o  t h i n k  w h e t h e r

      #  t h e  f C h a n s  c e n t r a l  r a n g e  i s  p l a c e d  s y m m e t r i c a l y  w i t h i n  i t s  S P W .

      #  Ga in  has  shape  2  x  nPo ls  x  nChans .  The  1s t  i ndex  0  means  we  p i ck  t he

      #  * l e a d i n g *  P _ o f f  s u b s c a n  -  s e e  t h e  n o t e  i n  t g t _ T b ( ) .

      GxxS=1.0/ (calDict['iG*'][0,0])
      GyyS=1.0/ (calDict['iG*'][0,1])

      #  T _ i n s t  i n  f u l l  S P W .  T h e  s a m e  h o l d s  f o r  f l i p p e d / r e v e r s e d  S P W s  a s  f o r  G * .

      TinstXX=calDict['T_inst'][0]
      TinstYY=calDict['T_inst'][1]
      
      #  C h e c k ,  w h e t h e r  w e  n e e d  f l i p  t h e m  -  t h i s  i s  t h e  c a s e  o f  t h e  L S B  s p w s ,

      #  wh ich  have  dec reas ing / reve rsed  f requency  channe ls .

      spwFreqs=calDict['freqs']

      i f (spwFreqs[0] > spwFreqs[1]):
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        #  R e v e r s e d  S P W ,  f l i p  t h e  g a i n  a n d  T _ i n s t  a r r a y s .

        GxxS=np.flip(GxxS)
        GyyS=np.flip(GyyS)

        TinstXX=np.flip(TinstXX)
        TinstYY=np.flip(TinstYY)

      #  N o w  i t  i s  s a f e  t o  s e l e c t  t h e  c e n t r a l  f C h a n s  b a n d - p a s s .

      GxxS=GxxS[fChans]
      GyyS=GyyS[fChans]

      TinstXX=TinstXX[fChans]
      TinstYY=TinstYY[fChans]

      #  C a l c u l a t e  t h e  u n i t y - n o r m a l i z e d  g a i n s  b y  d i v i d i n g  o u t  t h e  m e a n  v a l u e .

      GxxM=GxxS.mean()
      GyyM=GyyS.mean()
      
      gXX[sciSPW]=GxxS/ GxxM
      gYY[sciSPW]=GyyS/ GyyM

      #  Ins t rumen ta l  power  ave raged  ove r  ou r  fChans  range .

      PIxxM=np.mean(GxxS* TinstXX)
      PIyyM=np.mean(GyyS* TinstYY)

      #  K e e p  t h e  t i m e - a x i s  o f  t h e  l a s t  r e s o l v e d  S P W  a s  a  r e f e r e n c e  t i m e b a s e ,

      #  t o  w h i c h  w e  i n t r e p o l a t e  t h e  S Q L D  s i g n a l s .

      timeBase=time

      #  S Q L D  s p w s  h a v e  a n  i n s t r u m e n t a l  o f f s e t  r a l a t e d  t o  P z e r o .  I t  i s  c a l c u l a t e d

      #  b e l o w ,  i n  t h e  s i n g l e - c h a n n e l  S P W s  b r a n c h .  H e r e  w e  s e t  i t  t o  z e r o

      #  because  Pze ro  f o r  AC- reso l ved  spws  i s  ze ro .

      AOxx[sciSPW]=0.0
      AOyy[sciSPW]=0.0

      
    else:
      #-  In teg ra ted  ACs  o r  SQLDs.

      #   The  s i ng le  channe l  a l r eady  rep resen t s  a  mean  ove r  t he  spw  band -pass .

      #  S i n g l e - c h a n n e l  s c i e n c e  d a t a .

      PxxM=PxxS[0]
      PyyM=PyyS[0]

      #  Channe l - i n teg ra ted  SPWs may  have  h igher  cadence .  Fo r  SQLDs  i t  i s  t rue

      #  a l w a y s ,  b u t  i t  m a y  b e  t h e  c a s e  o f  i n t e g r a t e d  A C s ,  t o o .  L e t  u s

      #  p u t  a l l  d a t a  t o  t h e  s a m e ,  s l o w e s t ,  t i m e b a s e  ( a s  p e r  r e s o v e d  A C  s p w s ) .

      #  C o m p a r e  t h e  c a d e n c e  ( e l e m e n t a r y  t i m e - s t e p ,  a . k . a .  i n t e g r a t i o n ) .

      i f ((timeBase[1]- timeBase[0]) > (time[1]- time[0])):
        
        #  I n d e e d ,  w e  h a v e  h i g h e r  c a d e n c e .  R e - b i n  i n  t i m e .

        #  U s e  t h e  t i m e B a s e  d e f i n e d  a s  a  t i m e - a x i s  f o r  r e s o l v e d  S P W .  

        print('---> SPW',sciSPW,
              'has higher cadence: Rebinning to time-line of AC-resolved SPW.')
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        PxxM=rebin2(PxxM,time,timeBase)
        PyyM=rebin2(PyyM,time,timeBase)        
        time=timeBase

      # - - >  e n d i f ( h i g h e r  c a d e n c e )

      
      #  T h e  a t t e n u a t i o n  f a c t o r s  A F = ( P _ s k y - P o ) / ( P _ o f f - P o )  a n d  o f f s e t s  A O  s h o u l d

      # be,  moreover ,  ex t rac ted f rom the SQLDss (ACs use mapping a fMap

      #  d e f i n e d  a b o v e ) .   

      i f  sciSPW i n [0,1,2,3,13,14,15,16]:
        
        #  E x t r a c t  t h e  c a l i i b r a t i o n  p o w e r s  r e l e v a n t  f o r  A F  c a l c u l a t i o n

        Patm=Pcals['P_sky']
        #  P o f f  i s  t h e  o n l y  c a l P o w  t h a t  h a s  a  s t r u c t u r e  2  x  n P o l s  x  n C h a n s ,

        #  s i m i l a r l y  l i k e  g a i n .  T h e  o t h e r s  a r e  j u s t  n P o l s  x  n C h a n s  2 D  a r r a y s .

        #  H e r e ,  t h e  f i r s t  d i m e n s i o n  ' 2 '  i s  f o r  l e a d i n g / t r a i l i n g  P o f f  s u b s c a n s

        #  a n d  w e  p i c k  t h e  l e a d i n g  o n e  ( s e e  t h e  g a i n  e x t r a c t i o n  a b o v e ) .

        Poff=Pcals['P_off'][0]
        Pzero=Pcals['P_zero']

        #  C a l c u l a t e  A F s .

        #  T h e  1 s t  i n d e x  i n  p o w e r s  i s  p o l ,  t h e  2 n d  m e a n s  ( t h e  s i n g l e )  c h a n n e l .

        AFxx[sciSPW]=(Patm[0,0]- Pzero[0,0])/ (Poff[0,0]- Pzero[0,0])
        AFyy[sciSPW]=(Patm[1,0]- Pzero[1,0])/ (Poff[1,0]- Pzero[1,0])
        
        #  Ca lcu la tes  AOs .

        AOxx[sciSPW]=Pzero[0,0]* (AFxx[sciSPW]- 1.0)
        AOyy[sciSPW]=Pzero[1,0]* (AFyy[sciSPW]- 1.0)
      else:
        #  Fo r  non -SQLD spws  t he  o f f se t s  a re  ze ro  because  Pze ro  i s  ze ro .

        AOxx[sciSPW]=0.0
        AOyy[sciSPW]=0.0
        
      #--> end i f (SQLD spws)

   
      #  C a l i b r a t i o n  d a t a .

      PxxAmbM=PxxAmbS[0]
      PyyAmbM=PyyAmbS[0]

      PxxHotM=PxxHotS[0]
      PyyHotM=PyyHotS[0]

      
      # -  I n s t r u m e n t a l  f a c t o r s .

      #  G a i n s  ( s o l a r - a t t e n u a t i o n ) :  T a k e  t h e  l e a d i n g - s u b s c a n  b a s e d  r e s u l t .

      GxxM=1.0/ (calDict['iG*'][0,0,0])
      GyyM=1.0/ (calDict['iG*'][0,1,0])
        

      #  C r e a t e  a  f a k e  s p e c t r a l  n o r m a l i z e d  g a i n  f o r  i n t e g r a t e d  S P W s .

      #  W e  u s e  i t  i n  p r o d u c t s  w i t h  t h e  A T M  a r r a y s  ( e . g .  t r a n s m i s s i v i t y ) ,  w h i c h

      #  a r e  a l w a y s  s p e c t r a l .

      gXX[sciSPW]=np.ones(len(fChans))
      gYY[sciSPW]=np.ones(len(fChans))

      #  I n s t r u m e n t a l  p o w e r :  T h e  c h a n n e l  0  i s  t h e  a v e r a g e  a l r e a d y
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      PIxxM=GxxM* calDict['T_inst'][0,0]
      PIyyM=GyyM* calDict['T_inst'][1,0]
    #- ->  end i f ( reso l ved  SPW)

        

    #  Append  the  f requency -ave rged  t ime  se r ies  fo r  each  SPW to  the  maps .

    Pxx[sciSPW]=PxxM
    Pyy[sciSPW]=PyyM

    #  T h e  c a l i b r a t i o n  p o w e r s  a r e  a l r e a d y  t i m e - a v e r a g e d .

    PxxAmb[sciSPW]=PxxAmbM
    PyyAmb[sciSPW]=PyyAmbM
    
    PxxHot[sciSPW]=PxxHotM
    PyyHot[sciSPW]=PyyHotM
    
    #  S e t  t h e  A C D - b a s e d  g a i n s  ( s c a l e s )  a n d  i n s t r u m e n t a l  c o n t r i b u t i o n s .

    Gxx[sciSPW]=GxxM
    Gyy[sciSPW]=GyyM
    
    PIxx[sciSPW]=PIxxM
    PIyy[sciSPW]=PIyyM

    print('SPW ',sciSPW,': <Tsky+src_XX> = ',
          (Pxx[sciSPW].mean()- PIxx[sciSPW])/ Gxx[sciSPW],'+/-',
          Pxx[sciSPW].std()/ Gxx[sciSPW])
    print('         <Tsky+src_YY> = ',
          (Pyy[sciSPW].mean()- PIyy[sciSPW])/ Gyy[sciSPW],'+/-',
          Pyy[sciSPW].std()/ Gyy[sciSPW])
    
  # - - > e n d f o r ( a l l  s c i S P W s  i n  t h e  l i s t )

  
  #  S a v e  t h e  o r i g i n a l  g a i n s  a n d  i n s t r u m e n t a l  p o w e r s  f o r  c o m p a r i s o n  w i t h

  #  t h e  u p d a t e d  v a l u e s  a f t e r  t h e  s o l u t i o n .

  #  No te :  We  have  to  use  copy .deepcopy ( ) ,  t he  s imp le  ass ignmen t  ope ra to r

  #  c o p i e s  j u s t  t h e  r e f e r e n c e !

  GxxOrig=deepcopy(Gxx)
  GyyOrig=deepcopy(Gyy)

  PIxxOrig=deepcopy(PIxx)
  PIyyOrig=deepcopy(PIyy)

  # - -  D i m e n s i o n s  o f  t h e  s y s t e m .

  
  #  C o u n t  t h e  S P W  i n  t h e  l i s t .

  numSpw=len(spwList)
  #  C o u n t  t h e  t i m e  s a m p l e s  i n  d a t a .

  nSamples=len(time)

  #  How many  ne t  equa t i ons  do  we  have  pe r  b lock  o f  1  t ime-samp le .

  #  B e  c a r e f u l l :  D o  n o t  f l a g  t h e  d a t a  t h a t  a r e  * n o t *  p r e s e n t  i n  t h e  s p w L i s t !

  eqBlockSize=2* numSpw- len(flaggedData)
  

  #  T h e  d a t a  h a s  b e e n  r e a d - o u t ,  w e  m a y  c l o s e  t h e  ( l o c a l )  t o o l s .

  i f (ownMsmd): myMsmd.done()
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  i f (ownMS): myMS.close()
 
  # - -  A r r a y s  f o r  c a l c u l a t i o n s  o f  t h e  m a t r i x  a n d  t h e  R H S - v e c t o r  c o m p o n e n t s

  #    o f  t h e  l i n e a r i z e d  s y s t e m  t h a t  d e p e n d  j u s t  o n  t h e  m o d e l s  ( A T M  +  q u i e t  S u n ) .

  
  #  P r e - c a l c u l a t e d  f r e q u e n t l y  r e p e a t i n g  f a c t o r :  I n v e r s e  n u m b e r  o f  t i m e  s a m p l e s .

  nsInv=1.0/ nSamples
  
  #  Number  o f  t he  mode l  spec t ra l  w indows .

  nAtmSPWs=myAtm.getNumSpectralWindows()
  #  N u m b e r  o f  a l l  c h a n n e l s  i n  t h e  m o d e l  S P W s .  T h e y  h a v e  a l l  t h e  s a m e  s t r u c t u r e .

  nChans=myAtm.getNumChan(0)
  #  Number  o f  cen t ra l  band -pass  (w i t h  edges  t r immed)  channe l s .  

  cChans=len(fChans)
  
  #  F requenc ies  o f  channe l s  i n  ou r  mode l  SPWs  ( cen t ra l  band -pass  on l y ) .

  spw_freqs=np.zeros((nAtmSPWs,cChans))

  f o r atmSpw i n range(nAtmSPWs):
    
    fMin=myAtm.getMinFreq(atmSpw)['value'][0]* 1.0e9 # GHz to Hz

    df=myAtm.getChanSep(atmSpw)['value'][0]* 1.0e6   # MHz to Hz

    
    spw_freqs[atmSpw]=(fMin+df* np.arange(nChans))[fChans]
   
  # Atmosphere  (+CMB)  br igh tness  tempera tu re  fo r  PWV=w0 and i t s  s lope .

  #  P l a c e - h o l d e r s ,  t o  b e  c a l c u l a t e d  i n s i d e  i t e r a t i o n s .

  TbsW0=np.zeros((nAtmSPWs,cChans))
  dTdW=np.zeros((nAtmSPWs,cChans))

  #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .  P l a c e - h o l d e r s .

  trans=np.zeros((nAtmSPWs,cChans))
  tau_1=np.zeros((nAtmSPWs,cChans))

  #  Ave rage  So la r -F lux  spec t rum:  QSR mode l  no rma l i sed  to  1 .0  a t  f = f_LO.

  SF=1.0+b_2/ Tsun00* np.log(spw_freqs/ f_LO)

    
  # - - -  S o l v e  t h e  l i n e a r i s e d  s e t  o f  e q u a t i o n s  f o r  d W  a n d  d B  v a r i a t i o n s .

  #     I t e r a t e  u n t i l  t h e y  h a v e  n e g l i g i b l e  m e a n  v a l u e  ( s c a n - a v e r a g e ) .

  # - -  I t e r a t i o n  s e t u p

  #  H a l f  d w  f o r  t h e  e s t i m a t i o n  o f  t h e  d T s k y / d w  b y  c e n t e r r e d  d i f f e r e n c e .

  dws=0.05

  #  S t o p p e r s  f o r  i t e r a t i v e  s o l u t i o n :  W e  s h o u l d  g e t  l e s s  t h e n  t h e s e  v a l u e s .

  #  W e  u s e d  t h o s e  a s  w e i g h t s  i n  c a l c u l a t i o n  o f  e p s i l o n  -  t h e  n o r m a l i s e d

  #  i n t e r - i t e r a t i o n  c h a n g e  o f  o p e r a t i o n - p o i n t  a t  t h e  v e r y  e n d  o f  e a c h  i t e r a t i o n .

  dwMean_max=0.01   # mm

  dbMean_max=0.001  #  k i l o K e l v i n

  dG_max=0.001      #  Re la t i ve  sca le  dG /G

  dTinst_max=0.001  #  d P i n s t / G  i n  k i l o K e l v i n s  

  #++++++++++++++  Loop over reasonable cal/mWeights +++++++++++

  #  D e f i n e  t h e  c a l W e i g h t / m W e i g h t  i t e r a t i o n  r a n g e s .
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  wItSize=101

  #  I n  s e m i - l o g  s c a l e .  U s e  p l t . s e m i l o g x ( x A x i s , y A x i s )  f o r  p l o t .

  #exponen t s=0 .05 * (np .a range (w I tS i ze ) - (w I tS i ze -1 ) / 2 )

  exponents=0.05* (np.arange(wItSize))
  weights=pow(10,exponents)

  ' ' '

  wLow=100.0

  wHigh=500.0

  we igh ts=wLow+(wHigh-wLow) / (wI tS ize-1) *np .arange(wI tS ize)

  ' ' '

  
  # -  W e  s t u d y  i n f l u e n c e  o f  s e l e c t e d  ( i t e r a t e d )  c a l W e i g t h / m W e i g h t  t o :  

  
  # 1. Time-averaged PWV

  iPWV=np.zeros(wItSize)

  #  2 .  T i m e - a v e r a g e d  ( s o l a r )  b r i g h t n e s s  t e m p e r a t u r e s  i n  X X  a n d  Y Y  p o l s .  

  iTSxx=np.zeros(wItSize)
  iTSyy=np.zeros(wItSize)

  #  3 .  N u m b e r  o f  i t e r a t i o n s  r e q u i r e d  f o r  c o n v e r g e n c e .

  iNIT=np.zeros(wItSize)

  #  4 .  E r r o r s  s e p a r a t e d  b y  ' s u b - s y s t e m s '  o f  e q u a t i o n s :  s c i e n c e  ( s ) ,  A C D  c a l  ( a ) ,

  #     a n d  m e a n - a r r a y  T _ t g t  ( m ) .  

  iXis=np.zeros(wItSize)
  iXia=np.zeros(wItSize)
  iXim=np.zeros(wItSize)

  #  5 .  R e l a t i v e  u p d a t e s  o f  A C D  g a i n s  a n d  P _ i n s t .  L i s t  o f  d i c t i o n a r i e s  a s  i t  i s

  #     e a s i e r  t h a n  n p . a r r a y s  o f  d i c t i o n a r i e s .

  iGG=[]
  iPP=[]
  
  # - -  T h e  m a i n  w e i g h t - i t e r a t i o n  l o o p .  

  f o r wi i n range(wItSize):

    theWeight=float(weights[wi])

    #  W h i c h  w e i g h t  d o  w e  i t e r a t e :  c a l W e i g h t  o r  m W e i g h t ?  T h e  2 n d  r e m a i n s  s t a t i c .

    # Select by comment/uncomment.

    #calWeight=theWeight

    mWeight=theWeight
    
    #  R e s e t  t h e  s t a r t i n g  v a l u e s  f o r  i t e r a t i o n s .

    w0=pwv0
    Tsun0xx=Tsun00
    Tsun0yy=Tsun00

    #  R e s e t  g a i n s / P _ i n s t  b a c k  t o  t h e i r  p u r e - A C D  v a l u e s .  

    Gxx=deepcopy(GxxOrig)
    Gyy=deepcopy(GyyOrig)
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    PIxx=deepcopy(PIxxOrig)
    PIyy=deepcopy(PIyyOrig)
  
    #  I t e r a t i o n  c o u n t e r .

    itCount=0
    #  N o r m a l i z e d  i n t e r - i t e r a t i o n  c h a n g e  o f  o p e r a t i o n  p o i n t  -  i t s  i n i t i a l  v a l u e .

    #  A n y t h i n g  b i g g e r  t h a n  1 . 0

    epsilon=10.0

    # - -  S o l u t i o n  i t e r a t i o n s :  M i n i m i z e  t h e  m e a n  v a l u e  o f  v a r i a t i o n s .

    while((epsilon>1.0) and (itCount< 20)):

      # - -  P r e p a r e / r e s e t  t h e  l i n e a r i z e d  s y s t e m  o f  e q u a t i o n s .

      # -  R e p e a t i n g  b l o c k s / t i l e s  f o r  e a c h  t i m e - s a m p l e

      #  N - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d W , d T _ B x x , d T _ B y y ]  ' n a t u r a l '  v a r i a b l e s

      J_wb=np.zeros((eqBlockSize,3)) #  3  v a r s  r e p e a t i n g  i n  a l l  s p w s  

      #  G - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d G , d P _ i n s t ]  ' i n s t r u m e n t a l '  v a r i a b l e s .

      J_gp=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  va rs  pe r  each  SPW:Po l .

      #  A - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d G , d P _ i n s t ]  f o r  A C D  c a l i b r a t i o n  p o w e r

      J_cdA=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  va rs  pe r  SPW:Po l ,  amb ien t  

      J_cdH=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  v a r s  p e r  S P W : P o l ,  h o t .

      #  M - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d W , d T _ B x x , d T _ B y y ]  i n  a r r a y - m e a n  e q s .

      #  T h i s  m a t r i x  i s  c o n s t a n t  a n d  c a n  b e  d e f i n e d  a l r e a d y  h e r e .

      J_M=np.array([[0.0, nsInv, 0.0],
                    [0.0, 0.0, nsInv]])

      #  R H S  v e c t o r  f o r  a l l  t i m e  s a m p l e s  s t a c k e d  a s  a  m a t r i x .

      CC=np.zeros((eqBlockSize,nSamples))
      #  R H S - v e c t o r  ' a p p e n d i x '  -  a m b .  &  h o t  A C D  c a l i b r a t i o n  p o w e r s  ( t i m e - a v g d ) .

      CCA=np.zeros((eqBlockSize,1))
      CCH=np.zeros((eqBlockSize,1))
      #  R H S - v e c t o r  ' a p p e n d i x  2 '  -  a r r a y - m e a n  v a l u e s  o f  t a r g e t  T _ B

      CCM=np.zeros((2,1))

      #  R e z i d u a l  m e a n  s k y  t e m p e r a t u r e  -  a f t e r  s u b t r a c t e d  b r i g h t n e s s  o f  t h e

      #  a tmosphe re  (+CMB)  and  (a t t enua ted )  sou rce .  We  keep  i t  f o r  a l l  s c i  SPWs 

      #  a n d  b o t h  p o l s  a n d  p r i n t  i t  o u t  a t  t h e  e n d  o f  e v e r y  i t e r a t i o n  c y c l e

      #  a s  a  d i a g n o s t i c s  o f  c o n v e r g e n c e  a n d  s o l u t i o n  q u a l i t y .

      resTxx={}
      resTyy={}

      #  Mapp ing  be tween  spw IDs  and  the  row number  i n  the  sys tem o f  equa t ions .

      spw2rowXX={}
      spw2rowYY={}

      #- Re-calculate ATM model  wi th updated <PWV> and <Tsun>.

      #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .

      myAtm.setUserWH2O(qa.quantity(w0,'mm'))

      # -  Loop  ove r  4  ATM spws  -  t hese  co r respond  to  t he  channe l - reso l ved  ACs .

      #   C a l c u l a t e  f a c t o r s  d e p e n d e n t  o n l y  o n  t h e  m m o d e l ,  n o t  t h e  d a t a .
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      f o r atmSPW i n range(nAtmSPWs):

        # -  M o d e l  v a l u e  o f  t h e  s k y / a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

        Tebb=myAtm.getTebbSkySpec(atmSPW, qa.quantity(w0,'mm'))[1]['value']
        #  L i m i t  t h e  s p e c t r u m  t o  t h e  c e n t r a l  f C h a n s  r e a g i o n  a s  w e  h a v e  t r i m m e d

        #  the  edge  channe ls  in  ACD-based  spec t ra l  no rma l i zed  ga in  gXX/gYY.

        #  S c a l e  t o  k i l o K e l v i n s .

        TbsW0[atmSPW]=0.001* Tebb[fChans]

        # -  S l o p e  ( c e n t e r e d  d i f f e r e n c e )  o f  t h e  a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

        TebbH=myAtm.getTebbSkySpec(atmSPW,
                                   qa.quantity(w0+dws,'mm'))[1]['value'][fChans]
        TebbL=myAtm.getTebbSkySpec(atmSPW,
                                   qa.quantity(w0- dws,'mm'))[1]['value'][fChans]

        #  I n  k i l o K e l v i n s / m m

        dTdW[atmSPW]=0.001* (TebbH- TebbL)/ (2.0* dws)

        # -  O p a c i t i e s  &  t r a n s m i s i v i t y .

        #  D r y  z e n i t h  o p a c i t y

        tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
        #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

        tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
        #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

        opacity=airMass* (tau_wet+tau_dry)

        #  T r a n s m i s s i v i t y  ( s p e c t r a l ) .  L i m i t t e d  t o  f C h a n s .

        trans[atmSPW]=np.exp(- opacity[fChans])
        #  Wet  opac i t y  pe r  1mm PWV sca led  by  a i rmass .  L im i t t ed  to  fChans .

        tau_1[atmSPW]=(airMass/ w0)* tau_wet[fChans]

      #--> endfor(modelSPWs)

      # -  L o o p  o v e r  a l l  S C I  s p w s  -  c o m b i n e  m o d e l - o n l y  d e p e n d e n t  f a c t o r s  w i t h

      #   s c i S P W - d e p e n d e n t  d a t a  a n d  i n s t r u m e n t a l  f a c t o r s  a n d  b u i l d  t h e  s y s t e m .

      #  Coun t  t he  ac tua l  number  o f  equa t i ons  -  some  rows  may  be  f l agged .

      eqCount=0

      f o r sciSPW i n spwList:

        #  Map  the  sc i  SPW to  i t s  co r respond ing  ATM coun te rpa r t

        atmSPW=sciAtmMap[sciSPW]

        # -  M o d e l  ( _ M )  f a c t o r s .

        #  T e b b  a n d  i t s  s l o p e .

        TbsW0_M=TbsW0[atmSPW]
        dTdW_M=dTdW[atmSPW]

        #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .

        trans_M=trans[atmSPW]
        tau_1M=tau_1[atmSPW]

        #  S o l a r - f l u x  m o d e l  s p e c t r u m  ( n o r m a l i z e d ) .

        SF_M=SF[atmSPW]
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        # -  S e p a r a t e  p r o c e d u r e  b y  p o l a r i z a t i o n s  f o r  c o m b i n a t i o n  w i t h  r e a l  d a t a .

        #-  Po l  XX

        #  F u l l  i d e n t i f i c a t o r  o f  d a t a :  s c i S P W : p o l

        sciDataID=str(sciSPW)+':XX'

        i f (sciDataID not i n flaggedData):

          # -  M o d e l  +  i n s t r u m e n t a l  f a c t o r s  c o m b i n e d .

          #  W e  d o  w e i g h t i n g  o f  e q u a t i o n s  b y  i n v e r s e  g a i n  i n  o r d e r  t o  c o m p e n s a t e

          # d i f fe ren t  powers  (and  ga ins )  in  AC and  SQLD SPWs.  Consequent l y ,

          #  t h e  e q u a t i o n s  a r e  e x p r e s s e d  i n  e q u i v a l e n t  t e m p e r a t u r e s ,  w h i c h  a r e

          #  ( a p p r o x i m a t e l l y )  t h e  s a m e  f o r  a l l  S P W s .

          #  W e i g h t  f a c t o r

          WF=1.0/ Gxx[sciSPW]

          #  S e n s i t i v i t y  f a c t o r  f o r  P W V .

          SWxx=(- eta_l* eta_F* Tsun0xx* np.mean(gXX[sciSPW]* trans_M* tau_1M* SF_M)
                +(1.0- eta_F+eta_F* eta_l)
                * np.mean(gXX[sciSPW]* dTdW_M))* Gxx[sciSPW]

          #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r - b r i g t h n e s s  t e m p e r a t u r e .

          SBxx=Gxx[sciSPW]* eta_l* eta_F* np.mean(gXX[sciSPW]* trans_M* SF_M)

          #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  s p e c t r a l  g a i n  g X X .

          TskyXX=(eta_l* eta_F* Tsun0xx* np.mean(trans_M* SF_M* gXX[sciSPW])
                  +(1.0- eta_F+eta_F* eta_l)* np.mean(TbsW0_M* gXX[sciSPW])
                  +eta_F* (1.0- eta_l)* Tamb)

          # -  B u i l d  t h e  m a t r i x :  N a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .

          #  S e t  t h e  ( w e i g h t e d )  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  S P W : p o l  a s  

          #  a  r o w  i n  t h e  N - b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

          J_wb[eqCount]=WF* np.array([SWxx,SBxx,0.0])

          # -  B u i l d  t h e  m a t r i x :  I n s t r u m e n t a l  ( G  &  P _ i n s t  s e n s i t i v i t i e s )  b l o c k .

          #  W e  h a v e  t o  p r e p e n d  a  p r o p e r  o f f s e t  f o r  t h e  G  a n d  P _ i n s t  v a r s  a s

          #  t h e y  a r e  i n d e p e n d e n d t  f o r  e a c h  S P W  a n d  p o l a r i z a t i o n .

          bOffset=2* eqCount

          #  G - b l o c k  s c a l e d  b y  t h e  i n v e r s e  g a i n .

          J_gp[eqCount,bOffset]=WF
          J_gp[eqCount,bOffset+1]=TskyXX* WF

          # -  B u i l d  t h e  m a t r i x :  A C D  p o w e r s  ( a m b  &  h o t )  2 - b l o c k .

          #  A m b i e n t - p o w e r  s u b - b l o c k .  S c a l e  b e t w e e n  t h e  G *  /  P _ i n s t *  u s e d  i n

          #  J _ w b  a n d  J _ g p ,  a n d  G  /  P _ i n s t  u s e d  i n  t h e  A C D  c a l  e q u a t i o n s  b y  t h e

          #  a t t enua t i on  f ac to r  AF=G* /G=(P_sky -Po ) / (P_o f f -Po ) .

          #  A t t e n u a t i o n  f a c t o r  ( a f > 1 )  i s  c a l c u l a t e d  o n l y  i n  S Q L D  a n d  m a p p e d .  

          af=AFxx[afMap[sciSPW]]

          #  A -amb ien t  sub -b lock  Jacob ian  e l emen ts  we igh ted  by  i nve rse  ga in .

          J_cdA[eqCount,bOffset]=af* WF



2.10.2026 sol_wvgcal.py 148

file:///home/barta/ALMAsol/sol_wvgcal.py

          J_cdA[eqCount,bOffset+1]=af* Tamb* WF

          #  A - h o t - p o w e r  s u b - b l o c k  w e i g h e t d  b y  i n v e r s e  g a i n .

          J_cdH[eqCount,bOffset]=af* WF
          J_cdH[eqCount,bOffset+1]=af* Thot* WF

          # -  B u i l d  t h e  R H S  v e c t o r :  T a r g e t  d a t a

          #  R H S :  P x x ( t )  w i t h  t h e i r  s t a t i o n a r y  ( i n  t h e  w o r k i n g  p o i n t )  i n s t r .

          # and  ATM-based  par ts  sub t rac ted .

          dPxx=Pxx[sciSPW]- PIxx[sciSPW]- Gxx[sciSPW]* TskyXX

          #  S e t  i t  a s  t h e  R H S  c o m p o n e n t ,  w e i g h t e d  b y  i n v e r s e  g a i n .

          CC[eqCount]=dPxx* WF

          # -  Ammend  the  RHS vec to r :  Ca l i b ra t i on  da ta .

          #  A t t e n u a t i o n - b a s e d  p o w e r  o f f s e t .  W e  h a v e  i t  d e f i n e d  f o r  a l l  S P W s ,

          #  h o w e v e r ,  n o n - z e r o  i t  i s  o n l y  i n  S Q L D s .

          aoff=AOxx[sciSPW]

          #  A m b i e n t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  m o d e l  p a r t  s u b t r a c t e d .  

          CCA[eqCount]=WF* (PxxAmb[sciSPW]- af* PIxx[sciSPW]- af* Gxx[sciSPW]* Tamb
                           +aoff)
          #  H o t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  m o d e l  p a r t  s u b t r a c t e d .  

          CCH[eqCount]=WF* (PxxHot[sciSPW]- af* PIxx[sciSPW]- af* Gxx[sciSPW]* Thot
                           +aoff)   
          # -  D i a g n o s t i c s

          #  Res idua  o f  sky  t empere tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

          resTxx[sciSPW]=dPxx.mean()/ Gxx[sciSPW]

          # Mapping between SPW:XX and equation number.

          spw2rowXX[sciSPW]=eqCount

          eqCount+=1

        else: print('Ignoring flagged ',sciDataID,' data.')
        # - - >  e n d i f ( n o t  f l a g g g e d )

        #-  Po l  YY

        #  F u l l  i d e n t i f i c a t o r  o f  d a t a :  s c i S P W : p o l

        sciDataID=str(sciSPW)+':YY'

        i f (sciDataID not i n flaggedData):

          # -  M o d e l  +  i n s t r u m e n t a l  f a c t o r s  c o m b i n e d .

          #  W e i g h t  f a c t o r  -  s e e  e x p l a n a t i o n  a t  X X  p o l  a b o v e .

          WF=1.0/ Gyy[sciSPW]

          #  S e n s i t i v i t y  f a c t o r  f o r  P W V  ( w e i g h t e d  b y  1 / G ) .

          SWyy=(- eta_l* eta_F* Tsun0yy* np.mean(gYY[sciSPW]* trans_M* tau_1M* SF_M)
                +(1.0- eta_F+eta_F* eta_l)
                * np.mean(gYY[sciSPW]* dTdW_M))* Gyy[sciSPW]

          #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r  T _ B  ( w e i g h t e d  b y  1 / G ) .
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          SByy=Gyy[sciSPW]* eta_l* eta_F* np.mean(gYY[sciSPW]* trans_M* SF_M)

          #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  s p e c t r a l  g a i n  g Y Y .

          TskyYY=(eta_l* eta_F* Tsun0yy* np.mean(trans_M* SF_M* gYY[sciSPW])
                  +(1.0- eta_F+eta_F* eta_l)* np.mean(TbsW0_M* gYY[sciSPW])
                  +eta_F* (1.0- eta_l)* Tamb)

          # -  B u i l d  t h e  m a t r i x :  N a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .

          #  S e t  t h e  ( w e i g h t e d )  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  S P W : p o l  a s  

          #  a  r o w  i n  t h e  b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

          J_wb[eqCount]=WF* np.array([SWyy,0.0,SByy])

          # -  B u i l d  t h e  m a t r i x :  I n s t r u m e n t a l  ( G  &  P _ i n s t  s e n s i t i v i t i e s )  b l o c k .

          #  W e  h a v e  t o  p r e p e n d  a  p r o p e r  o f f s e t  f o r  t h e  G  a n d  P _ i n s t  v a r s  a s

          #  t h e y  a r e  i n d e p e n d e n d t  f o r  e a c h  S P W  a n d  p o l a r i z a t i o n .

          bOffset=2* eqCount

          J_gp[eqCount,bOffset]=WF
          J_gp[eqCount,bOffset+1]=TskyYY* WF

          # -  B u i l d  t h e  m a t r i x :  A C D  p o w e r s  2 - b l o c k .

          #  A t tenua t ion  fac to r  G* /G .  Mapped  f rom the  co r respond ing  SQLD.

          af=AFyy[afMap[sciSPW]]

          # Ambien t -power  sub-b lock .

          J_cdA[eqCount,bOffset]=af* WF
          J_cdA[eqCount,bOffset+1]=af* Tamb* WF

          #  Ho t -power  sub -b lock .

          J_cdH[eqCount,bOffset]=af* WF
          J_cdH[eqCount,bOffset+1]=af* Thot* WF       

          # -  B u i l d  t h e  R H S  v e c t o r :  T a r g e t  d a t a .

          #  R H S :  P y y ( t )  w i t h  t h e i r  s t a t i o n a r y  ( i n  t h e  w o r k i n g  p o i n t )  i n s t .

          # and  ATM-based  par ts  sub t rac ted .

          dPyy=Pyy[sciSPW]- PIyy[sciSPW]- Gyy[sciSPW]* TskyYY

          #  Se t  i t  as  t he  RHS componen t .

          CC[eqCount]=dPyy* WF

          # -  Ammend  the  RHS vec to r :  Ca l i b ra t i on  da ta .

          #  A t t e n u a t i o n - b a s e d  p o w e r  o f f s e t .

          aoff=AOyy[sciSPW]

          #  A m b i e n t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

          CCA[eqCount]=WF* (PyyAmb[sciSPW]- af* PIyy[sciSPW]- af* Gyy[sciSPW]* Tamb
                           +aoff)
          #  H o t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

          CCH[eqCount]=WF* (PyyHot[sciSPW]- af* PIyy[sciSPW]- af* Gyy[sciSPW]* Thot
                           +aoff)

          # -  D i a g n o s t i c s
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          #  Res idua  o f  sky  t empere tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

          resTyy[sciSPW]=dPyy.mean()/ Gyy[sciSPW]

          # Mapping between SPW:YY and equation number.

          spw2rowYY[sciSPW]=eqCount

          eqCount+=1

        else: print('Ignoring flagged ',sciDataID,' data.')
        # - - >  e n d i f ( n o t  f l a g g g e d )

      # - - >  e n d f o r ( a l l  s c i  S P W s )

      #  N o w ,  t h e  e q C o u n t  s h o u l d  b e  t h e  s a m e  a s  e q B l o c k S i z e .  J u s t  c h e c k  i t .

      i f (eqCount ! = eqBlockSize):
        print("******* Ooops, something is wrong !*******")
        print("   The expected number of equations does not correspond to the")
        print("   number of measured and non-flagged SPW:pol channels.")
        return False

      #- -  Grand  sys tem assemb ly  and  i nve rs ion  by  pa r t s .  We  use  the  app roach  f rom

      #    e x t M a t I n v ( )  f o r  i n v e r s i o n  o f  e x t e n d e d - s y s t e m  m a t r i x .  

      #-  Ammend the  RHS vec to r :  A r ray -mean  ta rge t  b r igh tness  tempera tu res .

      #   H e r e  w e  w o r k  a l r e a d y  w i t h  t e m p e r a t u r e s ,  t h u s  n o  1 / G  s c a l l i n g  a p p l i e s .

      #  T a r g e t  T _ B  w i t h  t h e  m o d e l  a t  w o r k - p o i n t  s u b t r a c t e d .

      CCM[0]=T_tgt- Tsun0xx
      CCM[1]=T_tgt- Tsun0yy

      # -  C a l c u l a t e  t h e  s m a l l - b l o c k  m a t r i c e s  a n d  t h e i r  i n v e r s i o n s  n e e d e d  f o r

      #   g r a n d - s y s t e m  i n v e r s i o n .

      #  1 .  N a t u r a l  ( N - b l o c k )  m a t r i c e s .

      J_wb_T=np.transpose(J_wb)      # N^T

      J_K=np.matmul(J_wb_T,J_wb)     #  (N^T  x  N )

      J_K_inv=np.linalg.inv(J_K)     #  ( N ^ T  x  N ) ^ { - 1 }

      #  2 .  G a i n / P _ i n s t  ( G - b l o c k )  m a t r i c e s .

      J_gp_T=np.transpose(J_gp)      # G^T  

      #  3 .  A C D  r o w s  ( A - b l o c k )  m a t r i c e s .

      #  C a l c u l a t e  t r a n s p o s i t i o n s  p e r  s u b - b l o c k  ( a m b i e n t / h o t ) .

      #  A t t e n t i o n ! ! !  N u m P y ' s  t r a n s p o s e ( )  m a k e s  j u s t  a n o t h e r  v i e w  o f  a  m a t r i x ,

      #  we  have  t o  make  a  copy ,  o the rw i se  subsequen t  sca l i ng  wou ld  sca le  t he

      #  o r i g i n a l  J _ c d A  a n d  J _ c d H  m a t r i c e s ,  t o o !

      J_cdA_T=np.transpose(J_cdA).copy()    # A^T

      J_cdH_T=np.transpose(J_cdH).copy()    # H^T

      #  I n c r e a s e  i m p o r t a n c e  o f  t h e  A C D  r o w s  b y  c a l i b r a t i o n  w e i g h t .

      #  O n l y  t h e  t r a n s p o s e d  A - b l o c k  m a t r i c e s  s h o u l d  b e  s c a l e d  u p !

      J_cdA_T*=calWeight
      J_cdH_T*=calWeight

      #  C o m p o s e  t h e  f u l l  b l o c k  a n d  i t s  t r a n s p o s i t i o n .  
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      J_cd=np.vstack([J_cdA,J_cdH]).copy() 
      J_cd_T=calWeight* np.transpose(J_cd)    #  c a l W e i g h t  *  ( A  |  H  ) ^ T   

      #  4 .  A r r a y - m e a n  ( M - b l o c k )  r e l a t e d  m a t r i c e s .  I n c o r p o r a t e  m W e i g h t  i n t o  M ^ T ,  

      #  a s  w i t h  w h a t  w e  h a v e  d o n e  w i t h  c a l W e i g h t  f o r  t h e  A ^ T  a n d  H ^ T  m a t r i c e s .

      M_T=np.array([[0.0, 0.0],
                    [nsInv* mWeight, 0.0],
                    [0.0,nsInv*  mWeight]])   # mWeight*M^T

      # Pre-ca lcu la ted  nSamples*mWeigh t * (M^T x  M)  mat r i x .

      #  L i k e  w i t h  A ^ T  x  A ,  t h e  M ^ T  x  M  p r o d u c t  i s  s c a l e d - u p  b y  m W e i g h t  j u s t  o n c e

      #  ( n o  m W e i g h t  s q u a r e d ! ) .  M o r e o v e r ,  w e  s c a l e  i t  u p  h e r e  y e t  b y  n S a m p l e s ,

      #  i n  o r d e r  t o  a v o i d  t r i v i a l  p r o d u c t  n s I n v * n S a m p l e s = 1  i n  t h e  f o l l o w i n g  c a l c

      nsMTM=np.array([[0.0, 0.0, 0.0],
                      [0.0, nsInv* mWeight, 0.0],
                      [0.0, 0.0, nsInv* mWeight]])

      #  F r e q u e n t l y  r e p e a t i n g  b l o c k s .  N M _ i n v  p l a y s  a  r o l e  o f  m o d i f i e d  J _ K _ i n v .

      NM=J_K+nsMTM               # J_K+nSamples*mWeight*M^T x M

      NM_inv=np.linalg.inv(NM)   # NM^(-1)

      #  O f f - d i a g o n a l  b l o c k s  o f  t h e  i n v e r t e d  n a t u r a l  s u b - m a t r i x  ( A i n v ) .

      J_M_inv=nsInv* (NM_inv- J_K_inv)

      # -  B a s e - m a t r i x  e x t e n s i o n s .

      #  R i g h t  a n d  l o w e r  b a n d s :  T h e i r  ( n E q s  x  3 )  a n d  ( 3  x  n E q s )  r e p e a t i n g  b l o c k s .

      Rb=np.matmul(J_wb_T,J_gp)     #  (N^T  x  G)     

      Lb=np.transpose(Rb)           #  (G^T  x  N )

      #  L o w e r - r i g h t  c o r n e r

      LRc=nSamples* np.matmul(J_gp_T,J_gp)+np.matmul(J_cd_T,J_cd)

      # -  F r e q u e n t l y  r e p e a t i n g  m a t r i x  p r o d u c t s .  C f .  w i t h  e x t M a t I n v ( )  a b o v e .

      #  A i n v  x  R b  a n d  L b  x  A i n v

      AinvRb=np.matmul(NM_inv,Rb)
      LbAinv=np.transpose(AinvRb)

      # -  S c h u r  c o m p l e m e n t  a n d  i t s  i n v e r s i o n .

      SC=LRc- nSamples* np.matmul(Lb,AinvRb)
      SC_inv=np.linalg.inv(SC)

      # -  B l o c k s  o f  i n v e r t e d  g r a n d - s y s t e m  m a t r i x .

      #  S t a r t  w i t h  t h e  l o w e r - l e f t  b l o c k  a s  i t  r e p e a t s  i n  u p p e r - l e f t  b l o c k ,  t o o .

      Minv21= -np.matmul(SC_inv,LbAinv)

      #  U p p e r - l e f t  b l o c k :  O f f - d i a g o n a l  t e r m s .  T h e  d i a g o n a l  b l o c k s  d i f f e r  j u s t

      # by  added J_K_ inv .

      Minv11_OD=J_M_inv- np.matmul(AinvRb,Minv21)

      #  U p p e r - r i g h t  b l o c k .

      Minv12=np.transpose(Minv21)
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      #  L o w e r - r i g h t  b l o c k .

      Minv22=SC_inv

      # - -  A p p l y  t h e  i n v e r t e d  m a t r i x  c o m p o n e n t s  t o  t h e  R H S  v e c t o r .

      # Sum o f  the  RHS a long  the  t ime ax is ,  keep ing  the  SPW:POL d imens ion .

      #  P r e s e r v e  t h e  n u m b e r  o f  m a t r i x  r o w s ,  j u s t  s u m  t h e i r  c o n t e n t s ,  i . e .  m a k e

      #  t h e  s i n g l e - c o l u m n  m a t r i x .

      CCsum=np.reshape(CC.sum(axis=1),(- 1,1))

      # -  F o r m  t h e  R H S  v e c t o r  f o r  t h e  n o r m a l  e q u a t i o n s  ( K - f o r m  m i n i m i z e r ) ,

      #   i . e ,  m u l t i p l y  t h e  r a w  d a t a  b y  J J _ T  

      #  S t a r t  w i t h  t h e  n a t u r a l - v a r i a b l e s  d W  a n d  d B  p a r t .

      C_K_wb=np.matmul(J_wb_T,CC)+np.matmul(M_T,CCM) #  3  x  nSamp les  mat r i x

      #  M a k e  t h e  s a m e  a l s o  f o r  i t s  t i m e - s u m .

      C_K_wb_sum=np.matmul(J_wb_T,CCsum)+nSamples* np.matmul(M_T,CCM) #  3  x  1

      #  F o l l o w  w i t h  t h e  i n s t r u m e n t a l  p a r t .

      C_K_gp=(np.matmul(J_gp_T,CCsum)      # 2*eqCount  x  1

              +np.matmul(J_cdA_T,CCA)
              +np.matmul(J_cdH_T,CCH))

      # -  A p p l y  b l o c k s  o f  t h e  i n v e r t e d  J J _ K ^ ( - 1 )  m a t r i x  t o  t h e  C _ K  R H S  v e c t o r .

      #  C o n s t a n t  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r  ( 3  x  1 )

      nvConst=np.matmul(Minv11_OD,C_K_wb_sum)+np.matmul(Minv12,C_K_gp)

      #  T i m e - v a r y i n g  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r .  I t  c o m e s  f r o m  t h e

      #  add i t i on  to  the  M inv11  d iagona l - te rms  (see  comment  above  a t  M inv11_OD) .

      #  N B :  A c t u a l l y ,  w i t h  M - b l o c k s  i n c l u d e d ,  i t  c o n t a i n s  a  s m a l l  c o n s t a n t  p a r t ,

      #  t o o ,  e q u a l  t o  J _ K _ i n v  x  M _ T  x  C C M ,  b u t  w e e  k e e p  i t  h e r e  ( h i d d e n  i n

      # C_K_wb).

      nvVar=np.matmul(J_K_inv,C_K_wb)  # 3 x nSamples 

      #  C o m p o s e  t h e  c o m p l e t e  n a t u r a l  v a r i a b l e s  v e c t o r .

      varNat=nvVar+nvConst

      #  I n s t r u m e n t a l  v a r i a b l e s .  T h e  r e s u l t  i s  o f  2 * e q B l o c k S i z e  x  1  s h a p e .

      varInst=np.matmul(Minv21,C_K_wb_sum)+np.matmul(Minv22,C_K_gp)

      # -  R e s h a p e  t h e  r e s u l t s  -  e x t r a c t  o u r  e l e m e n t a r y  v a r i a b l e s .

      #  Seapara te  t he  na tu ra l - va rs  componen ts .

      dW = varNat[0]
      dBxx=varNat[1]
      dByy=varNat[2]

      #  R e s h a p e  i n s t r u m e n t a l  p a r a m e t e r s  t o  t w o  r o w s  ( t r a n s p o s e ) :  1 s t  i s  d P _ i n s t ,

      # the 2nd dG, one component per SPW:POL.

      dPG=np.transpose(np.reshape(varInst,(eqBlockSize,2)))

      #  E x t r a c t  t h e  s h i f t s  i n  t h e  P _ i n s t  a n d  G  

      dPinst=dPG[0]    
      dGinst=dPG[1]
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      # -  A n a l y t i c s :  C a l c u l a t e  t h e  e r r o r s  f o r  t h e  o v e r - d e t e r m i n e d  s e t  o f  e q s .

      #  e r r = f ( X ) - b  = a p p r o x .  f ( X _ 0 ) + J ( X _ 0 )  x  ( X  - X _ 0 )  - b  =  J  x  d X  -  [ b - f ( X _ 0 ) ]

      #  I n  o u r  n o t a t i o n ,  d X  i s  t h e  [ v a r N a t , v a r I n s t ] ^ T  v e c t o r  a n d  t h e

      #  d i f f e r e n c e  [ b - f ( X _ 0 ) ]  i s  [  C C ,  ( C C A  |  C C H ) ,  C C M  ] ^ T

      #  N o w  w e  e x p r e s s  t h e  e r r  v e c t o r  p a r t s  f o r  s c i ,  a c d ,  a n d  a r r a y - m e a n  e q s .

      #  e r r = f ( x ) - b :  S c i - d a t a  p a r t .

      errVec=np.matmul(J_wb,varNat)+np.matmul(J_gp,varInst)- CC
      #  X i  s q u a r e  f o r  t h e  s c i - d a t a  p a r t .  S u m  o v e r  a l l  S P W : P o l  c h a n n e l s  &  t i m e s .

      #  N o r m a l i z e  i t  t o  t h e  n u m b e r  o f  e q u a t i o n s .

      xiSci=np.sum(errVec* errVec)/ (nSamples* eqBlockSize)

      #  X i  Squares  pe r  SPW:Po l  channe l .  Sum/average  on ly  ove r  t imes .

      xiSciPerChan=np.sum(errVec* errVec,axis=1)/ nSamples
      # I ts mean and RMS over the SPW:POL channels.

      xscMean=xiSciPerChan.mean()
      xscRMS=xiSciPerChan.std()
      #  F i n d  o u t l i e r s  (  >  3  s i g m a ) .  T h e  b a d D a t a  a r r a y  c o n t a i n s  i n d i c e s  o f

      #  those  equa t ions ,  where  the  ag reemen t  be tween  mode l  and  obse rva t i on  i s

      #  excep t i ona l y  weak .

      badData=np.flatnonzero(abs(xiSciPerChan- xscMean)>3.0* xscRMS)

      #  S h o w  a l l  p e r - c h a n n e l  e r r o r s  a s  t e m p e r a t u r e s  ( K )  a n d  m a r k  ( a u t o - f l a g

      #  l a t e r )  t h e  S P W : P o l  c h a n n e l s  w i t h  b a d  d a t a ,  i f  w e  h a v e  s o m e .

      #  We do  no t  have  an  inverse  map to  spw2rowXX/YY,  so  we  have  to  t raverse .

      #  XX po l

      f o r spw,eqRow i n spw2rowXX.items():
        print(str(spw)+':XX: Error:',np.sqrt(xiSciPerChan[eqRow])* 1000.0,'K')
        i f  eqRow i n badData: print('\t\t!!! Bad data in',str(spw)+':XX',
                                   (xiSciPerChan[eqRow]- xscMean)/ xscRMS,
                                   'sigma from the mean.')
      #  YY po l

      f o r spw,eqRow i n spw2rowYY.items():
        print(str(spw)+':YY: Error:',np.sqrt(xiSciPerChan[eqRow])* 1000.0,'K')
        i f  eqRow i n badData: print('\t\t!!! Bad data in',str(spw)+':YY',
                                     (xiSciPerChan[eqRow]- xscMean)/ xscRMS,
                                     'sigma from the mean.')

      #  e r r = f ( x ) - b :  A C D - d a t a  p a r t .

      #  A c t u a l l y ,  t h i s  s h o u l d  b e  s c a l e d  b y  c a l W e i g h t  f a c t o r .  O n  t h e  o t h e r  h a n d ,

      #  w e  a r e  i n t e r e s t e d  i n  X i 2  n o r m a l i s e d  p e r  o n e  e q u a t i o n ,  s o  w e  w o u l d

      #  d o w n - s c a l e  i n  t h e  n e x t  c a l c u l a t i o n  b y  t h e  s a m e  f a c t o r .  I n  o r d e r  t o  a v o i d

      #  u s e l e s s  p r o d u c t  c a l W e i g h t * 1 / c a l W e i g h t ,  w e  o m i t  i t  a l r e a d y  n o w .

      errVecACDamb=np.matmul(J_cdA,varInst)- CCA
      errVecACDhot=np.matmul(J_cdH,varInst)- CCH
      #  X i  s q u a r e  f o r  t h e  a c d - d a t a  p a r t .

      #  N o r m a l i z e  i t  t o  t h e  n u m b e r  o f  A C D  e q u a t i o n s .  S c a l e  b y  j u s t  s i n g l e

      #  b l o c k - s i z e  -  w e  h a v e  i g n o r e d  c a l W e i g h t  f a c t o r  a l r e a d y  a b o v e .

      xiACD=np.sum(errVecACDamb* errVecACDamb)+np.sum(errVecACDhot* errVecACDhot)
      xiACD/ =eqBlockSize

      #  e r r = f ( x ) - b :  A r r a y - m e a n  T _ B  p a r t .

      #  H e r e ,  t h e  t e r m  J  x  d X  =  M  x  s u m  ( C C _ i )  =  [ s u m ( d T x x _ i ) ,  s u m ( d T y y _ i )  ] ^ T  =

      # nS* [dBxx .mean( ) ,dByy .mean( ) ] ^T  i s  ze ro  because  dB.mrean( )  converged  to  0

      errVecMeanTb= -CCM
      #  Norma l i zed  to  one  equa t ion  -  we  have  mWeigh t *2  equa t ions ,  bu t  t he  same
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      #  h o l d s  f o r  m W e i g h t  f a c t o r  a s  f o r  t h e  c a l W e i g h t  a b o v e .

      xiTbM=np.sum(errVecMeanTb* errVecMeanTb)/ 2

      #  G r a n d - t o t a l  X i - s q u a r e  n o r m a l i z e d  t o  t h e  n u m b e r  o f  e q u a t i o n s  f o r

      #  t h e  n a t u r a l / s c i e n c e ,  A C D ,  a n d  m e a n - a r r a y  s u b - b l o c k s .

      xiSquare=xiSci+xiACD+xiTbM

      # -  A l l  v a r i a t i o n s  s h o u l d  t e n d  t o  z e r o  m e a n s .

      dW_mean=dW.mean()
      dBxx_mean=dBxx.mean()
      dByy_mean=dByy.mean()

      dB_mean=np.sqrt(dBxx_mean* * 2+dByy_mean* * 2)

      #  U p d a t e  s t a t i o n a r y  p a r t  o f  P W V  a n d  s o l a r  T _ B   b y  m e a n s  o f  t h e i r  v a r s .

      w0+=dW_mean
      Tsun0xx+=dBxx_mean
      Tsun0yy+=dByy_mean

      #  U p d a t e  a l s o  t h e  P _ i n s t  a n d  G  b y  t h e  f o u n d  d i f f e r e n c e s .

      #  F i n d  t h e  m a x i m u m  i n t e r - i t e r a t i o n  c h a n g e  f o r  c o n v e r g e n c e  d i a g n o s t i c s .  

      dT_inst_sup= -1.0
      dG_rel_sup= -1.0

      #  S t a r t  w i t h  X X  p o l .

      f o r sciSPW,eqCount i n spw2rowXX.items():
        #  Upda te  t he  P_ ins t  and  G .

        PIxx[sciSPW]+=dPinst[eqCount]
        Gxx[sciSPW]+=dGinst[eqCount] 

        #  C h a n g e  o f  i n s t .  p o w e r  e x p r e s s e d  i n  k i l o K e l v i n s .  

        dT_inst=abs(dPinst[eqCount]/ Gxx[sciSPW])
        i f (dT_inst > dT_inst_sup): dT_inst_sup=dT_inst

        #  C h a n g e  o f  g a i n  i n  t h e  r e l a t i v e  s c a l e .

        dG_rel=abs(dGinst[eqCount]/ Gxx[sciSPW])
        i f (dG_rel > dG_rel_sup): dG_rel_sup=dG_rel        
      # - - >  e n d f o r ( S P W s  w i t h  v a l i d  X X  p o l )

      #  Y Y  p o l .

      f o r sciSPW,eqCount i n spw2rowYY.items():      
        #  Upda te  t he  P_ ins t  and  G .

        PIyy[sciSPW]+=dPinst[eqCount]
        Gyy[sciSPW]+=dGinst[eqCount]

        #  C h a n g e  o f  i n s t .  p o w e r  e x p r e s s e d  i n  k i l o K e l v i n s .  

        dT_inst=abs(dPinst[eqCount]/ Gyy[sciSPW])
        i f (dT_inst > dT_inst_sup): dT_inst_sup=dT_inst

        #  C h a n g e  o f  g a i n  i n  t h e  r e l a t i v e  s c a l e .

        dG_rel=abs(dGinst[eqCount]/ Gyy[sciSPW])
        i f (dG_rel > dG_rel_sup): dG_rel_sup=dG_rel        
      # - - >  e n d f o r ( S P W s  w i t h  v a l i d  Y Y  p o l )

      # - -  C o n v e r g e n c e  d i a g n o s t i c s  /  I t e r a t i o n  c o n t r o l .

      #  C a l c u l a t e  t h e  n o r m a l i z e d  i n t e r - i t e r a t i o n  c h a n g e  o f  o p e r a t i o n  p o i n t .
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      #  T h e  f a c t o r  0 . 5  c o m e s  f r o m  s q r t ( 1 / 4 )  a s  w e  h a v e  4  ' o r t h o g o n a l '  v a r i a b l e s .

      epsilon=0.5* np.sqrt((dW_mean/ dwMean_max)* * 2+(dB_mean/ dbMean_max)* * 2+
                          (dG_rel_sup/ dG_max)* * 2+(dT_inst_sup/ dTinst_max)* * 2)

      #  I n c r e m e n t  t h e  i t e r a t i o n  c o u n t e r

      itCount+=1

      # -  D i a g n o s t i c  p r i n t - o u t s  p e r - i t e r a t i o n .

      #  Upda ted  scan-averaged  PWV and  Tsun  a f te r  comp le ted  i te ra t ion .

      print('vvvvvvv\n After iteration no. ',itCount)
      print('\nMean PWV for the scan,',tgtScan,' w0 = ',w0,
            ", mean Tsun (XX/YY) = ",Tsun0xx,'/',Tsun0yy)

      #  M e a n  v a l u e s  o f  d W  a n d  d B  f l u c t u a t i o n s  s h o u l d  t e n d  t o  z e r o .

      print("dW mean: ",dW_mean)
      print("dB mean: ",dB_mean)

      #  S k y - b r i g h t n e s s  r e s i d u a  s h o u l d  t e n d  t o  z e r o ,  t o o .

      #  C o n v e r t  t h e  s p w I d  m a p s  t o  n p . a r r a y s  f i r s t .  W e  h a v e  t o  g o  v i a  ' l i s t ' .

      #  S c a l e  b a c k  f o r m  k i l o K e l v i n s  t o  K e l v i n s .

      resTxxArr=1000.0* np.array(list(resTxx.values()))
      resTyyArr=1000.0* np.array(list(resTyy.values()))

      print("\nres Txx: ", resTxxArr,"\nmean +/- RMS: ",
            resTxxArr.mean(),"+/-",resTxxArr.std())
      print("\nres Tyy: ", resTyyArr,"\nmean +/- RMS: ",
            resTyyArr.mean(),"+/-",resTyyArr.std())

      print("\nInstrumental characteristics shifts during the iteration:")
      print("--- Pol XX--- ")
      f o r sciSPW,eqCount i n spw2rowXX.items():
        print("SPW =",sciSPW,"\tdT_inst =",dPinst[eqCount]/ Gxx[sciSPW]* 1000.0,
              "K","\tdG/G =",dGinst[eqCount]/ Gxx[sciSPW]* 100,"%") 

      print("--- Pol YY--- ")
      f o r sciSPW,eqCount i n spw2rowYY.items():
        print("SPW =",sciSPW,"\tdT_inst =",dPinst[eqCount]/ Gyy[sciSPW]* 1000.0,
              "K","\tdG/G =",dGinst[eqCount]/ Gyy[sciSPW]* 100,"%")     

      print('^^^^^^^\n\n')

    # - - >  e n d w h i l e ( n o n - z e r o - m e a n s )  /  e n d  o f  t h e  m a i n  s o l u t i o n - i t e r a t i o n  l o o p .    

    #- -  Show,  how much  the  i ns t rumen ta l  va r i ab les  G  and  P_ ins t  have  changed .

    
    #  T h e  i n s t r u m e n t a l  c h a r a c t e r i s t i c s  a r e  m a p s ,  c a n n o t  p r o c e s s  t h e m  a s  a r r a y s .

    GxxChange={}
    GyyChange={}
    
    PIxxChange={}
    PIyyChange={}

    f o r spw i n spw2rowXX.keys():
 
      GxxChange[spw]=(Gxx[spw]- GxxOrig[spw])/ GxxOrig[spw]   
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      PIxxChange[spw]=(PIxx[spw]- PIxxOrig[spw])/ PIxxOrig[spw]
 
    f o r spw i n spw2rowYY.keys():
 
      GyyChange[spw]=(Gyy[spw]- GyyOrig[spw])/ GyyOrig[spw]
      PIyyChange[spw]=(PIyy[spw]- PIyyOrig[spw])/ PIyyOrig[spw]

    
    #  S t o r e  t h e  w a t c h e d  q u a n t i t i e s  i n  t h e  a r r a y  p e r - w e i g h t  e l e m e n t s .

    
    iPWV[wi]=w0

    #  S c a l e  t h e  r e s u l t  b a c k  t o  K e l v i n s .

    iTSxx[wi]=1000.0* Tsun0xx
    iTSyy[wi]=1000.0* Tsun0yy
    
    iNIT[wi]=itCount
    iXis[wi]=xiSci
    iXia[wi]=xiACD
    iXim[wi]=xiTbM

    iGG.append([GxxChange,GyyChange])
    iPP.append([PIxxChange,PIyyChange])
    
  # - - >  e n d f o r ( r a n g e - o f - w e i g h t s )

  # - -  R e t u r n  t h e  a r r a y s  o f  i n t e r e s t  i n  d e p e n c e n c e  o n  c a l W e i g h t .

  
  return {'NS':nSamples,'CW':weights,"PWV":iPWV,"Tx":iTSxx,"Ty":iTSyy,
          "XiS":iXis,"XiA":iXia,"XiM":iXim,"NIT":iNIT,"dG":iGG,"dP":iPP}
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdBdG_calWeights(vis,atmScan,tgtScan,myAtm,antID,spwList,flaggedData=[],
           myMS=None,myMsmd=None,acdLoads=None):

  ' ' '

  - - -  OBSOLETTED---

  T h i s  i s  a n  o l d e r  v e r s i o n  o f  d W d B d G 2 _ w e i g h t s ( ) ,  w h i c h  s u p e r s e d e s  t h i s  f u n c t i o n .

  ' ' '

  # - - -  S t a t i c  p a r a m e t e r s

  # -  D i r s

  #  O u t p u t / d i a g n o s t i c s  p l o t s .

  plotDir='./sciPWVs_GP'

  # -  T o o l s ,  g l o b a l  d a t a

  
  #  F l a g s  u s e d  t o  c h e c k ,  w h e t h e r  w e  s h o u l d  c l o s e  t h e  t o o l  l a t e r .

  ownMS=False
  ownMsmd=False
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  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMS):
    #  Open  the  ms  too l

    myMS=mstool() 
    myMS.open(vis)
    ownMS=True

  i f (not myMsmd):
    #  O p e n  t h e  m s  t o o l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True
    
  #  C r e a t e  o u r  d i c t i o n a r y  w i t h  A C D  l o a d  t e m p e r a t u r e s  ( a m b i e n t ,  h o t )  i f  n e e d e d .

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis, doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)

  # -  T a r g e t

  
  #  I n i t i a l  g u e s s  o f  t h e  s o l a r  b r i g h t n e s s  t e m p e r a t u r e .

  #  S D  c a l i b r a t i o n  s c r i p t :  R e f e r e n c e  T _ b  f o r  s o l a r  d i s c  c e n t e r  @ 1 9 8 G H z

  TsunCenter=6.3  #  k i l o K e l v i n s ! ! !

  #  S o l a r  r a d i u s .

  Rsun=696000 # km

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    
  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  D e c  2 0 2 3  B a n d  5  o b s e r v a t i o n .

  x_h=928.0 #  a rcsec

  y_h=87.0  #  a rcsec

  #  Ea r t h -Sun  d i s t ance  f o r  Dec  2023  Band  5  obse rva t i on .

  Dsun=1.4723338439337283e8 # km

  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  #  A p p a r e n t  a n g u l a r  s o l a r  r a d i u s  i n  a r c s e c .

  r_sol=180.0* 3600.0* Rsun/ (Dsun* np.pi)
  
  #  m u = c o s ( t h e t a ) .  U s e d  f o r  l i m b - b r i g h t e n n i n g  c o r r e c t i o n  b e l o w .

  mu=np.sqrt(1.0- (x_h* * 2+y_h* * 2)/ r_sol* * 2)
  
  #  b _ 2 = 2 . 0 * a _ 2 ,  w h e r e  a _ 2  i s  t h e  t e m p e r a t u r e  d r o p  w i t h  f r e q u e n c y  i n  E q .  ( 4 )

  #  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  S c a l e d  t o  k i l o K e l v i n s !

  b_2= -1.127 #  =  2 x  ( - 5 6 3 . 5 K )  a s  p e r  T a b l e  2  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  #  B r i g h t n e s s  t e m o e r a t u r e  c o r r e c t e d  t o  l i m b  b r i g h t e n n i n g  -  s e e

  #  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  

  Tsun00=TsunCenter+0.5* b_2* np.log(mu)

  #  R e f e r e n c e  f r e q u e n c y  f o r  t h e  s o l a r  s p e c t r u m :  W e  t a k e  t h e  L O  f r e q u e n c y  ( i n  H z )

  f_LO=1.98e11



2.10.2026 sol_wvgcal.py 158

file:///home/barta/ALMAsol/sol_wvgcal.py

  #- SPWs

  
  #  I n t e g r a t i o n  l i m i t s  f o r  r e s o l v e d  A C  S P W s .

  startChan=8
  stopChan=120
  
  fChans=range(startChan,stopChan)
  
  #-  Antenna

  #  R e a r - s p i l l o v e r  +  o h m i c  a n t e n n a  e f f i c i e n c y  ( s e e  T a b .  3  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  eta_l=0.95
  #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y  ( T a b .  3  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  eta_F=0.90

  #  E x t r a c t  a m b i e n t  &  h o t  t e m p e r a t u r e s  f o r  t h e  c u r r e n t  a n t e n n a  a n d  s c a n .

  #  I t  d e t e r m i n e s  t h e  r e a r - s p i l l o v e r  c o n t r i b u t i o n  t o  n o i s e .

  #  S c a l e d  t o  k i l o K e l v i n s ! ! !

  Tamb = 0.001* acdLoads[antID][atmScan]['amb']
  Thot = 0.001* acdLoads[antID][atmScan]['hot']
  
  #  W e i g h t  o f  t h e  A C D  c a l i b r a t i o n  e q u a t i o n s  i n  t h e  s y s t e m .  E s s e n t i a l l y  t h e

  #  n u m b e r ,  w i t h  w h i c h  a p p e n d e d  b l o c k  o f  t h e  A C D  e q u a t i o n s  i s  r e p e a t e d  i n  o r d e r

  #  t o  b a l a n c e  t h e  m u c h  l a r g e r  s c i D a t a - e q u a t i o n s  b l o c k .  I n f i n i t y  m e a n s  t h a t

  #  t h e  i n s t r u m e n t a l  p a r a m e t e r s  G  a n d  P _ i n s t  a r e  e s s e n t i a l l y  f i x e d  a n d  g i v e n

  #  b y  r e s u l t s  o f  t h e  a c d _ c a l T a b s ( ) .  L o w  w e i g h t ,  o n  t h e  o t h e r  h a n d ,  l e a d s  t o

  #  a n  i l l - c o i n d i t i o n e d  s y s t e m .  W e  s e t  i n  i n  o r d e r  o f  n T i m e S m a p l e s  f o r  s c i e n c e

  #  d a t a  s o  t h a t  t h e  t a r g e t  a n d  c a l i b r a t i o n  s c a n  a r e  b a l a n c e d .

  calWeight=200.0
  
  #- Atmosphere

  
   # In i t ia l  guess o f  mean PWV: Scan-center  in terpo la ted ASDM_CALWVR va lue.

  pwv0=getPWVforAnt(vis,tgtScan,antID,myMsmd)['pwvAvg']

  #  S e t  i n i t i a l  e s t i m a t i o n  o f  P W V  t o  t h e  A T M  m o d e l .

  myAtm.setUserWH2O(qa.quantity(pwv0,'mm'))

  #  A i r m a s s  f o r  t h e  s o l a r  s c a n .

  airMass=myAtm.getAirMass()

  print('....... Initial estimate')
  print('Mean PWV for scan,',tgtScan,' w0 = ',pwv0,' @airMass = ',airMass)
  print('Estimated T_B = ',Tsun00)
  print('.......')

  #- SciSPW to AtmSPW mapping.

  # How sc ience  SPWs map to  the  SPW 0  -  3  in  the  ATM too l .

  sciAtmMap={0:0,1:1,2:2,3:3,5:0,6:0,7:1,8:1,9:2,10:2,11:3,12:3}
  

  # - - -  R e a d - o u t  t h e  s k y + s r c  p o w e r s  f o r  a l l  S P W s  i n  t h e  s p w L i s t .

  #  S to re  t he  f r equency -ave raged  sky+s rc  powers  i n  a  map .

  #  spwId  ->  np .a r ray (nT imeSamples ) .  Do  no t  use  2D a r ray  as  we  index  by  the  SPW

  #  i d ,  w h i c h  i s  s p a r s e  i n  t h e  s e t  o f  i n t e g e r s .

  Pxx={}
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  Pyy={}

  # -  S i m i l a r  m a p s  f o r  t h e  g a i n s  a n d  i n s t r u m e n t a l  p o w e r s  P _ i n s t = G * T _ i n s t .

  #   H e r e ,  a l l  g a i n s  a n d  P _ i n s t  a r e ,  i n  f a c t ,  t h e  G *  a n d  P _ i n t s *  v a l u e s  f o r  t h e

  #   h i g h e r - a t t e n u a t i o n  s o l a r  r e g i m e .  I n  o r d e r  t o  a p p e n d  t h e  A C D  c a l i b r a t i o n

  #   equa t ions ,  whose  measurements  a re  pe r fo rmed  in  the  no rma-a t tenua t ion  reg ime

  #   i n  t h e  p r e c e d i n g  A T M  s c a n ,  w e  d e t e r m i n e  a l s o  t h e  a t t e n u a t i o n  f a c t o r s

  #   AF=G* /G  and  re la ted  power  o f f se t s  AO.

  
  #  F r e q u e n c y - a v e r a g e d  g a i n s .  T h e  s a c l e  f o r  t h e  s p e c t r a l - r e s o l v e d  n o r m .  g a i n s .

  Gxx={} 
  Gyy={}

  #  A t t e n u a t i o n  f a c t o r s  G / G * = ( P _ s k y - P 0 ) / ( P _ o f f - P o ) .  A t t r i b u t e d  t o  e v e r y - s p w

  #  G x x  &  G y y ,  b u t  a c t u a l l y  c a l c u l a t e d  j u s t  i n  S Q L D  s p w s ,  t h e  r e s t  i s  m a p p e d .

  AFxx={}
  AFyy={}

  afMap={0:0,1:1,2:2,3:3,5:0,6:0,7:1,8:1,9:2,10:2,11:3,12:3}

  #  A t t enua t i on -based  power  o f f se t s  AO=-Po* (P_sky -P_o f f ) / (P_o f f -Po ) .

  #  The  same  ho lds  as  f o r  t he  AFs  -  we  use  a fMap .  

  AOxx={}
  AOyy={}

  #  S p e c t r a l  g a i n  n o r m a l i z e d  t o  1 . 0 .  A c u a l  A C D - b a s e d  v a l u e s  i n  s p e c t r a l  A C  s p w s ,

  #  a  t r i v i a l  1 . 0  n d a r r a y  f o r  i n t e g r a t e d - A C  a n d  S Q L D  s p w s .

  gXX={}
  gYY={}

  # Frequency-averaged ins t rumenta l  powers .

  PIxx={}
  PIyy={}

  # -  F i n a l l y ,  t h e  r a w  A C D - c a l i b r a t i o n  p o w e r s .

  # Ambien t - load  powers .

  PxxAmb={}
  PyyAmb={}

  #  Ho t - l oad  powers .

  PxxHot={}
  PyyHot={}
  
  # - -  R e a d  t h e  d a t a  a n d  A C D  c a l i b r a t i o n  t a b l e s  i n  a  l o o p  o v e r  a l l  s c i S P W s .

  
  f o r sciSPW i n spwList:

    #-  Raw data & ACD tab les

    
    #  R e a d  r a w  s c i e n c e  p o w e r s  f o r  t h e  t a r g e t  d e f i n e d  b y  t a r g e t S c a n .

    time,P_src=tgt_pow(vis,tgtScan,antID,sciSPW,myMS=myMS,myMsmd=myMsmd,
                       subScans='on')

    PxxS=P_src[0]
    PyyS=P_src[1]
    
    #  R e a d  A C D  c a l i b r a t i o n s  -  g a i n s , T i n s t ,  a n d  c a l i b r a t i o n  p o w e r s .
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    calDict=acd_calTabs(vis,atmScan,antID,sciSPW,myMS=myMS,myMsmd=myMsmd,
                        acdLoads=acdLoads)

    Pcals=calDict['calPows']
    
    PxxAmbS=Pcals['P_amb'][0]
    PyyAmbS=Pcals['P_amb'][1]

    PxxHotS=Pcals['P_hot'][0]
    PyyHotS=Pcals['P_hot'][1]

    
    #  W e  h a v e  d i f f e r e n t  h a n d l i n g  f o r  f r e q u e n c y - r e s o l v e d  a n d  i n t e g r a t e d  S P W s .

    nChans=PxxS.shape[0]

    i f (nChans > 1):
      
      #- Resolved AC SPWs.

      #   T r i m  t h e  s p e c t r a l  e d g e s  b y  p o s i n g  t h e  i n t e g r a t i o n  l i m i t s  a n d  a v e r a g e

      #   o v e r  t h e  r e m a i n i n g  f C h a n s  c h a n n e l s .

      #  S c i e n c e - t a r g e t  p o w e r s .

      PxxM=np.mean(PxxS[fChans],axis=0)
      PyyM=np.mean(PyyS[fChans],axis=0)

      #  C a l i b r a t i o n  ( A C D )  p o w e r s .

      PxxAmbM=np.mean(PxxAmbS[fChans],axis=0)
      PyyAmbM=np.mean(PyyAmbS[fChans],axis=0)

      PxxHotM=np.mean(PxxHotS[fChans],axis=0)
      PyyHotM=np.mean(PyyHotS[fChans],axis=0)
      
      # -  I n s t r u m e n t a l  f a c t o r s .

      #   S t o r e  t h e  n o r m a l i z e d  ( t o  1 . 0 )  s p e c t r a l  g a i n s  ( a r r a y s ,  c o n s t a n t )  a n d

      #   t h e i r  s c a l e s  ( n u m b e r s ,  t o  b e  r e - f i n e d  b y  t h e  s o l v e r )  s e p a r a t e l y .  

      #  R a w  G *  g a i n s  i n  a  f u l l  S P W .  W e  m a y  f l i p  t h e  a r r a y  ( s e e  b e l o w )  s o  b e t t e r

      #  t o  d o  s o  b e f o r e  i t s  l i m i t i n g  t o  f C h a n s  -  w e e  n e e d  n o t  t o  t h i n k  w h e t h e r

      #  t h e  f C h a n s  c e n t r a l  r a n g e  i s  p l a c e d  s y m m e t r i c a l l y  w i t h n  i t s  S P W .

      #  T h e  1 s t  i n d e x  0  m e a n s  w e  p i c k  t h e  l e a d i n g  P _ o f f  s u b s c a n  -  s e e  t h e  n o t e

      #  i n  a c d _ c a l T a b s 2 ( ) .

      GxxS=1.0/ (calDict['iG*'][0,0])
      GyyS=1.0/ (calDict['iG*'][0,1])

      #  T _ i n s t  i n  f u l l  S P W .  T h e  s a m e  h o l d s  a s  f o r  G * .

      TinstXX=calDict['T_inst'][0]
      TinstYY=calDict['T_inst'][1]
      
      #  C h e c k ,  w h e t h e r  w e  n e e d  f l i p  t h e m  -  t h i s  i s  t h e  c a s e  o f  t h e  L S B  s p w s ,

      #  wh ich  have  dec reas ing  f requency  channe ls .

      spwFreqs=calDict['freqs']

      i f (spwFreqs[0] > spwFreqs[1]):
        #  R e v e r s e d  S P W ,  f l i p  t h e  g a i n  a n d  T _ i n s t  a r r a y s .

        GxxS=np.flip(GxxS)
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        GyyS=np.flip(GyyS)

        TinstXX=np.flip(TinstXX)
        TinstYY=np.flip(TinstYY)

      #  N o w  i t  i s  s a f e  t o  s e l e c t  t h e  c e n t r a l  f C h a n s  b a n d - p a s s .

      GxxS=GxxS[fChans]
      GyyS=GyyS[fChans]

      TinstXX=TinstXX[fChans]
      TinstYY=TinstYY[fChans]

      #  C a l c u l a t e  t h e  u n i t y - n o r m a l i z e d  g a i n s  b y  d i v i d i n g  o u t  t h e  m e a n  v a l u e .

      GxxM=GxxS.mean()
      GyyM=GyyS.mean()
      
      gXX[sciSPW]=GxxS/ GxxM
      gYY[sciSPW]=GyyS/ GyyM

      #  Ins t rumen ta l  power  ave raged  ove r  ou r  fChans  range .

      PIxxM=np.mean(GxxS* TinstXX)
      PIyyM=np.mean(GyyS* TinstYY)
      
    else:
      #-  In teg ra ted  ACs  o r  SQLDs.

      #   T h e  s i n g l e  c h a n n e l  a l r e a d y  r e p r e s e n t s  a  m e a n  o v e r  t h e  b a n d - p a s s .

      #  S c i e n c e  d a t a .

      PxxM=PxxS[0]
      PyyM=PyyS[0]

      # The SQLD spws have 12x h igher  cadence than the ACs.  Rebin the SQLD

      #  d a t a  i n  t i m e  t o  h a v e  a  h o m o g e n e o u s  s e r i e s .  D o  t h e  s a m e  f o r  t i m e  a x i s .

      #  M o r e o v e r ,  e x t r a c t  t h e  a t t e n u a t i o n  f a c t o r  ( P _ s k y - P o ) / ( P _ o f f - P o )  a n d

      # o f fse ts  AO f rom the SQLD spws (ACs use mapp ing a fMap def ined above) .   

      i f  sciSPW i n [0,1,2,3,13,14,15,16]:
        #  R e - b i n  i n  t i m e .

        PxxM=rebin(PxxM,12)
        PyyM=rebin(PyyM,12)
        time=rebin(time,12)

        #  E x t r a c t  t h e  c a l i i b r a t i o n  p o w e r s  r e l e v a n t  f o r  A F  c a l c u l a t i o n

        Patm=Pcals['P_sky']
        Poff=Pcals['P_off']
        Pzero=Pcals['P_zero']

        #  C a l c u l a t e  A F s .

        #  T h e  1 s t  i n d e x  i n  p o w e r s  i s  p o l ,  t h e  2 n d  m e a n s  ( t h e  s i n g l e )  c h a n n e l .

        AFxx[sciSPW]=(Patm[0,0]- Pzero[0,0])/ (Poff[0,0]- Pzero[0,0])
        AFyy[sciSPW]=(Patm[1,0]- Pzero[1,0])/ (Poff[1,0]- Pzero[1,0])
        
        #  Ca lcu la tes  AOs .

        AOxx[sciSPW]=Pzero[0,0]* (AFxx[sciSPW]- 1.0)
        AOyy[sciSPW]=Pzero[1,0]* (AFyy[sciSPW]- 1.0)
        
      #--> endfor(SQLD spws)
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      #  C a l i b r a t i o n  d a t a .

      PxxAmbM=PxxAmbS[0]
      PyyAmbM=PyyAmbS[0]

      PxxHotM=PxxHotS[0]
      PyyHotM=PyyHotS[0]

      
      # -  I n s t r u m e n t a l  f a c t o r s .

      GxxM=1.0/ (calDict['iG*'][0,0,0])
      GyyM=1.0/ (calDict['iG*'][0,1,0])
        

      #  C r e a t e  a  f a k e  s p e c t r a l  n o r m a l i z e d  g a i n  f o r  i n t e g r a t e d  S P W s .

      #  W e  u s e  i t  i n  p r o d u c t s  w i t h  t h e  A T M  a r r a y s  ( e . g .  t r a n s m i s s i v i t y ) ,  w h i c h

      #  a r e  a l w a y s  s p e c t r a l .

      gXX[sciSPW]=np.ones(len(fChans))
      gYY[sciSPW]=np.ones(len(fChans))

      #  I n s t r u m e n t a l  p o w e r :  T h e  c h a n n e l  0  i s  t h e  a v e r a g e  a l r e a d y

      PIxxM=GxxM* calDict['T_inst'][0,0]
      PIyyM=GyyM* calDict['T_inst'][1,0]
    #- ->  end i f ( reso l ved  SPW)

        

    #  Append  the  f requency -ave rged  t ime  se r ies  fo r  each  SPW to  the  maps .

    Pxx[sciSPW]=PxxM
    Pyy[sciSPW]=PyyM

    #  T h e  c a l i b r a t i o n  p o w e r s  a r e  a l r e a d y  t i m e - a v e r a g e d .

    PxxAmb[sciSPW]=PxxAmbM
    PyyAmb[sciSPW]=PyyAmbM
    
    PxxHot[sciSPW]=PxxHotM
    PyyHot[sciSPW]=PyyHotM

  
    #  S e t  t h e  A C D - b a s e d  g a i n s  ( s c a l e s )  a n d  i n s t r u m e n t a l  c o n t r i b u t i o n s .

    Gxx[sciSPW]=GxxM
    Gyy[sciSPW]=GyyM
    
    PIxx[sciSPW]=PIxxM
    PIyy[sciSPW]=PIyyM

    print('SPW ',sciSPW,': <Tsky+src_XX> = ',
          (Pxx[sciSPW].mean()- PIxx[sciSPW])/ Gxx[sciSPW],'+/-',
          Pxx[sciSPW].std()/ Gxx[sciSPW])
    print('         <Tsky+src_YY> = ',
          (Pyy[sciSPW].mean()- PIyy[sciSPW])/ Gyy[sciSPW],'+/-',
          Pyy[sciSPW].std()/ Gyy[sciSPW])
    
  # - - > e n d f o r ( a l l  s c i S P W s  i n  t h e  l i s t )

  
  #  S a v e  t h e  o r i g i n a l  g a i n s  a n d  i n s t r u m e n t a l  p o w e r s  f o r  c o m p a r i s o n  w i t h

  #  t h e  u p d a t e d  v a l u e s  a f t e r  t h e  s o l u t i o n .

  #  No te :  We  have  to  use  copy .deepcopy ( ) ,  t he  s imp le  ass ignmen t  ope ra to r



2.10.2026 sol_wvgcal.py 163

file:///home/barta/ALMAsol/sol_wvgcal.py

  #  c o p i e s  j u s t  t h e  r e f e r e n c e !

  GxxOrig=deepcopy(Gxx)
  GyyOrig=deepcopy(Gyy)

  PIxxOrig=deepcopy(PIxx)
  PIyyOrig=deepcopy(PIyy)

  
  # - -  D i m e n s i o n s  o f  t h e  s y s t e m .

  
  #  C o u n t  t h e  S P W  i n  t h e  l i s t .

  numSpw=len(spwList)
  #  C o u n t  t h e  t i m e  s a m p l e s  i n  d a t a .

  nSamples=len(time)

  #  How many  ne t  equa t i ons  do  we  have  pe r  b lock  o f  1  t ime-samp le .

  #  B e  c a r e f u l l :  D o  n o t  f l a g  t h e  d a t a  t h a t  a r e  * n o t *  p r e s e n t  i n  t h e  s p w L i s t !

  eqBlockSize=2* numSpw- len(flaggedData)
  
  
  #  T h e  d a t a  h a s  b e e n  r e a d - o u t ,  w e  m a y  c l o s e  t h e  ( l o c a l )  t o o l s .

  i f (ownMsmd): myMsmd.done()
  i f (ownMS): myMS.close()

 
  # - -  A r r a y s  f o r  c a l c u l a t i o n s  o f  t h e  m a t r i x  a n d  t h e  R H S - v e c t o r  c o m p o n e n t s

  #    o f  t h e  l i n e a r i z e d  s y s t e m  t h a t  d e p e n d  j u s t  o n  t h e  m o d e l s  ( A T M  +  q u i e t  S u n ) .

  #  Number  o f  t he  mode l  spec t ra l  w indows .

  nAtmSPWs=myAtm.getNumSpectralWindows()
  #  Number  o f  a l l  channe ls  i n  t he  mode l  SPWs.

  nChans=myAtm.getNumChan(0)
  #  Number  o f  cen t ra l  band -pass  (w i t h  edges  t r immed)  channe l s .  

  cChans=len(fChans)
  
  #  F requenc ies  o f  channe l s  i n  ou r  mode l  SPWs  ( cen t ra l  band -pass  on l y ) .

  spw_freqs=np.zeros((nAtmSPWs,cChans))

  f o r atmSpw i n range(nAtmSPWs):
    
    fMin=myAtm.getMinFreq(atmSpw)['value'][0]* 1.0e9 # GHz to Hz

    df=myAtm.getChanSep(atmSpw)['value'][0]* 1.0e6   # MHz to Hz

    
    spw_freqs[atmSpw]=(fMin+df* np.arange(nChans))[fChans]
   
  # Atmosphere  (+CMB)  br igh tness  tempera tu re  fo r  PWV=w0 and i t s  s lope .

  #  P l a c e - h o l d e r s ,  t o  b e  c a l c u l a t e d  i n s i d e  i t e r a t i o n s .

  TbsW0=np.zeros((nAtmSPWs,cChans))
  dTdW=np.zeros((nAtmSPWs,cChans))

  #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .  P l a c e - h o l d e r s .

  trans=np.zeros((nAtmSPWs,cChans))
  tau_1=np.zeros((nAtmSPWs,cChans))

  #  Ave rage  So la r -F lux  spec t rum:  QSR mode l  no rma l i sed  to  1 .0  a t  f = f_LO.

  SF=1.0+b_2/ Tsun00* np.log(spw_freqs/ f_LO)
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  # - - -  S o l v e  t h e  l i n e a r i s e d  s e t  o f  e q u a t i o n s  f o r  d W  a n d  d B  v a r i a t i o n s .

  #     I t e r a t e  u n t i l  t h e y  h a v e  n e g l i g i b l e  m e a n  v a l u e  ( s c a n - a v e r a g e ) .

  # - -  I t e r a t i o n  s e t u p

  #  H a l f  d w  f o r  t h e  e s t i m a t i o n  o f  t h e  d T s k y / d w  b y  c e n t e r r e d  d i f f e r e n c e .

  dws=0.05

  #  S t o p p e r s  f o r  i t e r a t i v e  s o l u t i o n :  W e  s h o u l d  g e t  l e s s  t h e n  t h e s e  v a l u e s .

  dwMean_max=0.01   # mm

  dbMean_max=0.001  #  k i l o K e l v i n

  #++++++++++++++  Loop over reasonable calWeights -  experimental  ++++++++++++++

  PWV=np.zeros(900)
  
  TSxx=np.zeros(900)
  TSyy=np.zeros(900)

  NIT=np.zeros(900)
  xis=np.zeros(900)
  xia=np.zeros(900)
  
  f o r cwi i n range(900):

    #  S e t  c a l W e i g h t .

    calWeight=100.0+cwi

    
    #  R e s e t  t h e  s t a r t i n g  v a l u e s  f o r  i t e r a t i o n s .

    w0=pwv0
    Tsun0xx=Tsun00
    Tsun0yy=Tsun00

    Gxx=deepcopy(GxxOrig)
    Gyy=deepcopy(GyyOrig)
    
    PIxx=deepcopy(PIxxOrig)
    PIyy=deepcopy(PIyyOrig)

    
    #  I n i t i a l  v a l u e s  f o r  t h e  d W  a n d  d L  m e a n s  -  a n y t i n g  b i g g e r  t h e n  t h e  s t o p p e r s .

    dW_mean=0.5
    dB_mean=0.5
    
    #  I t e r a t i o n  c o u n t e r .

    itCount=0
    

    # - -  I t e r a t i o n s :  M i n i m i z e  t h e  m e a n  v a l u e  o f  v a r i a t i o n s .

  
    while(((abs(dW_mean) > dwMean_max) or (abs(dB_mean) > dbMean_max))
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          and (itCount< 20)):

      # - -  P r e p a r e / r e s e t  t h e  l i n e a r i z e d  s y s t e m  o f  e q u a t i o n s .

      # -  R e p e a t i n g  b l o c k s / t i l e s  f o r  e a c h  t i m e - s a m p l e

    
      #  N - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d W , d T _ B x x , d T _ B y y ]  ' n a t u r a l '  v a r i a b l e s

      J_wb=np.zeros((eqBlockSize,3)) #  3  v a r s  r e p e a t i n g  i n  a l l  s p w s  

      #  G - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d G , d P _ i n s t ]  ' i n s t r u m e n t a l '  v a r i a b l e s .

      J_gp=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  va rs  pe r  each  SPW:Po l .

      #  A - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d G , d P _ i n s t ]  f o r  A C D   p o w e r s .

      J_cdA=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  va rs  pe r  SPW:Po l ,  amb ien t

      J_cdH=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  v a r s  p e r  S P W : P o l ,  h o t .

      #  R H S  v e c t o r  f o r  a l l  t i m e  s a m p l e s  s t a c k e d  a s  a  m a t r i x .

      CC=np.zeros((eqBlockSize,nSamples))
      #  R H S - v e c t o r  ' a p p e n d i x '  -  a m b .  &  A C D  c a l i b r a t i o n  p o w e r s  ( t i m e - a v e r a g e d ) .

      CCA=np.zeros((eqBlockSize,1))
      CCH=np.zeros((eqBlockSize,1))
  
      resTxx={}
      resTyy={}

      spw2rowXX={}
      spw2rowYY={}
    
      #- Re-calculate ATM model  wi th updated <PWV> and <Tsun>.

      #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .

      myAtm.setUserWH2O(qa.quantity(w0,'mm'))

      # -  Loop  ove r  4  ATM spws  -  t hese  co r respond  to  t he  channe l - reso l ved  ACs .

      #   C a l c u l a t e  f a c t o r s  d e p e n d e n t  o n l y  o n  t h e  m m o d e l ,  n o t  t h e  d a t a .

      f o r atmSPW i n range(nAtmSPWs):

        # -  M o d e l  v a l u e  o f  t h e  s k y / a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

        Tebb=myAtm.getTebbSkySpec(atmSPW, qa.quantity(w0,'mm'))[1]['value']
        #  L i m i t  t h e  s p e c t r u m  t o  t h e  c e n t r a l  f C h a n s  r e a g i o n  a s  w e  h a v e  t r i m m e d

        #  the  edge  channe ls  in  ACD-based  spec t ra l  no rma l i zed  ga in  gXX/gYY.

        #  S c a l e  t o  k i l o K e l v i n s !

        TbsW0[atmSPW]=0.001* Tebb[fChans]

        # -  S l o p e  ( c e n t e r e d  d i f f e r e n c e )  o f  t h e  a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

        TebbH=myAtm.getTebbSkySpec(atmSPW,
                                   qa.quantity(w0+dws,'mm'))[1]['value'][fChans]
        TebbL=myAtm.getTebbSkySpec(atmSPW,
                                   qa.quantity(w0- dws,'mm'))[1]['value'][fChans]

        #  I n  k i l o K e l v i n s / m m !

        dTdW[atmSPW]=0.001* (TebbH- TebbL)/ (2.0* dws)

        # -  O p a c i t i e s  &  t r a n s m i s i v i t y .

    
        #  D r y  z e n i t h  o p a c i t y

        tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
        #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

        tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
        #  T o t a l  o p a c i t y  ( s p e c t r a l ) .



2.10.2026 sol_wvgcal.py 166

file:///home/barta/ALMAsol/sol_wvgcal.py

        opacity=airMass* (tau_wet+tau_dry)

      
        #  T r a n s m i s s i v i t y  ( s p e c t r a l ) .  L i m i t t e d  t o  f C h a n s .

        trans[atmSPW]=np.exp(- opacity[fChans])
        #  Wet  opac i t y  pe r  1mm PWV sca led  by  a i rmass .  L im i t t ed  to  fChans .

        tau_1[atmSPW]=(airMass/ w0)* tau_wet[fChans]
      
      #--> endfor(modelSPWs)

      # -  L o o p  o v e r  a l l  S C I  s p w s  -  c o m b i n e  m o d e l - o n l y  d e p e n d e n t  f a c t o r s  w i t h

      #   s c i S P W - d e p e n d e n t  d a t a  a n d  i n s t r u m e n t a l  f a c t o r s  a n d  b u i l d  t h e  s y s t e m .

      #  Coun t  t he  ac tua l  number  o f  equa t i ons  -  some  rows  may  be  f l agged .

      eqCount=0

      f o r sciSPW i n spwList:

        #  Map  the  sc i  SPW to  i t s  co r respond ing  ATM coun te rpa r t

        atmSPW=sciAtmMap[sciSPW]

        # -  M o d e l  f a c t o r s .

        #  T e b b  a n d  i t s  s l o p e .

        TbsW0_M=TbsW0[atmSPW]
        dTdW_M=dTdW[atmSPW]

        #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .

        trans_M=trans[atmSPW]
        tau_1M=tau_1[atmSPW]

        #  S o l a r - f l u x  m o d e l  s p e c t r u m  ( n o r m a l i z e d ) .

        SF_M=SF[atmSPW]

        # -  S e p a r a t e  p r o c e d u r e  b y  p o l a r i z a t i o n s  f o r  c o m b i n a t i o n  w i t h  r e a l  d a t a .

      
        #-  Po l  XX

      
        #  F u l l  i d e n t i f i c a t o r  o f  d a t a :  s c i S P W : p o l

        sciDataID=str(sciSPW)+':XX'

        i f (sciDataID not i n flaggedData):

          # -  M o d e l  +  i n s t r u m e n t a l  f a c t o r s  c o m b i n e d .

        
          #  S e n s i t i v i t y  f a c t o r  f o r  P W V .

          SWxx=(- eta_l* eta_F* Tsun0xx* np.mean(gXX[sciSPW]* trans_M* tau_1M* SF_M)
                +(1.0- eta_F+eta_l)* np.mean(gXX[sciSPW]* dTdW_M))* Gxx[sciSPW]

          #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r - b r i g t h n e s s  t e m p e r a t u r e .

          SBxx=Gxx[sciSPW]* eta_l* eta_F* np.mean(gXX[sciSPW]* trans_M* SF_M)

          #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  s p e c t r a l  g a i n  g X X .

          TskyXX=(eta_l* eta_F* Tsun0xx* np.mean(trans_M* SF_M* gXX[sciSPW])
                  +(1.0- eta_F+eta_l)* np.mean(TbsW0_M* gXX[sciSPW])
                  +(1.0- eta_l)* Tamb)
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          # -  B u i l d  t h e  m a t r i x :  N a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .

        
          #  S e t  t h e  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  S P W  a n d  p o l  a s  a  r o w

          #  i n  t h e  b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

          J_wb[eqCount]=np.array([SWxx,SBxx,0.0])

          # -  B u i l d  t h e  m a t r i x :  I n s t r u m e n t a l  ( G  &  P _ i n s t  s e n s i t i v i t i e s )  b l o c k .

        
          #  W e  h a v e  t o  p r e p e n d  a  p r o p e r  o f f s e t  f o r  t h e  G  a n d  P _ i n s t  v a r s  a s

          #  t h e y  a r e  i n d e p e n d e n d t  f o r  e a c h  S P W  a n d  p o l a r i z a t i o n .

          bOffset=2* eqCount
        
          J_gp[eqCount,bOffset]=1.0
          J_gp[eqCount,bOffset+1]=TskyXX

          # -  B u i l d  t h e  m a t r i x :  A C D  p o w e r s  ( a m b  &  h o t )  2 - b l o c k .

        
          af=AFxx[afMap[sciSPW]]
        
          J_cdA[eqCount,bOffset]=af
          J_cdA[eqCount,bOffset+1]=af* Tamb
          
          #  Ho t -power  sub -b lock .

          J_cdH[eqCount,bOffset]=af
          J_cdH[eqCount,bOffset+1]=af* Thot

          # -  B u i l d  t h e  R H S  v e c t o r :  T a r g e t  d a t a

                
          #  R H S :  P x x ( t )  w i t h  t h e i r  s t a t i o n a r y  ( i n  t h e  w o r k i n g  p o i n t )  i n s t r u m e n

          # and  ATM-based  par ts  sub t rac ted .

          dPxx=Pxx[sciSPW]- PIxx[sciSPW]- Gxx[sciSPW]* TskyXX

          #  Se t  i t  as  t he  RHS componen t .

          CC[eqCount]=dPxx

          # -  Ammend  the  RHS vec to r :  Ca l i b ra t i on  da ta .

          #  A t t e n u a t i o n - b a s e d  p o w e r  o f f s e t .

          aoff=AOxx[afMap[sciSPW]]
        
          #  A m b i e n t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

          CCA[eqCount]=PxxAmb[sciSPW]- af* PIxx[sciSPW]- af* Gxx[sciSPW]* Tamb+aoff
          #  H o t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

          CCH[eqCount]=PxxHot[sciSPW]- af* PIxx[sciSPW]- af* Gxx[sciSPW]* Thot+aoff

          # -  D i a g n o s t i c s

        
          #  Res idua  o f  sky  t empere tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

          resTxx[sciSPW]=dPxx.mean()/ Gxx[sciSPW]

          # Mapping between SPW:XX and equation number.

          spw2rowXX[sciSPW]=eqCount
        
          eqCount+=1
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        else: print('Ignoring flagged ',sciDataID,' data.')
        # - - >  e n d i f ( n o t  f l a g g g e d )

        #-  Po l  YY

      
        #  F u l l  i d e n t i f i c a t o r  o f  d a t a :  s c i S P W : p o l

        sciDataID=str(sciSPW)+':YY'

        i f (sciDataID not i n flaggedData):

          # -  M o d e l  +  i n s t r u m e n t a l  f a c t o r s  c o m b i n e d .

        
          #  S e n s i t i v i t y  f a c t o r  f o r  P W V .

          SWyy=(- eta_l* eta_F* Tsun0yy* np.mean(gYY[sciSPW]* trans_M* tau_1M* SF_M)
                +(1.0- eta_F+eta_l)* np.mean(gYY[sciSPW]* dTdW_M))* Gyy[sciSPW]

          #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r - b r i g t h n e s s  t e m p e r a t u r e .

          SByy=Gyy[sciSPW]* eta_l* eta_F* np.mean(gYY[sciSPW]* trans_M* SF_M)

          #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  s p e c t r a l  g a i n  g Y Y .

          TskyYY=(eta_l* eta_F* Tsun0yy* np.mean(trans_M* SF_M* gYY[sciSPW])
                  +(1.0- eta_F+eta_l)* np.mean(TbsW0_M* gYY[sciSPW])
                  +(1.0- eta_l)* Tamb)
  
        
          # -  B u i l d  t h e  m a t r i x :  N a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .

        
          #  S e t  t h e  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  S P W  a n d  p o l  a s  a  r o w

          #  i n  t h e  b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

          J_wb[eqCount]=np.array([SWyy,0.0,SByy])

          # -  B u i l d  t h e  m a t r i x :  I n s t r u m e n t a l  ( G  &  P _ i n s t  s e n s i t i v i t i e s )  b l o c k .

        
          #  W e  h a v e  t o  p r e p e n d  a  p r o p e r  o f f s e t  f o r  t h e  G  a n d  P _ i n s t  v a r s  a s

          #  t h e y  a r e  i n d e p e n d e n d t  f o r  e a c h  S P W  a n d  p o l a r i z a t i o n .

          bOffset=2* eqCount
        
          J_gp[eqCount,bOffset]=1.0
          J_gp[eqCount,bOffset+1]=TskyYY

          # -  B u i l d  t h e  m a t r i x :  A C D  p o w e r s  2 - b l o c k .

          #  A t t e n u a t i o n  f a c t o r  G * / G .

          af=AFyy[afMap[sciSPW]]

          # Ambien t -power  sub-b lock .

          J_cdA[eqCount,bOffset]=af
          J_cdA[eqCount,bOffset+1]=af* Tamb

          #  Ho t -power  sub -b lock .

          J_cdH[eqCount,bOffset]=af
          J_cdH[eqCount,bOffset+1]=af* Thot       

          # -  B u i l d  t h e  R H S  v e c t o r :  T a r g e t  d a t a .
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          #  R H S :  P y y ( t )  w i t h  t h e i r  s o n a r y  ( i n  t h e  w o r k i n g  p o i n t )  i n s t r u m e n t a l

          # and  ATM-based  par ts  sub t rac ted .

          dPyy=Pyy[sciSPW]- PIyy[sciSPW]- Gyy[sciSPW]* TskyYY

          #  Se t  i t  as  t he  RHS componen t .

          CC[eqCount]=dPyy
         
          # -  Ammend  the  RHS vec to r :  Ca l i b ra t i on  da ta .

        
          #  A t t e n u a t i o n - b a s e d  p o w e r  o f f s e t .

          aoff=AOyy[afMap[sciSPW]]
        
          #  A m b i e n t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

          CCA[eqCount]=PyyAmb[sciSPW]- af* PIyy[sciSPW]- af* Gyy[sciSPW]* Tamb+aoff
          #  H o t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

          CCH[eqCount]=PyyHot[sciSPW]- af* PIyy[sciSPW]- af* Gyy[sciSPW]* Thot+aoff
        
        
          # -  D i a g n o s t i c s

        
          #  Res idua  o f  sky  t empere tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

          resTyy[sciSPW]=dPyy.mean()/ Gyy[sciSPW]

          # Mapping between SPW:YY and equation number.

          spw2rowYY[sciSPW]=eqCount
        
          eqCount+=1
          
        else: print('Ignoring flagged ',sciDataID,' data.')
        # - - >  e n d i f ( n o t  f l a g g g e d )

      # - - >  e n d f o r ( a l l  s c i  S P W s )

    
      #  N o w ,  t h e  e q C o u n t  s h o u l d  b e  t h e  s a m e  a s  e q B l o c k S i z e .  J u s t  c h e c k  i t .

      i f (eqCount ! = eqBlockSize):
        print("******* Ooops, something is wrong !*******")
        print("   The expected number of equations does not correspond to the")
        print("   number of measured and non-flagged SPWs/polarization chans.")
        return False
      

      #- -  Grand  sys tem assemb ly  and  i nve rs ion  by  pa r t s .  We  use  the  app roach  f rom

      #    e x t M a t I n v ( )  f o r  i n v e r s i o n  o f  e x t e n d e d - s y s t e m  m a t r i x .  T h e  p r o c e d u r e

      #    pe r fo rmed  he re  l ooks  mys te r ious  ( somet imes  a  fac to r  nSamp les  emergeor

      #    t h e  R H S  v e c t o r  s u m m e d  o v e r  t i m e - s a m p l e s ) ,  b u t  a l l  d i r e c t l y  i m p l i e s  f r o

      #    a p p l i c a t i o n  o f  t h e  i n v e r t e d  m a t r i x  o f  e x t e n d e d  g r a n d - s y s t e m  ( p r e s e r v e d

      #    i n  t he  commen ted  sec t i on  be low)  t o  t he  RHS vec to r .  We  use  advan tage  o f

      #    t h e  s y m m e t r y  o f  t h e  o r i g i n a l  g r a n d - s y s t e m  m a t r i x  ( J J _ K ^ T = J J _ K ) .

      #    A d v a n t a g e :  T h i s  b l o c k - d e c o m p o s e d  s o l u t i o n  i s  O ( n s ^ 1 )  i n  t h e  n u m b e r  o f

      #    t i m e - s a m p l e s ,  w h i l e  t h e  ' b r u t a l - f o r c e '  d i r e c t  m e t h o d  i n  t h e  c o m m e n t e d

      #    s e c t i o n  b e l o w  s c a l e s  a s  O ( n s ^ 3 )  a n d  t a k e s  a g e s . . .  

    
      # -  C a l c u l a t e  t h e  s m a l l - b l o c k  m a t r i c e s  a n d  t h e i r  i n v e r s i o n s  n e e d e d  f o r

      #   g r a n d - s y s t e m  i n v e r s i o n .

      #  N a t u r a l  ( N - b l o c k )  m a t r i c e s .
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      J_wb_T=np.transpose(J_wb)
      J_K=np.matmul(J_wb_T,J_wb)
      J_K_inv=np.linalg.inv(J_K)

      #  G a i n / P _ i n s t  ( G - b l o c k )  m a t r i c e s .

      J_gp_T=np.transpose(J_gp)
    
      #  ACD rows  (A -b lock )  ma t r i ces .

      #  C a l c u l a t e  t r a n s p o s i t i o n s  p e r  s u b - b l o c k  ( a m b i e n t / h o t ) .

      J_cdA_T=np.transpose(J_cdA).copy()
      J_cdH_T=np.transpose(J_cdH).copy()

      #  I n c r e a s e  i m p o r t a n c e  o f  t h e  A C D  r o w s  b y  c a l i b r a t i o n  w e i g h t .

      #  O n l y  t h e  t r a n s p o s e d  A - b l o c k  m a t r i c e s  s h o u l d  b e  s c a l e d  u p !

      J_cdA_T*=calWeight
      J_cdH_T*=calWeight
    
      #  C o m p o s e  t h e  f u l l  b l o c k  a n d  i t s  t r a n s p o s i t i o n .  T h e  t r a n s p o s i t i o n  t o  b e

      #  s c a l e d  u p  -  s e e  a b o v e .  O r ,  a l t e r n a t i v e l l y ,  i t  c a n  b e  b u i l t  a s

      #  np .hs tack ( [ J_cdA_T ,J_cdH_T ] )  f r om a l y  sca led -up  t r ansposed  sub -b locks .

      J_cd=np.vstack([J_cdA,J_cdH])
      J_cd_T=calWeight* np.transpose(J_cd)

      # -  B a s e - m a t r i x  e x t e n s i o n s .

    
      #  R i g h t  a n d  l o w e r  b a n d s :  T h e i r  ( n E q s  x  3 )  a n d  ( 3  x  n E q s )  r e p e a t i n g  b l o c k s .

      Rb=np.matmul(J_wb_T,J_gp)    
      Lb=np.transpose(Rb)
    
      #  L o w e r - r i g h t  c o r n e r

      LRc=nSamples* np.matmul(J_gp_T,J_gp)+np.matmul(J_cd_T,J_cd)

      # -  F r e q u e n t l y  r e p e a t i n g  m a t r i x  p r o d u c t s .  C f .  w i t h  e x t M a t I n v ( )  a b o v e .

      
      #  A i n v  x  R b  a n d  L b  x  A i n v

      AinvRb=np.matmul(J_K_inv,Rb)
      LbAinv=np.transpose(AinvRb)
      
      # -  S c h u r  c o m p l e m e n t  a n d  i t s  i n v e r s i o n .

      SC=LRc- nSamples* np.matmul(Lb,AinvRb)
      SC_inv=np.linalg.inv(SC)
      
      # -  B l o c k s  o f  i n v e r t e d  g r a n d - s y s t e m  m a t r i x .

      
      #  S t a r t  w i t h  t h e  l o w e r - l e f t  b l o c k  a s  i t  r e p e a t s  i n  u p p e r - l e f t  b l o c k ,  t o o .

      Minv21= -np.matmul(SC_inv,LbAinv)
      
      #  U p p e r - l e f t  b l o c k :  O f f - d i a g o n a l  t e r m s .  T h e  d i a g o n a l  b l o c k s  d i f f e r  j u s t

      # by  added J_K_ inv .

      Minv11_OD= -np.matmul(AinvRb,Minv21)
      
      #  U p p e r - r i g h t  b l o c k .

      Minv12=np.transpose(Minv21)

      #  L o w e r - r i g h t  b l o c k .

      Minv22=SC_inv
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      # - -  A p p l y  t h e  i n v e r t e d  m a t r i x  c o m p o n e n t s  t o  t h e  R H S  v e c t o r .

    
      # Sum o f  the  RHS a long  the  t ime ax is ,  keep ing  the  SPW:POL d imens ion .

      #  P r e s e r v e  t h e  n u m b e r  o f  m a t r i x  r o w s ,  j u s t  s u m  t h e i r  c o n t e n t s ,  i . e .  m a k e

      #  t h e  s i n g l e - c o l u m n  m a t r i x .

      CCsum=np.reshape(CC.sum(axis=1),(- 1,1))

      # -  F o r m  t h e  R H S  v e c t o r  f o r  t h e  n o r m a l  e q u a t i o n s  ( K - f o r m  m i n i m i z e r ) ,

      #   i . e ,  m u l t i p l y  t h e  r a w  d a t a  b y  J J _ T  

      
      #  S t a r t  w i t h  t h e  n a t u r a l - v a r i a b l e s  d W  a n d  d B  p a r t .

      C_K_wb=np.matmul(J_wb_T,CC)      #  3  x  nSamp les  mat r i x

      #  M a k e  t h e  s a m e  a l s o  f o r  i t s  t i m e - s u m .

      C_K_wb_sum=np.matmul(J_wb_T,CCsum)   #  3  x  1

    
      #  F o l l o w  w i t h  t h e  i n s t r u m e n t a l  p a r t .

      C_K_gp=(np.matmul(J_gp_T,CCsum)      # 2*eqCount  x  1

              +np.matmul(J_cdA_T,CCA)
              +np.matmul(J_cdH_T,CCH))

      # -  A p p l y  b l o c k s  o f  t h e  i n v e r t e d  J J _ K ^ ( - 1 )  m a t r i x  t o  t h e  C _ K  R H S  v e c t o r .

      #  C o n s t a n t  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r  ( 3  x  1 )

      nvConst=np.matmul(Minv11_OD,C_K_wb_sum)+np.matmul(Minv12,C_K_gp)

      #  T i m e - v a r y i n g  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r .  I t  c o m e s  f r o m  t h e

      #  add i t i on  to  the  M inv11  d iagona l - te rms  (see  comment  above  a t  M inv11_OD) .

      nvVar=np.matmul(J_K_inv,C_K_wb)  # 3 x nSamples 

      #  C o m p o s e  t h e  c o m p l e t e  n a t u r a l  v a r i a b l e s  v e c t o r .

      varNat=nvVar+nvConst

      #  I n s t r u m e n t a l  v a r i a b l e s .  T h e  r e s u l t  i s  o f  2 * e q B l o c k S i z e  x  1  s h a p e .

      varInst=np.matmul(Minv21,C_K_wb_sum)+np.matmul(Minv22,C_K_gp)

      # -  R e s h a p e  t h e  r e s u l t s  -  e x t r a c t  o u r  e l e m e n y t a r y  v a r i a b l e s .

    
      #  Seapara te  t he  na tu ra l - va rs  componen ts .

      dW = varNat[0]
      dBxx=varNat[1]
      dByy=varNat[2]
    
      #  R e s h a p e  i n s t r u m e n t a l  p a r a m e t e r s  t o  t w o  r o w s  ( t r a n s p o s e ) :  1 s t  i s  d P _ i n s t ,

      # the 2nd dG, one component per SPW:POL.

      dPG=np.transpose(np.reshape(varInst,(eqBlockSize,2)))

      #  E x t r a c t  t h e  s h i f t s  i n  t h e  P _ i n s t  a n d  G  

      dPinst=dPG[0]    
      dGinst=dPG[1]

      # -  A n a l y t i c s :  C a l c u l a t e  t h e  e r r o r s  f o r  t h e  o v e r - d e t e r m i n e d  s e t  o f  e q s .

      #  e r r = A . x - b :  S c i - d a t a  p a r t .

      errVec=np.matmul(J_wb,varNat)+np.matmul(J_gp,varInst)- CC
      #  X i  s q u a r e  f o r  t h e  s c i - d a t a  p a r t .  

      xiSci=np.sum(errVec* errVec)
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      #  e r r = A . x - b :  A C D - d a t a  p a r t .

      errVecACDamb=np.matmul(J_cdA,varInst)- CCA
      errVecACDhot=np.matmul(J_cdH,varInst)- CCH
      #  X i  s q u a r e  f o r  t h e  a c d - d a t a  p a r t .  

      xiACD=np.sum(errVecACDamb* errVecACDamb)+np.sum(errVecACDhot* errVecACDhot)
  
      #  G r a n d - t o t a l  X i - s q u a r e  n o r m a l i z e d  t o  t h e  n u m b e r  o f  e q u a t i o n s  a n d  r e l a t i v e

      #  Tsky+s rc /Tho t  ra t i o (=  approx .  3500K/350K=10)

      xiSquare=xiSci/ nSamples+xiACD/ calWeight* 10.0     
    
      # -  A l l  v a r i a t i o n s  s h o u l d  t e n d  t o  z e r o  m e a n s .

      dW_mean=dW.mean()
      dBxx_mean=dBxx.mean()
      dByy_mean=dByy.mean()
      
      dB_mean=np.sqrt(dBxx_mean* * 2+dByy_mean* * 2)
    
      #  U p d e  s t a t i o n a r y  p a r t  o f  P W V  a n d  s o l a r  T _ B   b y  m e a n s  o f  t h e i r  v a r i a t i o n s .

      w0+=dW_mean
      Tsun0xx+=dBxx_mean
      Tsun0yy+=dByy_mean

      #  U p d a t e  a l s o  t h e  P _ i n s t  a n d  G  b y  t h e  f o u n d  d i f f e r e n c e s .

      #  S t a r t  w i t h  X X  p o l .

      f o r sciSPW,eqCount i n spw2rowXX.items():
        #  Upda te  t he  P_ ins t  and  G .

        PIxx[sciSPW]+=dPinst[eqCount]
        Gxx[sciSPW]+=dGinst[eqCount] 
      # - - >  e n d f o r ( S P W s  w i t h  v a l i d  X X  p o l )

      #  Y Y  p o l .

      f o r sciSPW,eqCount i n spw2rowYY.items():      
        #  Upda te  t he  P_ ins t  and  G .

        PIyy[sciSPW]+=dPinst[eqCount]
        Gyy[sciSPW]+=dGinst[eqCount]   
      # - - >  e n d f o r ( S P W s  w i t h  v a l i d  Y Y  p o l )

      #-  Convergence  d iagnos t i cs .

      itCount+=1
    
      #  Upda ted  scan-averaged  PWV and  Tsun  a f te r  comp le ted  i te ra t ion .

      print('vvvvvvv\n After iteration no. ',itCount)
      print('\nMean PWV for the scan,',tgtScan,' w0 = ',w0,
            ", mean Tsun (XX/YY) = ",Tsun0xx,'/',Tsun0yy)
   
      #  M e a n  v a l u e s  o f  d W  a n d  d B  f l u c t u a t i o n s  s h o u l d  t e n d  t o  z e r o .

      print("dW mean: ",dW_mean)
      print("dB mean: ",dB_mean)

      #  S k y - b r i g h t n e s s  r e s i d u a  s h o u l d  t e n d  t o  z e r o ,  t o o .

      #  C o n v e r t  t h e  s p w I d  m a p s  t o  n p . a r r a y s  f i r s t .  W e  h a v e  t o  g o  v i a  ' l i s t ' .

      #  S c a l e  b a c k  f o r m  k i l o K e l v i n s  t o  K e l v i n s .

      resTxxArr=1000.0* np.array(list(resTxx.values()))
      resTyyArr=1000.0* np.array(list(resTyy.values()))
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      print("\nres Txx: ", resTxxArr,"\nmean +/- RMS: ",
            resTxxArr.mean(),"+/-",resTxxArr.std())
      print("\nres Tyy: ", resTyyArr,"\nmean +/- RMS: ",
            resTyyArr.mean(),"+/-",resTyyArr.std())

      print("\nInstrumental characteristics shift [dP_inst, dG]:",dPinst,dGinst)

      print('^^^^^^^\n\n')

    # - - >  e n d w h i l e ( n o n - z e r o - m e a n s )  /  e n d  o f  m a i n  i t e r a t i o n  l o o p .    

    PWV[cwi]=w0
  
    TSxx[cwi]=Tsun0xx
    TSyy[cwi]=Tsun0yy
    
    NIT[cwi]=itCount
    xis[cwi]=xiSci
    xia[cwi]=xiACD
  
  # - - >  e n d f o r ( r a n g e - o f - c a l W e i g h t s )

  # Range o f  ca lWeigh ts

  CWS=100.0+np.arange(900.0)

  # - -  R e t u r n  t h e  a r r a y s  o f  i n t e r e s t  i n  d e p e n c e n c e  o n  c a l W e i g h t .

  
  return {'CW':CWS,"PWV":PWV,"Tx":TSxx,"Ty":TSyy,"XiS":xis,"XiA":xia,"NIT":NIT}
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def saveSol_dWdB(vis,atmScan,tgtScan,spwList):
  " " "

  C r e a t e  A T M  m o d e l  f r a m e w o r k  a n d  t h e n  r u n  d W d B ( )  f o r  a l l  a n t e n n a s  i n  t h e  a r r a y .

  S a v e  t h e  c o m p l e t e  r e s u l t s  ( d W ,  d B ,  m a t r i x ,  a n d  R H S )  i n t o  a  b i n a r y  N P Y  f i l e .

  S e e  n p . s a v e ( )  a n d  n p . l o a d ( ) .

  " " "

  # - -  C rea te  t he  a tmosphe re  mode l  t ha t  cove rs  t he  f r equency  doma in  o f  a l l  SPWs .

  #    I t  i s  c o m m o n  f o r  a l l  a n t e n n a s  -  w e  v a r y  t h e  P W V  p e r  a n t e n n a  i n s i d e  d W d B ( ) .

  atmModel=setAtmosSciSPWs(vis,tgtScan)

  # - -  G e t  a n t e n n a  l i s t .

  myMsmd=msmdtool()
  myMsmd.open(vis)
  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()
  myMsmd.done()

  # - -  L o o p  o v e r  a l l  a n t e n n a s .  

  f o r myAnt i n antIDs:
    
    #  R e p o r t  p r o g r e s s .

    
    print('\n============================================================')
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    print('Calculating antenna ',int(myAnt),'<-->',antNames[myAnt])
    print('============================================================\n')

    dwdb=dWdB(vis,atmScan,tgtScan,atmModel,int(myAnt),spwList)

    
    # -   F o r  u s i n g  b i n a r y  n p . s a v e ( )  w e  n e e d  e v e r y t h i n g  a s  a n  n p . n d a r r a y .

    #  C o n v e r t  t h e  a n t e n n a  I D  t o  a  s i n g l e - e l e m e n t  a r r a y .

    antIDa=np.array([int(myAnt)])

    #  E x t r a c t  t h e  a r r a y s  f r o m  t h e  m a p .

    tt=dwdb['time']
    dW=dwdb['dW']
    dB=dwdb['dB']
    AA=dwdb['A']
    CC=dwdb['C']

    #  O p e n  o u r  N P Y - b i n a r y  f i l e  i n  t h e  a p p e n d  m o d e  a n d  s a v e  t h e  a r r a y s  f o r

    #  t h e  c u r r e n t  a n t e n n a .

    with open('./dWdB_DATA.npy', 'ab') as f:
      np.save(f,antIDa)
      np.save(f,tt)
      np.save(f,dW)
      np.save(f,dB)
      np.save(f,AA)
      np.save(f,CC)
    #  - - >  e n d ( s a v e  b l o c k )

  #  - - >  e n d f o r ( a l l  a n t e n n a s )

  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def saveSol_dWdB_Tbs(vis,atmScan,tgtScan,spwList):
  " " "

  As  saveSo l_dWdB( ) ,  bu t  now fo r  da ta  p roduced  by  e i t he r  dWdB_Tbs( )  o r

  dWdBdG().

  T h e  m a i n  d i f f e r e n c e  i s  i n  t h e  A T M  m o d e l :  W h i l e  d W d B ( )  r e q u i r e s  s t a t i c

  o p a c i t i e s  ( i . e .  a r r a y s )  p r e - c a l c u l a t e d  b y  s e t A t m o s S c i S P W s ( ) ,  t h e  d W d d B _ T b s ( )

  a n d  d W d B d G ( )  r o u t i n e s  r e q u i r e  t h e  f u l l  A T M  t o o l  ( a t t o o l )  a s  t h e i r  p a r a m e t e r ,

  h e r e  s e t  a n d  c o u p l e d  t o  a c t u a l  m e t e o  s i t u a t i o n  v i a  s e t A t m T o o l 4 S P W s ( ) .

  " " "

  # - -  G l o b a l  t o o l s  &  d a t a

  
  myMS=mstool()
  myMS.open(vis)

  myMsmd=msmdtool()
  myMsmd.open(vis)
  
  acdLoads=aU.getLoadTemperatures(vis,doplot = False,
                                  warnIfNoLoadTemperatures = True,
                                  mymsmd=myMsmd)
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  # - -  A tmosphe re  mode l  t ha t  cove rs  t he  f r equency  doma in  o f  a l l  SPWs.

  myAtm=attool()
  setAtmTool4SPWs(myAtm,vis,tgtScan)

  # - -  G e t  a n t e n n a  l i s t .

  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()

  # - -  R e d i r e c t  o u t p u t  t o  a  t e x t  f i l e .

  
  sys.stdout=open("./1_STDOUT.txt", "w")

  
  # - -  L o o p  o v e r  a l l  a n t e n n a s .  

  f o r myAnt i n antIDs:
    
    #  R e p o r t  p r o g r e s s .

    
    print('\n============================================================')
    print('Calculating antenna ',int(myAnt),'<-->',antNames[myAnt])
    print('============================================================\n')

    # Select  by (un)comment ing whether  dWdB_Tbs()  or  dWdBdG()  should be used

    #  f o r  a c t u a l  p e r - n a t e n n a  c a l c u l a t i o n s .

    
    ' ' '

    dwdb=dWdB_Tbs(v is ,a tmScan, tg tScan,myAtm, in t (myAnt ) ,spwL is t , f laggedData=[ ] ,

                  myMS=myMS,myMsmd=myMsmd,acdLoads=acdLoads)

    ' ' '

    dwdb=dWdBdG(vis,atmScan,tgtScan,myAtm,int(myAnt),spwList,flaggedData=[],
                myMS=myMS,myMsmd=myMsmd,acdLoads=acdLoads)

    
    #  F o r  u t i l i s a t i o n  o f  b i n a r y  n p . s a v e ( )  w e  n e e d  e v e r y t h i n g  a s  a n  n p . n d a r r a y .

    #  C o n v e r t  t h e  a n t e n n a  I D  t o  a  s i n g l e - e l e m e n t  a r r a y .

    antIDa=np.array([int(myAnt)])

    #  E x t r a c t  t h e  a r r a y s  f r o m  t h e  m a p .

    tt=dwdb['time']
    dW=dwdb['pwv']
    dB=dwdb['T_B']
    AA=dwdb['J']
    CC=dwdb['C']

    #  O p e n  o u r  N P Y - b i n a r y  f i l e  i n  t h e  a p p e n d  m o d e  a n d  s a v e  t h e  a r r a y s  f o r

    #  t h e  c u r r e n t  a n t e n n a .

    with open('./PWV_TB_GP_DATA.npy', 'ab') as f:
      np.save(f,antIDa)
      np.save(f,tt)
      np.save(f,dW)
      np.save(f,dB)
      np.save(f,AA)
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      np.save(f,CC)
    #  - - >  e n d ( s a v e  b l o c k )

    #  F l u s h  t h e  r e d i r e c t e d  s t d o u t  s t r e a m .

    sys.stdout.flush()
  #  - - >  e n d f o r ( a l l  a n t e n n a s )

  # - -  R e s t o r e  &  c l e a n - u p .

  #  R e s t o r e  s t d o u t  b a c k  t o  c o n s o l e .

  sys.stdout = sys.__stdout__

  #  C l o s e  t h e  t o o l s .

  myAtm.done()
  myMsmd.done()
  myMS.close()
  
  return True

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def restoreSol_dWdB(vis,filePath,runID=100000):
  " " "

  L o a d  t h e  r e s u l t s  o f  d W d B ( )  &  f r i e n d s  f o r  e n t i r e  A L M A  a r r a y  f r o m  a  f i l e  a n d

  s t o r e  i t  a s  a  m a p  w i t h  a n t e n n a  a s  i t s  k e y .  R e s t o r i n g  w o r k s  a s  a  r e v e r s e

  rout ine to  both  saveSol_dWdB()  and saveSol_dWdB_Tbs()

  T h e  * f i l e P a t h *  p o i n t s  t o  t h e  N P Y  f i l e  w i t h  d a t a .

  T h e  * r u n I D *  p a r a m e t e r  ( s t a r t i n g  f r o m  1 )  c o n t r o l s ,  w h i c h  o f  t h e  a p p e n d e d

  r e c o r d s  s h o u l d  b e  r e a d .

  W e  n e e d  * v i s *  i n  o r d e r  t o  d e t e r m i n e  t h e  a n t e n n a  a r r a y  ( T o d o :  T h i n k  a b o u t

  r e - i m p l e m e n t a t i o n  o f  t h e  c o r r e s p o n d i n g  s a v e _ ( )  r o u t i n e s  s o  t h a t  t h a y  s t o r e

  a n t e n n a  a r r a y  a t  t h e  b e g i n n i n g  o f  t h e  f i l e ) .

  

  I t  i s  a  s o l a r - s p e c i f i c  r o u t i n e .

  See a lso saveSol_dWdB()  /  saveSol_dWdB_Tbs() .

  " " "

  # - -  L i s t  a l l  a n t e n n a s  i n  t h e  a r r a y .

  myMsmd=msmdtool()
  myMsmd.open(vis)
  antIDs=myMsmd.antennaids()
  myMsmd.done()

  #  So  fa r  empty  map  [an t ID  ->  dWdB_record ] .

  dWdB_map={}

  #  I n i t  t h e  r e c o r d  c o u n t e r .

  rCount=0
  

  # Open the  b inary  dWdB data .

  with open(filePath, 'rb') as f:



2.10.2026 sol_wvgcal.py 177

file:///home/barta/ALMAsol/sol_wvgcal.py

    # - -  L o o p  o v e r  t h e  s t a c k  o f  r e c o r d s .

    while(rCount<runID):
    
      # - -  L o o p  o v e r  a l l  a n t e n n a s .  

      f o r myAnt i n antIDs:

        #  W e  m a y  b e  a i m i n g  a t  t h e  l a s t  r e c o r d  ( t h e  d e f a u l t )  -  c h e c k  t h e  E O F .

        #  The  np . l oad ( )  me thod  needs  t o  be  checked  v i a  excep t i ons .

        t r y:
          
          antIDa=np.load(f)
                       
        except (EOFError,ValueError, OSError): # EOF: new/old NumPy sty le

          print("EOF reached beyond record no.",rCount,".\n")
          #  P r e v e n t  f u r t h e r  r e a d i n g  a t t e m p t s .

          rCount=runID
          #  B r e a k  t h e  a n t e n n a  f o r - l o o p .

          break
                    
        # - - >  e n d  t r y / c a t c h  b l o c k .

        #  T h e  a n t I D  h a s  b e e n  e n c o d e d  a s  a  s i n g l e - e l e m e n t  n p  a r r a y  i n  o r d e r

        #  t o  u s e  s a v e ( ) / l o a d ( )  i n f r a s t r u c t u r e .

        antID=antIDa[0]

        #  L o a d  t h e  a r r a y s .

        tt=np.load(f)
        dW=np.load(f)
        dB=np.load(f)
        AA=np.load(f)
        CC=np.load(f)
        
        #  O r g a n i s e  t h e m  i n t o  t h e  r e c o r d  ( a  m a p )  a s  t h e y  w e r e  r e t u r n e d  b y  d W d B ( ) .

        dWdB_record={}
        
        dWdB_record['time']=tt
        dWdB_record['dW']=dW
        dWdB_record['dB']=dB
        dWdB_record['A']=AA 
        dWdB_record['C']=CC
        
        #  A p p e n d  t h e  r e c o r d  t o  t h e  c o l l e c t i o n .

        dWdB_map[antID]=dWdB_record

      # - - >  e n d f o r ( a l l  a n t e n n a s )

      #  I n c r e m e n t  t h e  r e c o r d  c o u n t e r .

      rCount+=1
      
    #-->endwhi le(recordCountReached)    

  # - - >  e n d  w i t h - b l o c k

      
  #  R e t u r n  t h e  e n t i r e  c o l l e c t i o n .  

  return dWdB_map

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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#                   5 . 1  C o n s i s t e n c y  c h e c k s  o f  t h e  d P W V  p r o x i e s

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dB_sum():
  " " "

  S u m  t h e  b r i g h t n e s s  v a r i a t i o n s  a s  f o u n d  b y  d W d B ( )  f o r  a l l  a n t e n n a s .

  

  I d e a :  I f  t h e r e  i s  a n  i n t r i n s i c  T _ B  v a r i a t i o n  o f  t h e  S u n ,  w e  a r r i v e  t o  t h i s

  ' c o h e r e n t '  c o n t r i b u t i o n  i n  t h e  s u m .  I f  n o t ,  a n d  t h e  d B  c h a n g e s  a r e  j u s t

  b e c a u s e  o f  a t m o s p e r i c  l e n s i n g ,  t h e  a v e r a g e  o f  d B  o v e r  a l l  a n t e n n a s  s h o u l d

  t e n d  t o  z e r o .

  " " "

  #  R e s t o r e  a l l - a n t e n n a  r e c o r d s ,  g e t  t h e  s i z e  o f  t h e  c o l l e c t i o n .

  dwdbMap=restoreSol_dWdB()
  nAnts=len(dwdbMap)

  #  E x t r a c t  t i m e - a x i s  f r o m  t h e  1 s t  a n t e n n a  -  i t  s h o u l d  b e  t h e  s a m e  f o r  a l l .

  tt=dwdbMap[0]['time']

  #  S u m m e d  a r r a y s  o f  d B  f o r  X X  a n d  Y Y .  I n i t  b y  t h e  1 s t  a n t e n n a .

  dBxx=dwdbMap[0]['dB'][0]
  dByy=dwdbMap[0]['dB'][1]
  
  f o r ant i n range(1,nAnts):
  
    dB=dwdbMap[ant]['dB']

    dBxx+=dB[0]
    dByy+=dB[1]
    
  # - ->  end fo r (an tennas )

  #  D o  t h e  a v e r a g e  -  s c a l e  t h e  s u m  b y  t h e  c o u n t  o f  a n t e n n a s .

  dBxx/ =nAnts
  dByy/ =nAnts

  plt.plot(tt,dBxx,'b-')
  plt.plot(tt,dByy,'r-')
  
  return
  
# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def TbStats(resCG,resVG):
  " " "

  The  mean  b r igh tness  tempera tu re  o f  t he  Sun ,  as  de r i ved  f rom dWdB_Tbs( )

  a n d  i t s  g e n e r a l i z a t i o n  d W d B d G ( ) ,  s h o u l d  b e  e s s e n t i a l l y  t h e  s a m e  f o r  a l l

  a n t e n n a s  -  w e  e x p e c t  ( l i k e  i n  d B _ s u m ( )  a b o v e )  t h a t  t h e  ' s c i n t i l l a t i o n '

  b u r s t / d r o p s  b e c a u s e  o f  t u r b u l e n c e  f o c u s i n g / d e - f o c u s i n g  e f f e c t s  a r e  i n  a v e r a g e

  z e r o  o v e r  t h e  s c a n .

  H e r e  w e  m a k e  s t a t i c s t i c s  o v e r  a l l  a n t e n n a s  f o r  t w o  s e t s  o f  t h e  r e s u l t s :

  One  ob ta ined  by  dWdB_Tbs ( )  w i t h  cons tan t  ga ins  de te rm ined  by  ACD ca l i b ra t i on ,

  a n d  t h e  o t h e r ,  r e s u l t i n g  f r o m  d W d B d G ( ) ,  w h e r e  w e  a l l o w  f o r  t h e  g a i n  c o r r e c t i o n

  v i a  m i n i m i z i n g  t h e  g r a n d - s y s t e m  ( s c i e n c e  +  c a l i b r a t i o n  m e a s u r e m e n t s  t o g e t h e r ) .

  T h e  p a r a m e t e r s  * r e s C G *  a n d  * r e s V G *  a r e  t h e  m a p s / d i c t s  o b t a i n e d  a s  a  r e s u l t  o f
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  r e s t o r e S o l _ d W d B ( )  f o r  t h e  c o n s t a n t - g a i n  a n d  v a r i a b l e - g a i n  s o l u t i o n s ,

  r e s p e c t i v e l l y .

  " " "

  #  Number  fo  reco rds  (num.  o f  an tennas )

  nAnts=len(resCG.keys())

  #  A l l o c a t e  t h e  a r r a y s .

  Tbxx_c=np.zeros(nAnts)
  Tbyy_c=np.zeros(nAnts)
  Tbxx_v=np.zeros(nAnts)
  Tbyy_v=np.zeros(nAnts)

  ind=0
  
  #  L o o p  o v e r  a l l  a n t e n n a s .

  f o r antID i n resCG.keys():

    #  E x t r a c t  t h e  d a t a .  M a k e  t h e  t i m e  a v e r a g i n g .

    Tbxx_c[ind]=resCG[antID]['dB'][0].mean()
    Tbyy_c[ind]=resCG[antID]['dB'][1].mean()

    Tbxx_v[ind]=resVG[antID]['dB'][0].mean()
    Tbyy_v[ind]=resVG[antID]['dB'][1].mean()

    ind+=1
  # - - >  e n d f o r ( a l l  a n t e n n a s )

  #  M a k e  a n d  p r i n t  t h e  s t a t s .

  
  print("\n------- Constant gains:\n")

  print("T_Bxx mean = ",Tbxx_c.mean(),", STD = ",Tbxx_c.std())
  print("T_Byy mean = ",Tbyy_c.mean(),", STD = ",Tbyy_c.std())

  print("\n------- Variable gains:\n")

  print("T_Bxx mean = ",Tbxx_v.mean(),", STD = ",Tbxx_v.std())
  print("T_Byy mean = ",Tbyy_v.mean(),", STD = ",Tbyy_v.std())
  
  return {"C": [Tbxx_c,Tbyy_c], "V": [Tbxx_v,Tbyy_v]}
  
# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

#                6 .  A n a l y s i s :  C o m p a r e  t h e  d P W V  p r o x i e s  v s .  p h a s e  v a r i a t i o n s

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dpwvXphi_plots(doSun=False,useSQLD=False):
  " " "

  * * *  S o  f a r  s p e c i f i c  j u s t  f o r  t h e  s o l a r  M S  2 0 2 2 . 1 . 0 0 0 3 1 . C S V ,  B a n d  5  ! ! !  * * *

  P l o t  t h e  p h a s e  v a r i a t i o n s  o p v e r p l o t t e d  b y  o u r  d P W V  p r o x y ,  s c a l e d  b y

  t h e  t h e o r e t i c a l  f a c t o r  d P h i / d P W V = - 2 5 . 0  f o r  e a c h  a n t e n n a  -  s e e  t h e  P R 1 1 .

  T h i s  i s  j u s t  t h e  q u i c k - c h e c k  d i a g n o s t i c s .   

  W e  m a y  u s e  A C s  o r  S Q L D  f o r  t h a t  -  s e e  d P W V ( ) ;  t h i s  i s  c o n t r o l l e d  b y  * u s e S Q L D * .

  W h e t h e r  w e  d o  t h i s  f o r  t h e  B P - c a l i b r a t o r  o r  t h e  S u n  i s  c o n t r o l l e d  b y  * d o S u n * .

  " " "
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  # - -  ' S t a t i c '  s e t t i n g s .

  
  #  Our  i npu t  MS.

  vis='uid___A002_X110fd13_X1099e.ms'

  #  F i n d  t h e  a n t e n n a  l i s t  ( t h e  I D s  a n d  c o r r e s p o n d i n g  n a m e s )

  msmd.open(vis)
  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()
  msmd.done()
  
  
  # - -  D o  w e  a n a l y s e  t h e  B P  c a l i b r a t o r  o r  t h e  S u n ?  I t  c o n t r o l s  t h e  a t m / t g t S c a n .

  i f (doSun):

    #  T h e  S u n ' s  t a r g e t - s c a n  a n d  i t s  p r e c e d i n g  A C D - c a l i b r a t i o n  A T M  s c a n .

    atmScan=8
    tgtScan=9

    srcName='sun'
    #  S e l f - c a l i b r a t e d  s o l a r  p h a s e  s o l u t i o n

    gTable='../calibrated/lowres-sc.phase_int'

  else:
    
    #  B P  c a l i b r a t o r :  T h e  t a r g e t  a n d  A C D - c a l i b r a t i o n  s c a n s .

    atmScan=4
    tgtScan=5

    srcName='BPcal'
    #  B a n d - p a s s  c a l i b r a t o r  p h a s e  g a i n t a b l e  -  r a w ,  i . e .  w i t h o u t  W V R  c o r r e c t i o n .

    gTable=vis+'.ap_pre_bandpass'

  #- -  Do we use ACs or  SQLD for  dPWV ca lcu la t ions?

  
  i f (useSQLD):    
    #  S P W  t y p e  -  p a r t  o f  t h e  o u t p u t - p l o t s  d i r e c t o r y  n a m e .

    spwType='sqld'
    
  else: # ACs

    #  S P W  t y p e  -  p a r t  o f  t h e  o u t p u t - p l o t s  d i r e c t o r y  n a m e .

    spwType='ac'
  
  # - -  D i r e c t o r y ,  w h e r e  t o  s a v e  t h e  o u t p u t  p l o t s .

  pngDir+='./dwDphi_'+spwType+'/'+srcName+'/'
  i f (not os.path.exists(pngDir)): os.makedirs(pngDir)

  #  I n  t h e  M S  c a l i b r a t i o n  s c r i p t ,  D V 1 0  =  i d 3 7  h a s  b e e n  p i c k e d  a s  t h e  r e f e r e n c e .

  refAnt=37

  # - -  C a l c u l a t e  t h e  d P W V  p r o x y  f o r  t h e  * r e f e r e n c e *  a n t e n n a .

  print('Calculating reference antenna.')
  mjd_ref,dpw_refXX,dpw_refYY=dPWV(vis,atmScan,tgtScan,refAnt,useSQLD)
  
  # - -  L o o p  o v e r  a l l  a n t e n n a s .

  
  f o r myant i n antIDs:
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    #  R e p o r t  p r o g r e s s .

    print('Calculating antenna ',int(myant),'<-->',antNames[myant])
    
    # -  C a l c u l a t e  t h e  d P W V  p r o x y  f o r  a n t e n n a  a n t .

    time_pwv,dpw_XX,dpw_YY=dPWV(vis,atmScan,tgtScan,int(myant),useSQLD)
    
    #  Sub t rac t  t he  dPWV a t  t he  r e fe rence  an tenna .

    dwx=dpw_XX- dpw_refXX
    dwy=dpw_YY- dpw_refYY
    
    #-  T ime->Phase map/d ic t .       

    tpDict=getPhase(gTable,myant,5) # SPW 5

    time_phi=tpDict['mjd']
    phx=tpDict['phiXX']
    phy=tpDict['phiYY']
    
    # -  Make  a  p l o t  w i t h  an  ove rp l o t :  Phases  vs .  dPWV

    #  P l o t  p h a s e s  i n  r e d :  X X  s o l i d  l i n e ,  Y Y  d a s h e d .

    plt.plot(time_phi,phx,'-r')
    plt.plot(time_phi,phy,'--r')

    #  P l o t  o u r  d P W V - p r o x y ,  w i t h  r e f A n t - o f f s e t  s u b t r a c t e d  a n d  s c a l e d  b y  - 2 5 . 0

    #  B l u e  c o l o r ,  X X  s o l i d ,  Y Y  d a s h e d

    plt.plot(time_pwv,- 25.0* dwx,'-b')
    plt.plot(time_pwv,- 25.0* dwy,'--b')

    #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

    plt.title(antNames[myant])
    
    #  S a v e  t o  a  f i l e  a n d  c l o s e .

    plt.savefig(pngDir+'dwDp_'+antNames[myant]+'.png')  
    plt.show() 
    plt.close()
    
  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dpwvXphi_corrs(doSun=False,useSQLD=False):
  " " "

  * * *  S o  f a r  j u s t  f o r  t h e  s o l a r  M S  p r o j e c t  2 0 2 2 . 1 . 0 0 0 3 1 . C S V ,  B a n d  5 ! ! !  * * *

 

  C a l c u l a t e  a c t u a l  c o r r e l a t i o n s  b e t w e e n  d P W V  a n d  p h a s e s .  J u s t  i n d i c a t i v e  p l o t s

  a r e  p e r f o r m e d  b y  d p w v X p h i _ p l o t s ( )  w i t h  a n t i c i p a t e d  c o e f f i c i e n t  o f  l i n e a r

  r e g r e s s i o n  t o  b e  - 2 5 . 0  ( s e e  t h e  s t u d y  i n  P R 1 1 ,  M a r c h  2 0 2 5 ) .  H e r e ,  w e  p e r f o r m

  a c t u a l  c o r r e l a t i o n  c a l c u l a t i o n s ,  f i n d i n g  t h e  c o e f f i c i e n t s  o f  l i n e a r  r e g r e s s i o n

  b e t w e e n  d P W V  a n d  p h a s e s .  H o w e v e r ,  t h e  s i t u a t i o n  i s  n o t  t h a t  s i m p l e :  t h e

  p r e l i m i n a r y  a n a l y s i s  h a s  s h o w n  ( s e e  P R 1 1 )  t h a t  t h e  p h a s e s  t e n d  t o  ( p e r h a p s

  l i n e a r l y )  g r o w  a l s o  w i t h  t i m e  a n d  t i m e - b a s e d  d e - t r e n d i n g  o f  t h e  p h a s e  s e r i e s

  s h o u l d  b e  p e r f o r m e d .  I n  o r d e r  t o  d o  t h a t ,  p a r a m e t r i z e d  l i n e a r  r e g r e s s i o n

  i s  c o m p u t e d  h e r e  u s i n g  p a r e g r e s s i o n ( ) .

  

  W e  m a y  u s e  A C s  o r  S Q L D  f o r  t h a t  -  s e e  d P W V ( ) ;  t h i s  i s  c o n t r o l l e d  b y  * u s e S Q L D * .

  W h e t h e r  w e  d o  t h i s  f o r  t h e  B P - c a l i b r a t o r  o r  t h e  S u n  i s  c o n t r o l l e d  b y

  * d o S u n * .
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  " " "

  
  # - -  ' S t a t i c '  s e t t i n g s .

  
  #  Our  i npu t  MS.

  vis='uid___A002_X110fd13_X1099e.ms'

  #  F i n d  t h e  a n t e n n a  l i s t  ( t h e  I D s  a n d  c o r r e s p o n d i n g  n a m e s )

  msmd.open(vis)
  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()
  msmd.done()
  
  # - -  D o  w e  a n a l y s e  t h e  B P  c a l i b r a t o r  o r  t h e  S u n ?  I t  c o n t r o l s  t h e  a t m / t g t S c a n .

  i f (doSun):

    #  T h e  S u n ' s  t a r g e t - s c a n  a n d  i t s  p r e c e d i n g  A C D - c a l i b r a t i o n  A T M  s c a n .

    atmScan=8
    tgtScan=9

    srcName='sun'
    #  S e l f - c a l i b r a t e d  s o l a r  p h a s e  s o l u t i o n

    gTable='../calibrated/lowres-sc.phase_int'

  else:
    
    #  B P  c a l i b r a t o r :  T h e  t a r g e t  a n d  A C D - c a l i b r a t i o n  s c a n s .

    atmScan=4
    tgtScan=5

    srcName='BPcal'
    #  B a n d - p a s s  c a l i b r a t o r  p h a s e  g a i n t a b l e  -  r a w ,  i . e .  w i t h o u t  W V R  c o r r e c t i o n .

    gTable=vis+'.ap_pre_bandpass'

  #- -  Do  we  use  ACs  o r  SQLD fo r  dPWV ca lcu la t i ons?  We have  d i f f e ren t  t ime

  #    r e s o l u t i o n s :  P h a s e  s o l u t i o n  m a y  b e  i n t e g r a t i o n  b a s e d  ( f o r  t h e  S u n ) ,  s o

  #    o f  t h e  s a m e  t i m e  c a d e n c e  a s  t h e  A C  d a t a ,  o r  1 0 x  u n d e r s a m p l e d  ( f o r  t h e  B P

  #    c a l i b r a t o r ,  w h e r e  w e  u s e  s o l i n t = ' 1 . 9 2 s '  i n  g a i n c a l ( ) ) .  T h e  S Q L D  i s  1 2 x

  #    f a s t e r  t h a n  A C s .  

  
  i f (useSQLD):
    #  S P W  t y p e  -  p a r t  o f  t h e  o u t p u t - p l o t s  d i r e c t o r y  n a m e .

    spwType='sqld'  
  else: # ACs

    #  S P W  t y p e  -  p a r t  o f  t h e  o u t p u t - p l o t s  d i r e c t o r y  n a m e .

    spwType='ac'

  # - -  D i r e c t o r y ,  w h e r e  t o  s a v e  t h e  o u t p u t  p l o t s .

  pngDir='./1corr_dwDphi_'+spwType+'/'+srcName+'/'
  i f (not os.path.exists(pngDir)): os.makedirs(pngDir)

  #  I n  t h e  M S  c a l i b r a t i o n  s c r i p t ,  D V 1 0  =  i d 3 7  h a s  b e e n  p i c k e d  a s  t h e  r e f e r e n c e .

  refAnt=37
  
  #  C a l c u l a t e  t h e  d P W V  p r o x y  f o r  t h e  r e f e r e n c e  a n t e n n a .

  print('Calculating reference antenna.')
  mjd_ref,dpw_refXX,dpw_refYY=dPWV(vis,atmScan,tgtScan,refAnt,useSQLD)
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  # - -  L o o p  o v e r  a l l  a n t e n n a s

  f o r myant i n antIDs:
    
    #  R e p o r t  p r o g r e s s .

    print('Calculating antenna ',int(myant),'<-->',antNames[myant])
    
    #  E x t r a c t  p h a s e s  a s  t h e  t i m e  - >  p h a s e  m a p / d i c t i o n a r y .

    tpDict=getPhase(gTable,int(myant),5) # use SPW 5

    time_phi=tpDict['mjd']
    phx=tpDict['phiXX']
    phy=tpDict['phiYY']

    #  C a l c u l a t e  t h e  d P W V  p r o x y  f o r  a n t e n n a  a n t .

    time_pwv,dpw_XX,dpw_YY=dPWV(vis,atmScan,tgtScan,int(myant),useSQLD)
    
    #  Sub t rac t  t he  dPWV a t  t he  r e fe rence  an tenna .

    ddpwXX=dpw_XX- dpw_refXX
    ddpwYY=dpw_YY- dpw_refYY

    #  W e  h a v e  d i f f e r e n t  t i m e  r e s o l u t i o n s / c a d e n c e s :  P h a s e  s o l u t i o n  m a y  b e

    #  i n t e g r a t i o n - b a s e d  ( f o r  t h e  S u n ) ,  s o  o f  t h e  s a m e  t i m e  c a d e n c e  a s  t h e  A C

    #  dPWV da ta ,  o r  10x  unde rsamp led  ( f o r  t he  BP  ca l i b ra to r ,  whe re  we  use

    #  s o l i n t = ' 1 . 9 2 s '  i n  g a i n c a l ( ) ) .  T h e  S Q L D  i s  y e t  1 2 x  f a s t e r  t h a n  A C s ,  s o  i f

    #  w e  u s e  i t ,  o u r  d P W V  p r o x y  c a n  h a v e  e v e n  1 2 0 x  b e t t e r  r e s o l u t i o n  t h a n  t h e

    #  p h a s e  s o l u t i o n s  ( i f  w e  u s e  1 0  i n t e g r a t i o n s  a s  i n  t h e  B P  c a l i b r a t o r  c a s e ) .  

    #  S o l u t i o n :  M a k e  t h e  r e s o l u t i o n / c a d e n c e  c o n f o r m i n g  t o  t h a t  o f  t h e  * p h a s e s * .

    dwx=np.interp(time_phi,time_pwv,ddpwXX)
    dwy=np.interp(time_phi,time_pwv,ddpwYY)

    # - -  Ca l cu la te  t he  co r re l a t i ons  be tween  dPWV and  phase  w i t h  op t im i sed

    #    r e m o v a l  o f  t h e  t i m e - t r e n d .

    rcXX=paregression(dwx,phx)
    rcYY=paregression(dwy,phy)

    #  E x t r a c t  t h e  t i m e - t r e n d .

    ttXX=rcXX['tTrend']
    ttYY=rcYY['tTrend']
    
    #  E x t r a c t  t h e  c o e f f i c i e n t  o f  l i n e a r  c o r r e l a t i o n .

    KXX=rcXX['K']
    KYY=rcYY['K']
    
    #  E x t r a c t  t h e  o f f s e t  o f  l i n e a r  c o r r e l a t i o n .

    QXX=rcXX['Q']
    QYY=rcYY['Q']
    
    #  E x t r a c t  f i t - q u a l i t y  m e a s u r e  ( X i - s q u a r e )  o f  t h e  l i n e a r  c o r r e l a t i o n .

    Xi2XX=rcXX['Xi2']
    Xi2YY=rcYY['Xi2']
    
    #  P r i n t  t h e  e x t r a c t e d  v a l u e s

    print('T-trend = ',ttXX,ttYY)
    print('K = ',KXX,KYY)
    print('Q = ',QXX,QYY)
    print('Xi2 = ',Xi2XX,Xi2YY)
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    # -  Make  sca t t e r  p l o t s :  dPWW ove r  t ime -de t rended  phase .  Eeach  po l .  ex t ra

    #  T i m e  v e c t o r ,  s t a r t  w i t h  1 .

    tVec=np.arange(phiSize)+1.0

    # Detrended phases.

    pdXX=phx- ttXX* tVec
    pdYY=phy- ttYY* tVec

    #  M a k e  X X  a n d  Y Y  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

    ff,(sp1,sp2)=plt.subplots(1,2)
  
    #  P l o t  t h e  c o r r e l a t i o n s  a s  r e d  d o t s .

    sp1.plot(dwx,pdXX,'.r')
    sp2.plot(dwy,pdYY,'.r')

    #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

    plt.title(antNames[myant])
    
    #  S a v e  t o  a  f i l e  a n d  c l o s e .

    plt.savefig(pngDir+'dwDp_'+antNames[myant]+'.png')  
    plt.show() 
    plt.close()
    
  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def blindPhiFix(doSun=False,useSQLD=False):
  " " "

  * * *  S o  f a r  j u s t  f o r  t h e  s o l a r  M S  p r o j e c t  2 0 2 2 . 1 . 0 0 0 3 1 . C S V ,  B a n d  5 ! ! !  * * *

  B a s i c a l l y ,  w e  d o  t h e  s a m e  c a l c u l a t i o n s  l i k e  i n  d p w v X p h i _ p l o t s ( )  b u t  n o w

  w e  t r y  t o  m a k e  b l i n d  c o r r e c t i o n s  o f  t h e  p h a s e s  b y  d P W V  w i t h  t w o  o p t i o n s :

  1 .  W e  f i x  p h a s e  b y  s u b t r a c t i n g  d P W V  s c a l e d  b y  t h e  t h e o r e t i c a l  f a c t o r  - 2 5 . 0 .

  2 .  L i k e  i n  c a s e  ( 1 . ) ,  b u t  u s e  t h e  f a c t o r  f o u n d  b y  t h e  c o r r e l a t i o n  a n a l y s i s .

  

  P h a s e s  f i x e d  b y  b o t h  m e t h o d s  a r e  p l o t t e d  i n t o  a  s i n g l e  c h a r t  f o r  c o m p a r i s o n .

  W e  w o u l d  l i k e  t o  s e e ,  w h a t  i s  r e s i d a l  p h a s e  v a r i a t i o n  a f t e r  t h e  c o r r e c t i o n .

  

  @todo :  Fo r  t he  Sun  we  do  NOT have  ye t  ' i ndpenden t '  phase  so lu t i on  t o  compare ,

  w e  d o  i t  f o r  t h e  p h a s e s  o f  t h e  B P  c a l .  O f  c o u r s e ,  i t  h a s  n o  s e n s e  t o  c o m p a r e

  t h e  d P W V  c u r v e  ( s c a l e d  b y  - 2 5 . 0 )  f o r  t h e  S u n  w i t h  t h e  p h a s e s  f o r  t h e  B P - c a l .

  T h e  o n l y  g o a l  i s  t o  s e e ,  w h e t h e r  w e  h a v e  s i m i l a r  a m p l i t u d e  a n d  t y p i c a l

  dynam ics  compa rab le  o r  no t .  

  " " "

  
  # - -  ' S t a t i c '  s e t t i n g s .

  #  Our  i npu t  MS.

  vis='uid___A002_X110fd13_X1099e.ms'
  
  #  F i n d  t h e  a n t e n n a  l i s t  ( t h e  I D s  a n d  c o r r e s p o n d i n g  n a m e s )

  msmd.open(vis)
  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()
  msmd.done()
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 # - -  D o  w e  a n a l y s e  t h e  B P  c a l i b r a t o r  o r  t h e  S u n ?  I t  c o n t r o l s  t h e  a t m / t g t S c a n .

  i f (doSun):

    #  T h e  S u n ' s  t a r g e t - s c a n  a n d  i t s  p r e c e d i n g  A C D - c a l i b r a t i o n  A T M  s c a n .

    atmScan=8
    tgtScan=9

    srcName='sun'
    #  S e l f - c a l i b r a t e d  s o l a r  p h a s e  s o l u t i o n

    gTable='../calibrated/lowres-sc.phase_int'

  else:
    
    #  B P  c a l i b r a t o r :  T h e  t a r g e t  a n d  A C D - c a l i b r a t i o n  s c a n s .

    atmScan=4
    tgtScan=5

    srcName='BPcal'
    #  B a n d - p a s s  c a l i b r a t o r  p h a s e  g a i n t a b l e  -  r a w ,  i . e .  w i t h o u t  W V R  c o r r e c t i o n .

    gTable=vis+'.ap_pre_bandpass'

  #- -  Do  we  use  ACs  o r  SQLD fo r  dPWV ca lcu la t i ons?  We have  d i f f e ren t  t ime

  #    r e s o l u t i o n s :  P h a s e  s o l u t i o n  m a y  b e  i n t e g r a t i o n  b a s e d  ( f o r  t h e  S u n ) ,  s o

  #    o f  t h e  s a m e  t i m e  c a d e n c e  a s  t h e  A C  d a t a ,  o r  1 0 x  u n d e r s a m p l e d  ( f o r  t h e  B P

  #    c a l i b r a t o r ,  w h e r e  w e  u s e  s o l i n t = ' 1 . 9 2 s '  i n  g a i n c a l ( ) ) .  T h e  S Q L D  i s  1 2 x

  #    f a s t e r  t h a n  A C s .  

  
  i f (useSQLD):
    #  S P W  t y p e  -  p a r t  o f  t h e  o u t p u t - p l o t s  d i r e c t o r y  n a m e .

    spwType='sqld'  
  else: # ACs

    #  S P W  t y p e  -  p a r t  o f  t h e  o u t p u t - p l o t s  d i r e c t o r y  n a m e .

    spwType='ac'

  # - -  D i r e c t o r y ,  w h e r e  t o  s a v e  t h e  o u t p u t  p l o t s .

  pngDir='./blindFix_'+spwType+'/'+srcName+'/'
  i f (not os.path.exists(pngDir)): os.makedirs(pngDir)

  #  D i a g n o s t i c  o u t p u t  t o  a  t e x t  f i l e  i n  t h e  s a m e  d i r  a s  t h e  p l o t s .

  diagTxt=open(pngDir+'diag_outs.txt','w')

  #  I n  t h e  M S  c a l i b r a t i o n  s c r i p t ,  D V 1 0  =  i d 3 7  h a s  b e e n  p i c k e d  a s  t h e  r e f e r e n c e .

  refAnt=37
  
  #  C a l c u l a t e  t h e  d P W V  p r o x y  f o r  t h e  r e f e r e n c e  a n t e n n a .

  print('Calculating reference antenna.')
  mjd_ref,dpw_refXX,dpw_refYY=dPWV(vis,atmScan,tgtScan,refAnt,useSQLD)
  

  # - -  L o o p  o v e r  a l l  a n t e n n a s

 
  f o r myant i n antIDs:
    
    #  R e p o r t  p r o g r e s s .
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    print('Calculating antenna ',int(myant),'<-->',antNames[myant])

    #  E x t r a c t  p h a s e s  a s  t h e  t i m e  - >  p h a s e  m a p / d i c t i o n a r y .

    tpDict=getPhase(gTable,int(myant),5) # use SPW 5

    time_phi=tpDict['mjd']
    phx=tpDict['phiXX']
    phy=tpDict['phiYY']

    #  C a l c u l a t e  t h e  d P W V  p r o x y  f o r  a n t e n n a  a n t .

    time_pwv,dpw_XX,dpw_YY=dPWV(vis,atmScan,tgtScan,int(myant),useSQLD)
    
    #  Sub t rac t  t he  dPWV a t  t he  r e fe rence  an tenna .

    ddpwXX=dpw_XX- dpw_refXX
    ddpwYY=dpw_YY- dpw_refYY
    
    #  M a k e  t h e  r e s o l u t i o n s  c o n f o r m i n g  t o  t h a t  o f  t h e  p h a s e  s o l u t i o n .

    #  S e e  e x p l a n a t i o n  a t  t h e  s a m e  p o i n t  o f  d p w v X p h i _ c o r r s ( ) .

    dwx=np.interp(time_phi,time_pwv,ddpwXX)
    dwy=np.interp(time_phi,time_pwv,ddpwYY)

    # - -  Ca l cu la te  t he  co r re l a t i ons  be tween  dPWV and  phase  w i t h  op t im i sed

    #    r e m o v a l  o f  t h e  t i m e - t r e n d  i n  p h a s e s .

    rcXX=paregression(dwx,phx)
    rcYY=paregression(dwy,phy)

    #  E x t r a c t  t h e  o p t i m i z e d  t i m e - t r e n d  c o e f f c i e n t s  ( d P h i = t _ p h i * i )  f o r  p h a s e s .

    ttXX=rcXX['tTrend']
    ttYY=rcYY['tTrend']
    
    #  E x t r a c t  t h e  c o e f f i c i e n t  o f  l i n e a r  c o r r e l a t i o n  b e t w e e n  d P W V  a n d  d P h i .

    KXX=rcXX['K']
    KYY=rcYY['K']
    
    #  E x t r a c t  t h e  o f f s e t  o f  l i n e a r  c o r r e l a t i o n  b e t w e e n  d P W V  a n d  d P h i .

    
    QXX=rcXX['Q']
    QYY=rcYY['Q']
    
    #  E x t r a c t  f i t - q u a l i t y  m e a s u r e  ( X i - s q u a r e )  o f  t h e  l i n e a r  c o r r e l a t i o n .

    Xi2XX=rcXX['Xi2']
    Xi2YY=rcYY['Xi2']
    
    #  P r i n t  t h e  e x t r a c t e d  v a l u e s

    print('T-trend = ',ttXX,ttYY)
    print('K = ',KXX,KYY)
    print('Q = ',QXX,QYY)
    print('Xi2 = ',Xi2XX,Xi2YY)

    # - -  C o m p a r e  t h e  o p t i m i z e d  d e t r e n d  i n  p h a s e s  w i t h  j u s t  t h e  b l i n d  d e t r e n d i n g

    #    the  dPWV.

    #  T i m e  m e a s u r e d  a s  a n  i n t e g r a t i o n  i n d e x .

    iVect=np.arange(phiSize)

    #  T ime- t rends  so le l y  i n  dPWV (b l i nd  =  no  phase  know ledge )
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    wtx=np.polyfit(iVect,dwx,1)[0]
    wty=np.polyfit(iVect,dwy,1)[0]

    #  H o w  m u c h  t h e y  a r e  d i f f e r e n t  ( b y  w h a t  f a c t o r )  f r o m  t h e  o p t i m i z e d  d e t r e n d ?

    #  W e  u s e  s c a l i n g  t _ p h i = - K K * t _ p w v  b e t w e e n  t h e  l i n e a r  t i m e - t r e n d  e q u i v a l e n t l y

    #  e x p r e s s e d  i n  t e r m s  o f  d P W V  s e r i e s  ( i n s t e a d  o f  d P h i  o n e ) .

    trFactorXX= -KXX* wtx/ ttXX
    trFactorYY= -KYY* wty/ ttYY
    
    
    # - -  B l i n d l y  f i x  t h e  p h a s e s  a n d  p l o t  t h e  r e s i d u a l s .

    #  S c a t t e r - r a n g e s  f o r  t h e  u n c o r r e c t e d  p h a s e s .  W e  c o m p a r e  l a t e r  w i t h  c o r r e c t e d

    #  a n d  d i s c a r d  t h o s e  t h a t  w o r s e n  t h e  s i t u a t i o n  f r o m  p l o t t i n g

    px0Range=np.max(phx)- np.min(phx)
    py0Range=np.max(phy)- np.min(phy)
    
    
    # -  B l i n d  c o r r e c t i o n

    #  M e t h o d  1 :  F i x e d - v a l u e  s c a l e  f a c t o r  o f  - 2 5 .

    
    bc_pxx1=phx+25.0* dwx
    bc_pyy1=phy+25.0* dwy

    #  S c a t t e r - r a n g e s  a f t e r  c o r r e c t i o n  b y  m e t h o d  1

    px1Range=np.max(bc_pxx1)- np.min(bc_pxx1)
    py1Range=np.max(bc_pyy1)- np.min(bc_pyy1)

    
    #  M e t h o d  2 :  U s e  t h e  c o r r e l a t i o n  f a c t o r  f o u n d  b y  p a r e g r e s s i o n ( )

    
    bc_pxx2=phx- KXX* dwx
    bc_pyy2=phy- KYY* dwy

    #  S c a t t e r - r a n g e s  a f t e r  c o r r e c t i o n  b y  m e t h o d  2

    px2Range=np.max(bc_pxx2)- np.min(bc_pxx2)
    py2Range=np.max(bc_pyy2)- np.min(bc_pyy2)

    #  F o r  t h o s e  a n t e n n a s ,  w h e r e  t h e  b l i n d - c o r r e c t i o n  i s  n o t  r e a l l y  b a d ,  p r i n t

    #  t h e  r a t i o  b e t w e e n  t h e  o p t i m i z e d  ( u s i n g  k n o w l e d g e  o f  p h a s e s )  a n d

    #  a n d  t h e  b l i n d  t i m e - t r e n d  c o e f f i c i e n t s  f o r  d P W V  t o  a  t e x t  f i l e .

    i f (px1Range < 1.5* px0Range):
      print('De-trending factor XX for antenna: ',antNames[myant],': ',
            trFactorXX,file=diagTxt)

    i f (py1Range < 1.5* py0Range):
      print('De-trending factor YY for antenna: ',antNames[myant],': ',
            trFactorYY,file=diagTxt)

  
    # -  I n i t  p l o t s

    #  S e t  t h e  s i z e s  o f  t h e  p l o t

    plt.rcParams["figure.figsize"] = (10,5)
    #  M a k e  X X  a n d  Y Y  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

    ff,(sp1,sp2)=plt.subplots(1,2)
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    #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

    plt.title(antNames[myant])

    
    # -   X X :  l e f t  s u b - p l o t    

    #  P l o t  t h e  m e t h o d  1  r e s u l t s  a s  a  r e d  l i n e ,  i f  t h e  s c a t t e r  i s  n o t  t o o  b i g .

    i f (px1Range < 1.5* px0Range): sp1.plot(time_phi,bc_pxx1,'-r') 
    #  O v e r p l o t  t h e  m e t h o d  2  r e s u l t s  a s  a  b l u e  l i n e ,  i f  s c a t t e r  i s  n o t  t o o  b i g .

    i f (px2Range < 1.5* px0Range): sp1.plot(time_phi,bc_pxx2,'-b')
    #  O v e r p l o t  t h e  u n c o r r e c t e d  p h a s e  f o r  c o m p a r i s o n  a s  a  g r e e n  l i n e  ( a l w a y s ) .

    sp1.plot(time_phi,phx,'-g')
    
    # -   Y Y :  r i g h t  s u b - p l o t

    #  P l o t  t h e  m e t h o d  1  r e s u l t s  a s  a  r e d  l i n e ,  i f  t h e  s c a t t e r  i s  n o t  t o o  b i g .

    i f (py1Range < 1.5* py0Range): sp2.plot(time_phi,bc_pyy1,'-r') 
    #  O v e r p l o t  t h e  m e t h o d  2  r e s u l t s  a s  a  b l u e  l i n e ,  i f  s c a t t e r  i s  n o t  t o o  b i g .

    i f (py2Range < 1.5* py0Range): sp2.plot(time_phi,bc_pyy2,'-b')
    #  O v e r p l o t  t h e  u n c o r r e c t e d  p h a s e  f o r  c o m p a r i s o n  a s  a  g r e e n  l i n e  ( a l w a y s ) .

    sp2.plot(time_phi,phy,'-g')
  
    # -  S a v e  t o  a  f i l e  a n d  c l o s e .

    plt.savefig(pngDir+'phi_residua_'+antNames[myant]+'.png')  
    plt.show() 
    plt.close()

    #  F l u s h  t h e  d i a g T x t  b u f f e r .

    diagTxt.flush()
    
  #  C l o s e  t h e  ( s i n g l e )  d i a g n o s t i c  o u t p u t  f i l e .

  diagTxt.close()
  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

#   7 .  C o m p a r e  p h a s e s  b y  d P W V  p r o x i e s  w i t h  t h o s e  f r o m  w v r g c a l ( )  -  B P  c a l i b r a t o r

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def wvrPhase(vis,antID,spw):
  " " "

  E x t r a c t  W V R - p r e d i c t e d  p h a s e  d e l a y s  f o r  t h e  P B - c a l i b r a t o r  a s  a  f u n c t i o n  o f

  t i m e  f o r  t h e  W V R  g a i n  t a b l e  t h a t  h a s  b e e n  c r e a t e d  b y  t h e  c a l l

  @code{sh}

  w v r g c a l ( v i s = v i s , c a l t a b l e = ' w v r _ g c a l . W ' ,  s e g s o u r c e = T r u e ,  s o u r c e f l a g = [ ' S u n ' ] ,

  s ta tsource= 'J1256-0547 ' , re fan t= 'DV10 ' ,maxd is tm=1.0 ,minnumants=3)

  @endcode

  

  B a s i c a l l y ,  v e r y  s i m i l a r  t o  t h e  g e t P h a s e ( )  a b o v e ,  j u s t  w e  s p e c i f y  a l s o  t h e

  f i e l d  i n s i d e  t h e  t a b l e - s e l e c t i o n .

  

  T h e  g e t P h a s e ( )  m e t h o d  i s  c a l l e d  a s  w e l l  i n s i d e  -  t h e  o n l y  p u r p o s e  i s  t o  g e t

  e a s i l l y  t h e  t i m e - r a n g e  f o r  t h e  B P  s c a n  a n d  r e f i n e  t h e  s e l e c t i o n  o f  t h e

  WVR-gca l  t ab l e  r ows .

  T h e  l a s t  t w o  a r g s  t p  w v r g c a l ( )  ( a d d e d  a f t e r  P M 1 2  i n  m a y  2 0 2 5 )  p r e v e n t s

  w v r g c a l ( )  f r o m  m a k i n g  c a l t a b l e s  i n  a n t e n n a s  t h a t  d o  n o t  h a v e  t h e  W V R  d e v i c e

  ( n a m e l y  7 m  a n t e n n a s )  o r  h a v e  i t  b r o k e n  ( w i t h o u t  t h o s e  s w i t c h e s  w v r g c a l ( )
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  p r o d u c e s  a  ' s p u r i o u s '  t a b l e  f o r  n o n - w o r k i n g  W V R  b y  i n t e r p o l a t i o n  o f  t h e

  ne ighbo rhood  an tennas ) .

  " " "

  
  #  C r e a t e  t h e  t a b l e  t o o l  a n d  u s e  i t  t o  o p e n  t h e  W V R  c a l t a b l e .

  cTab=tbtool()     
  cTab.open('wvr_gcal.W')  
  
  #  C o n s t r u c t  a  q u e r y  s t r i n g :  S e l e c t i o n  b y  a n t e n n a ,  s p w ,  a n d  f i e l d .

  selection="ANTENNA1=="+str(antID)+" && SPECTRAL_WINDOW_ID="+str(spw)
  selection+=" && FIELD_ID==1" #  F i e l d  1  < - - >  B P  c a l i b r a t o r

  
  #  E x t r a c t  t h e  s u b - t a b l e  t h a t  c o r r e s p o n d  t o  t h e  s e l e c t i o n  c r i t e r i a .

  #  W e  n e e d  j u s t  t h e  t i m e  a n d  g a i n  c o l u m n s .

  ctSel=cTab.query(selection,sortlist="TIME",columns="TIME,CPARAM")
  
  #  E x t r a c t  a l l  t h e  c o l u m n  d a t a  f o r  t h e  a b o v e  s e l e c t i o n .

  times_all=ctSel.getcol("TIME")     
  gains_all=ctSel.getcol("CPARAM")    

  #  D a t a  a r e  e x t r a c t e d ,  w e  m a y  c l o s e  t h e  t a b  t o o l .

  cTab.done()
 
  #  T h e  g a i n s  a r r a y  h a s  a  s h a p e  ( 1  x  1  x  n T i m e S a m p l e s ) ,  t h e r e  a r e  n o  s e p a r a t e

  #  p o l a r i z a t i o n  v a l u e s ,  j u s t  I - c o m p o n e n t  o f  S t o k e s .  G e t  r i d  o f  t h e  t w o

  # degenara ted  axes .

  gI_all=gains_all[0][0]             

  #  F I E L D _ I D  i s  n o t  t h e  u l t i m a t e  s e l e c t o r  -  w e  s t i l l  h a v e  t h e  d a t a  f r o m  o t h e r

  #  s c a n s  t h a n  t h e  B P  s c a n .  C a l l  t o  g e t P h a s e ( )  i s  t h e  e a s i e s t  w a y  h o w  t o  g e t  t h e

  #  t i m e s  o f  t h e  B P  s c a n .  A l t e r n a t i v e l l y ,  m s m d t o o l ( )  w i t h  g e t T i m e s F o r S c a n ( )  m a y

  #  be  used .

  gTable=vis+'.ap_pre_bandpass'
  timesBP=getPhase(gTable,antID,spw)["mjd"]

  tScanBeg=np.min(timesBP)
  tScanEnd=np.max(timesBP)

  #  S u b - s e l e c t  j u s t  t h e  B P - s c a n  d a t a .

  #  N o t e :  P y t o m  r e q u i r e s  u s i n g  ' & '  o p e r a t o r  a n d  n o t  ' a n d '  h e r e .

  scanRange=np.where((times_all >= tScanBeg) & (times_all <= tScanEnd))

  times=times_all[scanRange]
  gI=gI_all[scanRange]
  
  #  W e  a r e  i n t e r e s t e d  j u s t  i n  t h e  p h a s e s .

  phase=np.angle(gI)   
  
  #  U s e  n p . u n w r a p  i n  o r d e r  t o  g e t  r i d  o f  t h e  p h a s e  j u m p s  a t  + / -  P I .

  uPhase=np.unwrap(phase)   
  
  #  F o r m  t h e  r e t u r n e d  r e s u l t  a s  a  d i c t i o n a r y .

  #  R e t u r n  t h e  p h a s e s  o f  X X  a n d  Y Y  ( t h e  s a m e  v a l u e )  s e p a r a t e l l y  i n  o r d e r  t o  h a v e

  #  t h e  r e s u l t  c o n f o r m i n g  t o  t h o s e  o f  g e t P h a s e ( )  a n d  d P W V ( )

  pDict={'mjd':times,'phiXX':uPhase,'phiYY':uPhase}
  
  return pDict
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# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def pwvCompare():
  " " "

  * * *  S o  f a r  j u s t  f o r  t h e  s o l a r  M S  p r o j e c t  2 0 2 2 . 1 . 0 0 0 3 1 . C S V ,  B a n d  5 ! ! !  * * *

  C o m p a r e  s y s t e m a t i c a l l y  ( f o r  a l l  a n t e n n a s )  a t m o s p h e r i c  p h a s e  d e l a y s  a s

  p r e d i c t e d  f r o m :

  1 .  O u r  d P W V ( )  p r o x y  ( c a l c u l a t e d  f r o m  s i g n a l  o f  s c i e n c e  S P W s ) ,

  2 .  w v r g c a l ( ) - p r o d u c e d  c a l t a b l e  ( c a l c u l a t e d  f r o m  t h e  h i - c a d e n c e  W V R  d a t a ) .

  W e  c a n  d o  i t  j u s t  f o r  t h e  B P  c a l i b r a t o r ,  s o  n o  f r e e  s o u r c e  p a r a m a t e r  i n  t h i s

  case .  We  a re  us ing  the  channe l - i n teg ra ted  AC w indows  (no t  SQLD)  i n  dPWV( ) .

  

  C r e a t e s  t w o - p a n e l  p l o t  ( l e f t  f o r  X X ,  r i g h t  f o r  Y Y )  f o r  e a c h  a n t e n n a ,

  h a v i n g  o u r  d P W V ( )  p r e d i c t i o n  i n  r e d  a n d  w v r g c a l ( )  c a l c u l a t i o n  i n  b l u e .

  " " "

  
  #  Inpu t  MS.

  vis='uid___A002_X110fd13_X1099e.ms'
  
  #  O u t p u t  d i r e c t o r y ,  w h e r e  t o  s a v e  t h e  p l o t s .  

  pngDir='./PWV_compare_AC/'
  i f (not os.path.exists(pngDir)): os.makedirs(pngDir)

  #  C a l c u l a t e  t h e  d P W V  p r o x y  f o r  t h e  r e f e r e n c e  a n t e n n a  ( D V 1 0  =  i d  3 7 ) .

  print('Calculating the reference antenna.')
  mjd_ref,dpw_refXX,dpw_refYY=dPWV(vis,4,5,37)
 
  # - -  L o o p  o v e r  a l l  a n t e n n a s

  
  #  F i n d  t h e  a n t e n n a  l i s t  ( t h e  I D s  a n d  c o r r e s p o n d i n g  n a m e s )

  msmd.open(vis)
  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()
  msmd.done()
  
  f o r myAnt i n antIDs:
    
    #  R e p o r t  p r o g r e s s .

    print('Processing antenna ',int(myAnt),'<-->',antNames[myAnt])
  
    # Ca lcu la te  our  dPWV proxy  fo r  the  BP-scan=5 us ing  DL-ca ls  f rom a tmScan=4

    time_d,pwvXX,pwvYY=dPWV(vis,4,5,int(myAnt))

    # Subt rac t  the  re fe rence-antenna dPWV

    pwvXX=pwvXX- dpw_refXX
    pwvYY=pwvYY- dpw_refYY
    
    #  Ex t rac t  wv rgca l ( ) - p roduced  phases  f o r  SPW 5 .

    phiWVR=wvrPhase(vis,myAnt,5)

    #  E x t r a c t  t i m e s  f o r  t h e  W - c a l t a b l e .

    time_w=phiWVR['mjd']

    #  Phases  fo r  XX  and  YY  ex t ra .

    phi_w_XX=phiWVR['phiXX']
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    phi_w_YY=phiWVR['phiYY']

    # -  I n i t  p l o t s

    #  S e t  t h e  s i z e s  o f  t h e  p l o t

    plt.rcParams["figure.figsize"] = (10,5)
    #  M a k e  X X  a n d  Y Y  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

    ff,(sp1,sp2)=plt.subplots(1,2)
    #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

    plt.title(antNames[myAnt])
    
    # -   X X :  l e f t  s u b - p l o t    

    #  P l o t  t h e  d P W V ( )  r e s u l t s  s c a l e d  b y  - 2 5 . 0  a s  a  r e d  l i n e .

    sp1.plot(time_d,- 25.0* pwvXX,'-r') 
    #  O v e r p l o t  t h e  w v r g c a l ( )  r e s u l t s  a s  a  b l u e  l i n e .

    sp1.plot(time_w,phi_w_XX,'-b')
    
    # -   Y Y :  r i g h t  s u b - p l o t

    #  P l o t  t h e  d P W V ( )  r e s u l t s  s c a l e d  b y  - 2 5 . 0  a s  a  r e d  l i n e .

    sp2.plot(time_d,- 25.0* pwvYY,'-r') 
    #  O v e r p l o t  t h e  w v r g c a l ( )  r e s u l t s  a s  a  b l u e  l i n e .

    sp2.plot(time_w,phi_w_YY,'-b')

   
    # -  S a v e  t o  a  f i l e  a n d  c l o s e .

    plt.savefig(pngDir+'pwv_compare_'+antNames[myAnt]+'.png')  
    plt.show() 
    plt.close()

  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def phiFixCompare(vis,atmScan,tgtScan,refAnt,spwID,spwRes= -1):
  " " "

  Compare  s tanda rd  WVRgca l ( ) -based  co r rec t i on  o f  *BP-ca l *  phases  w i t h  t ha t  based

  on  ou r  dPWV( )  p roxy .

  The  dPWV( )  can  be  ca l cu la ted  e i t he r  f r om SQLD o r  AC  SPWs,  t he  AC  s t i l l

  h a v i n g  t w o  s u b - o p t i o n s :  C h a n n e l - i n t e g r a t e d  o r  c h a n n e l  r e s o l v e d  S P W .

  I n  t h e  l a t t e r  c a s e ,  d P W V _ s p w P a r t ( )  i s  c a l l e d  i n t e r n a l l y ,  w i t h  i n t e g r a t i o n

  o n l y  o v e r  t h e  l o w e r  h a l f  o f  t h e  S P W  c h a n n e l s .

  W h i c h  d a t a  a r e  u s e d ,  i t  i s  a u t o - d e t e c t e d  f r o m  t h e  * s p w I D *  p a r a m e t e r .

  I n  c a s e  o f  t h e  c h a n n e l - i n t e g r a t e d  d a t a  ( n a m e l y  S Q L D s )  w e  n e e d  t o  s p e c i f y

  t h e  S P W  w i t h  c h a n n e l - r e s o l v e d  d a t a  i n  a d d i t i o n :  T h i s  i s  u s e d  ( 1 )  f o r  t h e

  c a l c u l a t i o n  o f  ( u s u a l l y  s m a l l )  c o r r e c t i o n  f a c t o r  d T s k y / d f  t h a t  i m p l i e s  f r o m

  i n t e g r a t i o n  o v e r  t h e  S P W  b a n d w i d t h  i n  c a s e  t h a t  t a u _ 1  a n d  T s k y  a r e  f u n c t i o n

  o f  f r e q u e n c y ,  ( i i )  f o r  c o m p a r i s o n  w i t h  r a w  a n d  w v r g c a l ( ) - c o r r e s t e d  p h a s e s ;

  t hese  a re  measured  a lways  in  spec - reso lved  SPWs.  The  co r respsond ing  reso lved

  SPW i s  g i ven  by  t he  pa rame te r  * spwRes* .  I f  spw ID  i s  a  SQLD spw ,  t hen

  t h i s  * s p w R e s *  M U S T  b e  s e t  ( w e  h a v e  n o  c h a n c e  t o  d e d u c e  i t ) .  O n  t h e  o t h e r  h a n d ,

  i n  A C - i n t e g r a t e d  d a t a  i t  c a n  b e  i n f e r r e d  a s  s p w I D - 1  a n d  i n  c a s e  o f  A C - r e s o l v e d

  d a t a  i t  i s  j u s t  d i r e c t l y  t h e  * s p w I D * .

  

  F i r s t  p a r t  o f  t h e  j o b  b a s i c a l l y  r e p l i c a t e s  t h e  c o d e  i n  b l i n d P h i F i x ( )  i n  o r d e r
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  t o  s e e  c o m a p r i s o n  b e t w e e n  u c o r r e c t e d  p h a s e  a n d  i t s  i m p r o v e d  c o u n t e r p a r t  f i x e d

  u s i n g  o u r  d P W V ( )  p r o x y  a n d  t h e  t h e o r e t i c a l  f a c t o r  - 2 5 . 0  ( c a l l e d  " M e t h o d  1 "  i n

  b l i n d P h i F o x ( ) )

  T h e  s e c o n d  p a r t  l i e s  i n  t a k i n g  t h e  p - c a l  t a b l e  ( p r e - B a n d p a s s )  w i t h  d a t a

  c o r r e c t e d  a l s o  b y  W V R  c a l i b r a t i o n  ( t h e  ' s t a n d a r d '  p - c a l  t a b l e  f o r  t h e  B P

  c a l i b r a t o r  i s  N O T  c o r r e c t e d  f o r  W V R )  a s  t h e  s o u r c e .  T h e  f o l l o w i n g  s e q u e n c e

  o f  s t e p s  h a s  b e e n  p e r f o r m e d  i n  o r d e r  t o  o b t a i n  t h e  W V R - c o r r e c t e d  p - c a l  t a b l e

  mso+ ' .ap_pre_bandpass -wv rF ix '  i n  CASA she l l :

  @code{sh}

  c l ea r ca l ( ' u i d___A002_X110 fd13_X1099e .ms ' , f i e l d= ' 1 ' )  

  w v r g c a l ( v i s = v i s , c a l t a b l e = ' w v r _ g c a l . W ' ,  s e g s o u r c e = T r u e ,  s o u r c e f l a g = [ ' S u n ' ] ,

  s ta tsource= 'J1256-0547 ' , re fan t= 'DV10 ' ,maxd is tm=1.0 ,minnumants=3)  

  f rom casarec ipes .a lmahe lpers  impor t  t sysspwmap 

  t s y s m a p  =  t s y s s p w m a p ( v i s  =  m s o ,  t s y s t a b l e  =  m s o + ' . t s y s ' ,  t s y s C h a n T o l  =  1 )  

  g a i n c a l ( v i s = m s o , c a l t a b l e = m s o + ' . a p _ p r e _ b a n d p a s s - w v r F i x ' , f i e l d = ' 1 ' , s c a n = ' 5 ' ,

  s o l i n t = ' 1 . 9 2 s ' , r e f a n t = ' D V 1 0 ' , c a l m o d e = ' p ' ,

  g a i n t a b l e = [ m s o + ' . a n t p o s ' , m s o + ' . t s y s ' , ' w v r _ g c a l . W ' ] ,

  g a i n f i e l d = [ ' ' , ' 1 ' , ' 1 ' ] , i n t e r p = [ ' ' , ' l i n e a r , s p l i n e ' , ' n e a r e s t ' ] ,

  s p w m a p = [ [ ] , t s y s m a p , [ ] ] )  

  @endcode

  T h i s  w a y ,  a n t p o s ,  T s y s ,  a n d  W V R  c o r r e c t i o n s  h a s  b e e n  a p p l i e d  o n - t h e - f l y .

  T h i s  m e t h o d  c a n n o t  b e  u s e d  -  e v e n  h y p o t h e t i c a l l y  -  f o r  t h e  s o l a r  s c a n s

  a s  w e  h a v e  n o  w v r g c a l t a b l e  f o r  t h e  S u n  t o  b e  c o m p a r e d  w i t h  t h e  d P W V ( )  p r o x y .  

  " " "

  # - -  W h a t  t y p e  o f  d a t a  w e  a r e  u s i n g  f o r  a n a l y s i s ?  C h e c k  t h e  s p w  d e f i n i t i o n .

  myMsmd=msmdtool()
  myMsmd.open(vis)
  
  freqs=myMsmd.chanfreqs(spwID)* 1.0e-9

  #  E x t r a c t  a l s o  t h e  l i s t  o f  a l l  a n t e n n a s  o n c e  w e  h a v e  t h e  m s m d  t o o l  r e a d y .

  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()

  myMsmd.done()

  nChans=len(freqs)

  #  Co r respond ing  h i gh - f r equency  SPW fo r  sub t rac t i on  o f  t he  d r y  componen t .

  #  T o  b e  s e t  b e l o w  i n  l i n e  w i t h  t h e  s p w I D  t y p e .

  spwHigh= -1
  
  i f (spwID i n [0,1,2,3,13,14,15,16]):
    # SQLD SPW.

    spwType='sqld'
    #  S Q L D s  f o l l o w  c o n s e c u t i v e l l y  i n  l i n e .

    spwHigh=spwID+3
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    #  Mus t  have  co r respond ing  spwRes  de f i ned ,  we  canno t  guess  i t .

    i f (spwRes==-1):
      print('Parameter *spwRes* MUST be defined for SQLD spw.')
      return
    
  else:
    #  A C s  a r e  i n t e r l e a v e d  ( a p p e a r  i n  p a i r s :  r e s o l v e d / i n t e g r a t e d ) .

    spwHigh=spwID+6

    
    i f (nChans>1):
      # Channel-resolved AC SPW

      spwType='ac-res'
      # We are the resolved SPW

      spwRes=spwID
      
    else:
      # Channel- integrated AC SPW

      spwType='ac-int'
      #  An  obv ious  guess  fo r  reso lved  SPW.

      i f (spwRes==-1): spwRes=spwRes=spwID- 1

  #  O u t p u t  f i g u r e s  d i r e c t o r y  -  s e p a r a t e  f o r  e a c h  S P W  t y p e .

  pngDir='./2wvrs_'+spwType+'/'
  i f (not os.path.exists(pngDir)): os.makedirs(pngDir)

  
  # - -  C a l c u l a t e  t h e  d P W V  p r o x y  f o r  t h e  r e f e r e n c e  a n t e n n a .

  print('Calculating the reference antenna.')

  i f (spwType=='ac-res'):
    #  C h a n - r e s o l v e d  S P W :  T r y  t o  i n t e g r a t e  o v e r  ~ h a l f  o f  i t .

    mjd_ref,dpw_refXX,dpw_refYY=dPWV_spwPart(vis,atmScan,tgtScan,refAnt,spwID,
                                             startChan=10,stopChan=nChans/ / 2)
    mjd_ref,dpw_refXX_hi,dpw_refYY_hi=dPWV_spwPart(vis,atmScan,tgtScan,refAnt,
                                                   spwHigh,startChan=10,
                                                   stopChan=nChans/ / 2)

    
  else:
    mjd_ref,dpw_refXX,dpw_refYY=dPWV(vis,atmScan,tgtScan,refAnt,spwID,spwRes)
    mjd_ref,dpw_refXX_hi,dpw_refYY_hi=dPWV(vis,atmScan,tgtScan,refAnt,spwHigh,
                                           spwRes)

  
  # - -  L o o p  o v e r  a l l  a n t e n n a s

  
  f o r myant i n antIDs:
    
    #  R e p o r t  p r o g r e s s .

    print('Calculating antenna ',int(myant),'<-->',antNames[myant])
    
    #  Ca l cu l a te  t he  dPWV p roxy  f o r  t he  an tenna  *myan t * .

    i f (spwType=='ac-res'):
      #  C h a n - r e s o l v e d  S P W :  T r y  t o  i n t e g r a t e  o v e r  ~ h a l f  o f  i t .

      time_dpw,dpwXX,dpwYY=dPWV_spwPart(vis,atmScan,tgtScan,int(myant),spwID,
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                                        startChan=10,stopChan=nChans/ / 2)
      time_dpw,dpwXX_hi,dpwYY_hi=dPWV_spwPart(vis,atmScan,tgtScan,int(myant),
                                              spwHigh,startChan=10,
                                              stopChan=nChans/ / 2)
      
    else:
      time_dpw,dpwXX,dpwYY=dPWV(vis,atmScan,tgtScan,int(myant),spwID,spwRes)
      time_dpw,dpwXX_hi,dpwYY_hi=dPWV(vis,atmScan,tgtScan,int(myant),spwHigh,
                                     spwRes)
    
     
    #  Sub t rac t  t he  dPWV a t  t he  r e fe rence  an tenna .

    ddpwXX=dpwXX- dpw_refXX- dpwXX_hi+dpw_refXX_hi
    ddpwYY=dpwYY- dpw_refYY- dpwYY_hi+dpw_refYY_hi
    

    #  E x t r a c t  t h e  * u n c o r r e c t e d *  p h a s e s  f r o m  t h e  a p - p r e b a n d p a s s  c a l t a b l e .

    gTable=vis+'.ap_pre_bandpass'
    tpDict=getPhase(gTable,myant,spwRes)

    time_ph=tpDict['mjd']
    phx=tpDict['phiXX']
    phy=tpDict['phiYY']

    #  M a k e  d P W V ' s  r e s o l u t i o n  &  r a n g e  c o n f o r m i n g  t o  t h a t  o f  t h e  p h a s e  s o l u t i o n .

    dwx=np.interp(time_ph,time_dpw,ddpwXX)
    dwy=np.interp(time_ph,time_dpw,ddpwYY)

    # - -  B l i n d l y  f i x  t h e  r a w  p h a s e s  a n d  p l o t  t h e  r e s i d u a l s .

    #  S c a t t e r - r a n g e s  f o r  t h e  u n c o r r e c t e d  p h a s e s .  W e  c o m p a r e  l a t e r  w i t h  c o r r e c t e d

    #  a n d  d i s c a r d  t h o s e  t h a t  w o r s e n  t h e  s i t u a t i o n  f r o m  p l o t t i n g

    px0Range=np.max(phx)- np.min(phx)
    py0Range=np.max(phy)- np.min(phy)
    
    # -  B l i n d  c o r r e c t i o n  b y  t h e  f i x e d - v a l u e  s c a l e  f a c t o r  o f  - 2 5 .

    
    bc_pxx=phx+25.0* dwx
    bc_pyy=phy+25.0* dwy

    #  S c a t t e r - r a n g e s  a f t e r  c o r r e c t i o n .

    px1Range=np.max(bc_pxx)- np.min(bc_pxx)
    py1Range=np.max(bc_pyy)- np.min(bc_pyy)

    # - -  Ex t rac t  *WVR-co r rec ted  phases *  f r om the  WVR- f i xed  ap -p re -BP  ca l t ab le .

    gTableWVRfix=vis+'.ap_pre_bandpass-wvrFix'
    tpcDict=getPhase(gTableWVRfix,myant,spwRes)

    time_phc=tpcDict['mjd']
    phx_c=tpcDict['phiXX']
    phy_c=tpcDict['phiYY']

    
    # -  I n i t  p l o t s

    #  S e t  t h e  s i z e s  o f  t h e  p l o t
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    plt.rcParams["figure.figsize"] = (10,5)
    #  M a k e  X X  a n d  Y Y  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

    ff,(sp1,sp2)=plt.subplots(1,2)
    #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

    plt.title(antNames[myant])

    
    # -   X X :  l e f t  s u b - p l o t    

    #  P l o t  t h e  d P W V - f i x  r e s u l t s  a s  a  r e d  l i n e ,  i f  t h e  s c a t t e r  i s  n o t  t o o  b i g .

    sp1.plot(time_ph,bc_pxx,'-r') 
    #  Overp lo t  t he  WVR- f i xed  phases  as  b lue

    sp1.plot(time_phc,phx_c,'-b')
    #  O v e r p l o t  t h e  u n c o r r e c t e d  p h a s e  f o r  c o m p a r i s o n  a s  a  g r e e n  l i n e  ( a l w a y s ) .

    sp1.plot(time_ph,phx,'-g')
    
    # -   Y Y :  r i g h t  s u b - p l o t

    #  P l o t  t h e  m e t h o d  1  r e s u l t s  a s  a  r e d  l i n e ,  i f  t h e  s c a t t e r  i s  n o t  t o o  b i g .

    sp2.plot(time_ph,bc_pyy,'-r') 
    #  Ove rp lo t  t he  WVR- f i xed  phases  i n  b l ue

    sp2.plot(time_phc,phy_c,'-b')
    #  O v e r p l o t  t h e  u n c o r r e c t e d  p h a s e  f o r  c o m p a r i s o n  a s  a  g r e e n  l i n e  ( a l w a y s ) .

    sp2.plot(time_ph,phy,'-g')
  
    # -  S a v e  t o  a  f i l e  a n d  c l o s e .

    plt.savefig(pngDir+'phi_residua_'+antNames[myant]+'.png')  
    plt.show() 
    plt.close()

  return

   
# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def phiFixCompare3(vis,atmScan,tgtScan,refAnt,spwLow,spwRes= -1):
  " " "

  L i k e  p h i F i x C o m p a r e ( ) ,  b u t  w e  u s e  d W d P ( )  -  t h e  m e t h o d  t h a t  t a k e s  i n t o  a c c o u n t

  t h e  d r y - c o m p o n e n t - c a u s e d  p o w e r  f l u c t u a t i o n s  -  f o r  d e t e r m i n i n g  t h e  P W V  

  v a r i a t i o n s  i n s t e a d  o f  d P W V ( )  ( w h i c h  t a k e s  j u s t  a  s i n g l e  S P W  f o r  t h e  p o w e r

  f l u c t u a t i o n s ) .

  S ince  dWdP( )  works  cu r ren t l y  on l y  fo r  chan- in tegared  SPWs,  the  spwLow may

  be  j us t  t he  l owes t  SQLD o r  AC- i n teg ra ted  SPW.

  d W d P ( )  o m i t s  t h e  c o r r e c t i o n  f o r  s l o p e s  o f  < T s k y ( f ) >  a n d  t a u _ 1 ( f )  s o  i t  d o e s

  n o t  n e e d  t h e  s p w R e s .  H o w e v e r ,  w e  s t i l l  n e e d  i t  f o r  t h e  r a w  a n d  w v r g c a l ( ) - f i x e d

  p h a s e s  t o  b e  c o m p a r e d  w i t h  o u r  c o r r e c t i o n s .

  " " "

  # - -  W h a t  t y p e  o f  d a t a  w e  a r e  u s i n g  f o r  a n a l y s i s ?  C h e c k  t h e  s p w  d e f i n i t i o n .

  myMsmd=msmdtool()
  myMsmd.open(vis)
  
  freqs=myMsmd.chanfreqs(spwLow)* 1.0e-9

  #  E x t r a c t  a l s o  t h e  l i s t  o f  a l l  a n t e n n a s  o n c e  w e  h a v e  t h e  m s m d  t o o l  r e a d y .

  antIDs=myMsmd.antennaids()
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  antNames=myMsmd.antennanames()

  myMsmd.done()

  nChans=len(freqs)

  #  Co r respond ing  h i gh - f r equency  SPW fo r  sub t ra t i on  o f  t he  d r y  componen t .

  #  T o  b e  s e t  b e l o w  i n  l i n e  w i t h  t h e  s p w L o w  t y p e .

  spwHigh= -1
  
  i f (spwLow i n [0,1,2,3,13,14,15,16]):
    # SQLD SPW.

    spwType='sqld'
    #  S Q L D s  f o l l o w  c o n s e c u t i v e l l y  i n  l i n e .

    spwHigh=spwLow+3
    
    #  Mus t  have  co r respond ing  spwRes  de f i ned ,  we  canno t  guess  i t .

    i f (spwRes==-1):
      print('Parameter *spwRes* MUST be defined for SQLD spw.')
      return
    
  else:
    #  A C s  a r e  i n t e r l e a v e d  ( a p p e a r  i n  p a i r s :  r e s o l v e d / i n t e g r a t e d ) .

    spwHigh=spwLow+6

    
    i f (nChans>1):
      # Channel-resolved AC SPW

      spwType='ac-res'
      # We are the resolved SPW

      spwRes=spwLow

      print('dWdP() inside this function is not ready yet for resolved SPWs!')
      return
      
    else:
      # Channel- integrated AC SPW

      spwType='ac-int'
      #  An  obv ious  guess  fo r  reso lved  SPW.

      i f (spwRes==-1): spwRes=spwRes=spwLow- 1

  #  O u t p u t  f i g u r e s  d i r e c t o r y  -  s e p a r a t e  f o r  e a c h  S P W  t y p e .

  pngDir='./2wvrs_3_'+spwType+'/'
  i f (not os.path.exists(pngDir)): os.makedirs(pngDir)

  # - -  C rea te  t he  a tmosphe re  mode l  f o r  ou r  SPWs  (Lo /H i ) :

  #    Use  t he  * reso l ved*  swps  co r respond ing  t o  ou r  i n teg ra ted  spwH igh /spwLow

  atmLow=wopacity(vis,spwRes,tgtScan)
  atmHigh=wopacity(vis,spwRes+6,tgtScan)

  #  C o l l e c t  t h e  s u b - m o d e l s  f o r  s p w s  a s  a  m a p .

  atmModel={spwLow:atmLow,spwHigh:atmHigh}
    
  # - -  C a l c u l a t e  t h e  d P W V  p r o x y  f o r  t h e  r e f e r e n c e  a n t e n n a .

  print('Calculating the reference antenna.')
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  mjd_ref,dwXX_ref,dwYY_ref,dpXX_ref,dpYY_ref=dWdP(vis,atmScan,tgtScan,
                                                   atmModel,refAnt,spwLow)

  # - -  L o o p  o v e r  a l l  a n t e n n a s

  
  f o r myant i n antIDs:
    
    #  R e p o r t  p r o g r e s s .

    print('Calculating antenna ',int(myant),'<-->',antNames[myant])
    
    #  C a l c u l a t e  t h e  d W  ( w e t )  a n d  d P  ( d r y )  a t m .  v a r i a t i o n s .

    time_dpw,dwXX,dwYY,dpXX,dpYY=dWdP(vis,atmScan,tgtScan,
                                      atmModel,int(myant),spwLow)

    #  Sub t rac t  t he  dPWV a t  t he  r e fe rence  an tenna .

    ddpwXX=dwXX- dwXX_ref
    ddpwYY=dwYY- dwYY_ref
  
    #  E x t r a c t  t h e  * u n c o r r e c t e d  p h a s e s *  f r o m  t h e  a p - p r e b a n d p a s s  c a l t a b l e .

    gTable=vis+'.ap_pre_bandpass'
    tpDict=getPhase(gTable,myant,spwRes)

    time_ph=tpDict['mjd']
    phx=tpDict['phiXX']
    phy=tpDict['phiYY']

    #  M a k e  d P W V ' s  r e s o l u t i o n  &  r a n g e  c o n f o r m i n g  t o  t h a t  o f  t h e  p h a s e  s o l u t i o n .

    dwx=np.interp(time_ph,time_dpw,ddpwXX)
    dwy=np.interp(time_ph,time_dpw,ddpwYY)

    # - -  B l i n d l y  f i x  t h e  r a w  p h a s e s  a n d  p l o t  t h e  r e s i d u a l s .

    #  S c a t t e r - r a n g e s  f o r  t h e  u n c o r r e c t e d  p h a s e s .  W e  c o m p a r e  l a t e r  w i t h  c o r r e c t e d

    #  a n d  d i s c a r d  t h o s e  t h a t  w o r s e n  t h e  s i t u a t i o n  f r o m  p l o t t i n g

    px0Range=np.max(phx)- np.min(phx)
    py0Range=np.max(phy)- np.min(phy)
    
    # -  B l i n d  c o r r e c t i o n  b y  t h e  f i x e d - v a l u e  s c a l e  f a c t o r  o f  - 2 5 .

    
    bc_pxx=phx+25.0* dwx
    bc_pyy=phy+25.0* dwy

    #  S c a t t e r - r a n g e s  a f t e r  c o r r e c t i o n .

    px1Range=np.max(bc_pxx)- np.min(bc_pxx)
    py1Range=np.max(bc_pyy)- np.min(bc_pyy)

    # - -  Ex t rac t  t he  *WVR-co r rec ted  phases*  f r om WVR- f i xed  ap -p re -BP  ca l t ab le

    gTableWVRfix=vis+'.ap_pre_bandpass-wvrFix'
    tpcDict=getPhase(gTableWVRfix,myant,spwRes)
    
    time_phc=tpcDict['mjd']
    phx_c=tpcDict['phiXX']
    phy_c=tpcDict['phiYY']
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    # -  I n i t  p l o t s

    #  S e t  t h e  s i z e s  o f  t h e  p l o t

    plt.rcParams["figure.figsize"] = (10,5)
    #  M a k e  X X  a n d  Y Y  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

    ff,(sp1,sp2)=plt.subplots(1,2)
    #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

    plt.title(antNames[myant])

    
    # -   X X :  l e f t  s u b - p l o t    

    #  P l o t  t h e  d P W V - f i x  r e s u l t s  a s  a  r e d  l i n e ,  i f  t h e  s c a t t e r  i s  n o t  t o o  b i g .

    sp1.plot(time_ph,bc_pxx,'-r') 
    #  Overp lo t  t he  WVR- f i xed  phases  as  b lue

    sp1.plot(time_phc,phx_c,'-b')
    #  O v e r p l o t  t h e  u n c o r r e c t e d  p h a s e  f o r  c o m p a r i s o n  a s  a  g r e e n  l i n e  ( a l w a y s ) .

    sp1.plot(time_ph,phx,'-g')
    
    # -   Y Y :  r i g h t  s u b - p l o t

    #  P l o t  t h e  m e t h o d  1  r e s u l t s  a s  a  r e d  l i n e ,  i f  t h e  s c a t t e r  i s  n o t  t o o  b i g .

    sp2.plot(time_ph,bc_pyy,'-r') 
    #  Ove rp lo t  t he  WVR- f i xed  phases  i n  b l ue

    sp2.plot(time_phc,phy_c,'-b')
    #  O v e r p l o t  t h e  u n c o r r e c t e d  p h a s e  f o r  c o m p a r i s o n  a s  a  g r e e n  l i n e  ( a l w a y s ) .

    sp2.plot(time_ph,phy,'-g')
  
    # -  S a v e  t o  a  f i l e  a n d  c l o s e .

    plt.savefig(pngDir+'phi_residua_'+antNames[myant]+'.png')  
    plt.show() 
    plt.close()

  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dpwvXwvr_corrs(SQLD=False):
  " " "

  * * * S o  f a r  s p e c i f i c  j u s t  f o r  t h e  s o l a r  p r o j e c t  2 0 2 2 . 1 . 0 0 0 3 1 . C S V ,  B a n d  5  ! ! !  * * *

  

  F i n d  c o r r e l a t i o n  a n d  l i n e a r  t r e n d s  b e t w e e n  o u r  d P W V ( ) - p r o x y  c a l c u l a t e d  p h a s e

  c o r r e c t i o n  a n d  t h a t  f o u n d  b y  t h e  W V R g c a l ( ) .

  V e r y  s i m i l a r  a p p r o a c h  a s  u s e d  i n  d p w v X p h i _ c o r r s ( ) ,  n o w  u s e d  f o r  c o r r e l a t i o n

  a n a l y s i s  b e t w e e n  t w o  p h a s e  c o r r e c t i o n s  c a c l u a t e d  b y  t w o  d i f f e r e n t  m e t h o d s .

 

  T h i s  r o u t i n e  c a n n o t  b e  e v e n  t h e o r e t i c a l l y  u s e d  f o r  t h e  S u n  ( n o  w v r g c a l  t a b l e ) .

  " " "

    
  # - -  ' S t a t i c '  s e t t i n g s .

  
  # Our MS

  vis='uid___A002_X110fd13_X1099e.ms'

  #  B P  c a l i b r a t o r :  T h e  t a r g e t  a n d  A C D - c a l i b r a t i o n  s c a n s .
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  atmScan=4
  tgtScan=5

  #  I n  o r d e r  t o  c r e a t e  t h e  h o m o - l o c a t e d  ( w i t h  t h e  s a m e  s u p p o r t )  t i m e  s e r i e s

  #  w e  u s e  n p . i n t e r p ( )  i n  t h i s  c a s e  -  s e e  b e l o w .  H e n c e ,  n o  r e b i n  f a c t o r s  n o r

  #  d a t a  t r i m m i n g  c o m e s  h e r e ,  j u s t  t h e  s u f f i x  o f  t h e  o u t - p l o t  d i r e c t o r y .  

  i f (useSQLD):

    #  S P W  t y p e  -  p a r t  o f  t h e  o u t p u t - p l o t s  d i r e c t o r y  n a m e .

    spwType='sqld'
   
  else: # ACs

   
    #  S P W  t y p e  -  p a r t  o f  t h e  o u t p u t - p l o t s  d i r e c t o r y  n a m e .

    spwType='ac'
   
   
  #  I n  t h e  M S  c a l i b r a t i o n  s c r i p t ,  D V 1 0  =  i d 3 7  h a s  b e e n  p i c k e d  a s  t h e  r e f e r e n c e .

  refAnt=37
  
  #  C a l c u l a t e  t h e  d P W V  p r o x y  f o r  t h e  r e f e r e n c e  a n t e n n a .

  print('Calculating dPWV for the reference antenna.')
  # - - -  T r y  t h e  p a r t i a l  s p w  i n t e g r a t i o n  o v e r  S P W  5  i n s t e a d  o f  u s i n g  S P W  6  

  #mjd_ref,dpw_refXX,dpw_refYY=dPWV(vis,atmScan,tgtScan,refAnt,useSQLD)

  spwType='spw5'
  mjd_ref,dpw_refXX,dpw_refYY=dPWV_spwPart(vis,atmScan,tgtScan,refAnt,
                                           spwRes=5,startChan=10,stopChan=60)

  #  D i r e c t o r y ,  w h e r e  t o  s a v e  t h e  p l o t s .

  pngDir='/scratch/barta/LB_Solar/Project_2022.1.00031.CSV/'
  pngDir+='Sun_10_a_05_INT/X1099e/2wvrs_'+spwType+'/'
  i f (not os.path.exists(pngDir)): os.makedirs(pngDir)

  #  D i a g n o s t i c  o u t p u t  t o  a  t e x t  f i l e  i n  t h e  s a m e  d i r  a s  t h e  p l o t s .

  diagTxt=open(pngDir+'diag_outs.txt','w')
  

  # - -  L o o p  o v e r  a l l  a n t e n n a s

  
  #  F i n d  t h e  a n t e n n a  l i s t  ( t h e  I D s  a n d  c o r r e s p o n d i n g  n a m e s )

  msmd.open(vis)
  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()
  msmd.done()
  
  f o r myant i n antIDs:
    
    #  R e p o r t  p r o g r e s s .

    print('Calculating antenna ',int(myant),'<-->',antNames[myant])

    #  C a l c u l a t e  t h e  d P W V  p r o x y  f o r  a n t e n n a  a n t .

    # - - -  T r y  t h e  p a r t i a l  S P W 5  i n t e g r a t i o n  i n s t e a d  o f  S P W 6 .

    #mjd_ant,dpw_XX,dpw_YY=dPWV(vis,atmScan,tgtScan,int(myant),useSQLD)

    time_dpwv,dpw_XX,dpw_YY=dPWV_spwPart(vis,atmScan,tgtScan,int(myant),
                                         spwRes=5,startChan=10,stopChan=60)
    
    #  Sub t rac t  t he  dPWV a t  t he  r e fe rence  an tenna .
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    ddpwXX=dpw_XX- dpw_refXX
    ddpwYY=dpw_YY- dpw_refYY
    
    # - -  1 .  d a t a s e r i e s :  R e - c a l c u l a t e  d P W V  t o  p h a s e  c o r r e c t i o n s  b y  t h e  t h e o r e t i c a l

    #                   s c a l e  f a c t o r  o f  - 2 5 .

    
    dPhiXX= -25.0* ddpwXX
    dPhiYY= -25.0* ddpwYY

    # - -  2 .  d a t a s e r i e s :  E x t r a c t  t h e  p h a s e  c o r r e c t i o n s  f r o m  t h e  w v r g c a l ( )  t a b l e .

    #  Ex t rac t  wv rgca l ( ) - p roduced  phases  f o r  SPW 5 .

    phiWVR=wvrPhase(vis,myant,5)

    #  E x t r a c t  t i m e s  f o r  t h e  W - c a l t a b l e .

    time_wvr=phiWVR['mjd']

    #  Phases  fo r  XX  and  YY  ex t ra .

    phi_w_XX=phiWVR['phiXX']
    phi_w_YY=phiWVR['phiYY']

    # - -  I n t e r p o l a t e  t h e  p h a s e s  a s  f r o m  d P W V  t o  t h e  t i m e - p o i n t s  f r o m  W V R .

    phi_p_XX=np.interp(time_wvr,time_dpwv,dPhiXX)
    phi_p_YY=np.interp(time_wvr,time_dpwv,dPhiYY)

    #--  Calcu la te  the cor re la t ions between dPWV-based and WVR-based

    #    p h a s e - c o r r e c t i o n s  w i t h  o p t i m i s e d  r e m o v a l  o f  t h e  t i m e - t r e n d .

    rcXX=paregression(phi_w_XX,phi_p_XX)
    rcYY=paregression(phi_w_YY,phi_p_YY)

    #  E x t r a c t  t h e  o p t i m i z e d  t i m e - t r e n d  c o e f f c i e n t s  ( d P h i = t _ p h i * i )  f o r  p h a s e s .

    ttXX=rcXX['tTrend']
    ttYY=rcYY['tTrend']
    
    #  E x t r a c t  t h e  c o e f f i c i e n t  o f  l i n e a r  c o r r e l a t i o n  b e t w e e n  d P W V  a n d  d P h i .

    KXX=rcXX['K']
    KYY=rcYY['K']
    
    #  E x t r a c t  t h e  o f f s e t  o f  l i n e a r  c o r r e l a t i o n  b e t w e e n  d P W V  a n d  d P h i .

    
    QXX=rcXX['Q']
    QYY=rcYY['Q']
    
    #  E x t r a c t  f i t - q u a l i t y  m e a s u r e  ( X i - s q u a r e )  o f  t h e  l i n e a r  c o r r e l a t i o n .

    Xi2XX=rcXX['Xi2']
    Xi2YY=rcYY['Xi2']
    
    #  P r i n t  t h e  e x t r a c t e d  v a l u e s  f o r  q u i c k  i n s p e c t i o n .

    print('T-trend = ',ttXX,ttYY)
    print('K = ',KXX,KYY)
    print('Q = ',QXX,QYY)
    print('Xi2 = ',Xi2XX,Xi2YY)

    # - -  P r i n t  t h e  r e s u l t s  o n e  m o r e  t o  t h e  t a b l e  i n  t h e  f i l e .

    print(antNames[myant],'\t',ttXX,'\t',ttYY,'\t',KXX,'\t',KYY,'\t',
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          QXX,'\t',QYY,'\t',Xi2XX,'\t',Xi2YY,file=diagTxt)

    
    #-  Make  sca t te r  p lo ts :  dPh i (WVR)  vs .dPh i (PWV)

    phiSize=time_wvr.shape[0]
    
    #  T i m e - i n d e x  v e c t o r ,  s t a r t  w i t h  1 .

    tVec=np.arange(phiSize)+1.0

    # De-trended PWV-based phases.

    pdXX=phi_p_XX- ttXX* tVec
    pdYY=phi_p_YY- ttYY* tVec

    #  M a k e  X X  a n d  Y Y  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

    ff,(sp1,sp2)=plt.subplots(1,2)
  
    #  P l o t  t h e  c o r r e l a t i o n s  a s  r e d  d o t s .

    sp1.plot(phi_w_XX,pdXX,'.r')
    sp2.plot(phi_w_YY,pdYY,'.r')

    #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

    plt.title(antNames[myant])
    
    #  S a v e  t o  a  f i l e  a n d  c l o s e .

    plt.savefig(pngDir+'dwvrDpwv_'+antNames[myant]+'.png')  
    plt.show() 
    plt.close()

    #  - - >  e n d f o r ( o v e r - a l l - a n t e n n a s )

    
  #  C l o s e  t h e  ( s i n g l e )  d i a g n o s t i c  o u t p u t  f i l e .

  diagTxt.close()
  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

#                     7 . 1  P W V  f o r  t h e  S u n  v s .  p h a s e s

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def sol_PhaseFix(antID,spw,pwvMap):
  " " "

  C o m p a r e  t h e  s u g g e s t e d  p h a s e - f i x  b a s e d  o n  t h e  f u l l - P W V  c a l c u l a t i o n s  a s

  p e r f o r m e d  b y  d W d B d G ( ) ,  w i t h  t h e  l i n e a r  i n t e r p o l a t i o n  o f  t h e  p a h s e - i n f  s o l u t i o n

  o b t a i n e d  f r o m  t h e  a d j a c e n t  ( b r a c k e t i n g )  p h a s e - c a l  s c a n s .  W e  w o u l d  l i k e  t o  s e e

  w h e t h e r  t h e  p h a s e - i n f  i n t e r p o l a t e d  s o l u t i o n  h a s  a t  l e a s t  s o m e  s i g n i f i c a n c e  o r

  w h e t h e r  i t  i s  t o t a l l y  ' o u t ' ,  e . g .  t h e  p h a s e  w r a p s  o v e r  2 P I  i n  r e a l i t y .

  R e s u l t s :

  ( 1 )  T h e  t r e n d  i n  P W V - b a s e d  p h a s e s  ( S u n )  r o u g h l y  c o r r e s p o n d s  t o  t h e  l i n e a r

  i n t e r p o l a t e d  p h i - C a l  s o l u t i o n .

  ( 2 )  T h e r e  i s ,  h o w e v e r ,  a n  o f f s e t  t h a t  m a y  b e  e v e n  a s  l a r g e  a s  7 2 0  d e g s  ( i . e .

  2  l a m b d a s  i n  p a t h ) .

  ( 3 )  A  b i t  w o r r y s o m e  i s  t h e  d i f f e r e n c e  b e t w e e n  X X  a n d  Y Y  p o l a r i z a t i o n s  i n

  p h i - C a l  s o l u t i o n .

  ( 4 )  A l b e i t  t h e  t r e n d   i s  c o r r e s p o n d i n g  b e t w e e n  b o t h ,  t h e  P W V - b a s e d  p h a s e s

  e x h i b i t  v a r i a t i o n  o v e r  t h e  s c a n  t h a t  a r e  e a s i l l y  b i g g e r  t h e n  3 6 0  d e g .

  " " "
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  # - -  P h a s e - c a l  I N F  s o l u t i o n  i n t e r p o l a t e d  o v e r  a  s o l a r  s c a n .

  
  #  T h e  p h a s e - i n f  s o l u t i o n s  h a v e  b e e n  o b t a i n e d  f r o m  t h e  m s . s p l i t  M S ,  w h e r e  t h e

  # SPWs has been meanwhi le  renumbered.  Make a map between raw and spl i t  spwIds.

  splitMap={5:0,7:1,9:2,11:3}
  
  #  T h e  * s p w *  p a r a m e t e r  i s  i n  t h e  o r i g i n a l  n o t a t i o n ,  f i n d  i t s  s p l i t  c o u n t e r p a r t .

  spwSplit=splitMap[spw]

  #  E x t r a c t  t h e  p h a s e s  i n  t h e i r  t i m e  d e p e n d e n c e .

  phaseDict=getPhase('uid___A002_X110fd13_X1099e.ms.split.phase_inf',
                     antID,spwSplit)

  #  S k i p  t h e  v e r y  f i r s t  p h a s e - i n f  s o l u t i o n ,  i t  c o m e s  f r o m  t h e  B P - c a l  s c a n .

  phiTime=phaseDict['mjd'][1:]
  phiXX=phaseDict['phiXX'][1:]
  phiYY=phaseDict['phiYY'][1:]

  #--  PWV-based phase delays.

  # Reference-an tennna va lues .

  refAnt=37
  pwvRef=pwvMap[refAnt]['dW']

  #  C u r r e n t  a n t I D

  pwvTime=pwvMap[antID]['time']
  pwvCurr=pwvMap[antID]['dW']

  # PWV-based phase delay.

  #  A p p r o x i m a t e  q u i c k  c a l c u l a t i o n  f o r  L O  f r e q u e n c y .  U s e  t h e  c e n t r a l  f r e q u e n c y

  #  f o r  e a c h  S P W  i n  t h e  n e x t  i m p r o v e d  v e r s i o n ! ! !

  dPhi= -25.0* (pwvCurr- pwvRef)

  # - -  P l o t  c o m p a r i s o n .

  #  S c a l e  t h e  p a h s e s  t o  d e g r e e s .

  r2d=180.0/ math.pi

  plt.plot(pwvTime,r2d* dPhi,'b-')
  
  plt.plot(phiTime,r2d* phiXX,'r-')
  plt.plot(phiTime,r2d* phiYY,'g-')
  
  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def sol_pwv2selfCal(antID,spw):
  ' ' '

  C o m p a r i s o n  o f  P W V - b a s e d  p h a s e  c a l i b r a t i o n  o f  t h e  S u n  w i t h  s e l f - c a l  g a i n t a b l e

  s o l u t i o n .  B e c a u s e  t h e  s e l f - c a l  p h a s e s  a r e  a l r e a d y  a p r i o r i  c o r r e c t e d  b y

  t h e  l i n e a r  t r e n d  ( v i a  a p p l y c a l ( )  o f  p h a s e - c a l  g a i n t a b l e ) ,  w e  p l o t  a l s o  t h e

  p h a s e - c a l  l i n e a r l y - i n t e r p o l a t e d  s o l u t i o n .

  ' ' '

  # - -  1 .  P h a s e - c a l  I N F  s o l u t i o n  i n t e r p o l a t e d  o v e r  a  s o l a r  s c a n .
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  #  T h e  p h a s e - i n f  s o l u t i o n s  h a v e  b e e n  o b t a i n e d  f r o m  t h e  m s . s p l i t  M S ,  w h e r e  t h e

  # SPWs has been meanwhi le  renumbered.  Make a map between raw and spl i t  spwIds.

  splitMap={5:0,7:1,9:2,11:3}
  
  #  T h e  * s p w *  p a r a m e t e r  i s  i n  t h e  o r i g i n a l  n o t a t i o n ,  f i n d  i t s  s p l i t  c o u n t e r p a r t .

  spwSplit=splitMap[spw]

  #  E x t r a c t  t h e  p h a s e s  i n  t h e i r  t i m e  d e p e n d e n c e .

  phaseDict=getPhase('uid___A002_X110fd13_X1099e.ms.split.phase_inf',
                     antID,spwSplit)

  #  S k i p  t h e  v e r y  f i r s t  p h a s e - i n f  s o l u t i o n ,  i t  c o m e s  f r o m  t h e  B P - c a l  s c a n .

  phiTime=phaseDict['mjd'][1:]
  phiXX=phaseDict['phiXX'][1:]
  phiYY=phaseDict['phiYY'][1:]

  # - -  2 .  So la r  phases  by  PWV p roxy .

  #  E x t r a c t  t h e  p h a s e s  i n  t h e i r  t i m e  d e p e n d e n c e .

  phaseDictPWV=getPhase('sol_pwvCalTable.W',antID,spwSplit)

  pwvTime=phaseDictPWV['mjd']
  pwvPhiXX=phaseDictPWV['phiXX']
  pwvPhiYY=phaseDictPWV['phiYY']

  # - -  3 .  S o l a r  p h a s e s  b y  s e l f - c a l i b r a t i o n .

  #  E x t r a c t  t h e  p h a s e s  i n  t h e i r  t i m e  d e p e n d e n c e .

  phaseDictSC=getPhase('sol_selfCal-phase-int',antID,spwSplit)

  scTime=phaseDictSC['mjd']
  scPhiXX=phaseDictSC['phiXX']
  scPhiYY=phaseDictSC['phiYY']

  # - -  P l o t  c o m p a r i s o n .

  #  S c a l e  t h e  p h a s e s  t o  d e g r e e s .

  r2d=180.0/ math.pi

  #  Make  a  d i f f e rence  be tween  se l f ca l  and  PWV-based  so lu t i ons .

  #  W r a p - b a c k  t h e  a r t i f i c i a l  j u m p s  -  t h e y  a r e  f a i l e d  s e l f - c a l  s o l u t i o n s .

  diffXX=r2d* wrapBack(pwvPhiXX- scPhiXX)
  diffYY=r2d* wrapBack(pwvPhiYY- scPhiYY)
  
  plt.plot(pwvTime,diffXX,'r-')
  plt.plot(pwvTime,diffYY,'b-')
  
  plt.plot(phiTime,r2d* phiXX,'r-')
  plt.plot(phiTime,r2d* phiYY,'b-')
  
  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def sol_pwvGcal(pwvMap,vis,refAnt,pwvCalTableName='sol_pwvCalTable.W'):
  " " "

  C r e a t e  t h e  p h a s e  c a l i b r a t i o n  t a b l e  f o r  t h e  S u n  i n  t h e  s a m e  s t y l e  a s

  w v r g c a l ( )  m a k e s  i t  f o r  n o n - s o l a r  o b j e c t s .
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  We  use  t he  f u l l -PWV t ime  se r i es  pe r  an tenna  as  f ound  by  dWdBdG( )  r ou t i ne

  a n d  s t o r e d  i n  * p w v M a p * .

  @ t o d o :  G e n e r a l i z e  f o r  t h e  c a s e  w e  h a v e  m u l t i p l e  s o l a r  s c a n s .

  " " "

  #  T h i s  i s  t o  b e  g e n e r a l i z e d .  I n  c a s e  o f  m u l t i p l e  s o a r  s c a n s ,  a l s o  t h e  * p w v M a p *

  #  p a r a m e t e r  s h a l l  h a v e  a  b i t  d i f f e r e n t  s t r u c t u r e  ( a d d i t i o n a l  s c a n  d i m e n s i o n ) .  

  solScan=9
  
  # - -  P r e p a r e  t h e  e m p t y  p w v C a l T a b l e  w i t h  t h e  s t r u c t u r e  o f  p h a s e  g a i n t a b l e .

  #  R e m o v e  t h e  o l d  v e r s i o n  f i r s t .

  os.system('rm -rf ' + pwvCalTableName)
  
  #  C o p y  t h e  s t r u c t u r e  o f  t h e  p h a s e - i n f  g a i n t a b l e  a s  a n  e m p t y  ' t e m p l a t e ' .

  gCalTable=tbtool()
  gCalTable.open(vis+'.split.phase_inf')
  pwvCalTable=gCalTable.copy(pwvCalTableName,deep=True,norows=True)
  pwvCalTable.flush()

  #  C l o s e  b o t h  ( o r i g i n a l  &  c o p p i e d  t e m p l a t e )  t a b l e s .

  pwvCalTable.done()
  gCalTable.done()

  #--  F ind the per-SPW Phase Factors PF=dPhi( f_spw)/dPWV from ATM model .

  myAtm=attool()
  setAtmTool4SPWs(myAtm,vis,solScan,wvHeightScale=1.5,tempDropPerKm= -5.6)

  #  S e t  a p p r o x i m a t e  P W V ,  t h e  p a t h  l e n g t h  s h o u l d  n o t  a c t u a l l y  d e p e n d  o n  t h a t .

  pwvMean=aU.getMedianPWV(vis)[0]
  myAtm.setUserWH2O(qa.quantity(pwvMean,'mm'))

  # Phase delays per 1mm PWV [rad/mm] for each SPW.

  nSpws=myAtm.getNumSpectralWindows()
  PF=np.zeros(nSpws)
  
  f o r spw i n range(nSpws):
    #  C e n t r a l  c h a n n e l .

    cChan=myAtm.getNumChan(spw)/ / 2

    #  D i s p e r s i v e  a n d  n o n - d i s p e r s i v e  d e l a y s  f o r  c e n t r a l  c h a n n e l .

    dd=myAtm.getDispersivePhaseDelay(cChan,spw)['value'][0]
    nd=myAtm.getNonDispersivePhaseDelay(cChan,spw)['value'][0]
    
    #  S e t  t o t a l  d e l a y  p e r  1 m m  P W V  a s  t h e  P F  f a c t o r  f o r  t h e  c u r r e n t  S P W .

    #  I t  i s  a  * d e l a y * ,  s o  a d d  t h e  m i n u s .  E x p r e s s  i n  r a d i a n s / m m .  

    PF[spw]= -math.pi* (nd+dd)/ (pwvMean* 180.0)
    
  # - ->  end fo r ( spws )

  myAtm.done()
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  # - -  F i l l  t h e  p w v C a l T a b l e  w i t h  c o n t e n t s .

  
  #  R e - o p e n  t h e  c a l T a b l e  i n  t h e  r w  m o d e .

  pwvCalTable.open(pwvCalTableName,nomodify=False)
  #  S e t  t h e  o r i g i n a l  t a b l e - w r i t e  o f f s e t  ( s t a r t - r o w  f o r  w r i t e )  t o  z e r o .

  tabOffset=0

  #  P W V ( t )  f o r  t h e  r e f e r e n c e  a n t e n n a  -  t o  b e  s u b t r a t c e d .

  pwvRef=pwvMap[refAnt]['dW']

  # - -  L o o p  o v e r  a l l  a n t e n n a s .

  
  f o r antID i n pwvMap.keys():

    time=pwvMap[antID]['time']
    pwv=pwvMap[antID]['dW']

    nSamples=len(time)

    # -  C r e a t e  ' s t a t i c '  c o l u m n s .  S o m e  ( e . g . ,  i n t e r v a l ,  o b s e r v a t i o n _ i d ,  e t c . )  a r e

    #   l e f t  i n  t h e i r  d e f u l t  v a l u e s  o f  z e r o .

    #  T h e  ' s c a l a r  c o l u m n s '  a r e  e a s y  -  j u s t  n S a m p l e s - s i z e d  a r r a y s .

    field_id=np.zeros(nSamples,dtype=int) #  T h e  S u n  i s  f i e l d  0 .  G e n e r a l i z e ! ! !

    antenna_1=int(antID)* np.ones(nSamples,dtype=int)
    antenna_2=int(refAnt)* np.ones(nSamples,dtype=int)
    scan_num=solScan* np.ones(nSamples,dtype=int)

    #  Fo r  t he  ' vec to r  co lumns '  we  have  to  keep  shape  nPo l  x  nChans  x  nSamp les .

    paramErr=np.zeros((1,1,nSamples))
    flag=np.zeros((1,1,nSamples),dtype=int)
    snr=5.0* np.ones((1,1,nSamples)) #  S N R  b e t t e r  t h a n  3 . 0  i s  f i n e .

    #  D i f f e r e n t i a l  P W V  b e t w e e n  t h e  c u r r e n t  a n d  r e f e r e n c e  a n t e n n a .

    pwvDiff=pwv- pwvRef

    # -  L o o p  o v e r  S P W s .  W e  a r e  w o r k i n g  w i t h  s p l i t  M S ,  s o  t h e  s c i  s p w s  a r e  0  -  3 .

    f o r spw i n range(4):

      #- Columns that depend on SPW

      # SPW

      c_spw=spw* np.ones(nSamples,dtype=int)
      
      # Complex  ga ins  ( jus t  the  phase)  -  the  CPARAM co lumn.  

      cGain=np.exp(1j* PF[spw]* pwvDiff)
      #  I t  i s  a  v e c t o r  c o l u m n :  R e s h a p e  i t  t o  n P o l s  x  n C h a n s  x  n S a m p l e s .

      cParam=np.reshape(cGain,(1,1,nSamples))
      
      # -  W r i t e  a l l  t h e  s u b - c o l u m n s  t o  t h e  c a l T a b l e ,  s t a r t i n g  a t  t a b O f f s e t .

      #  M a k e  s p a c e  f o r  w r i t i n g  t h e  c o l u m n s .

      pwvCalTable.addrows(nSamples)

      # Append the co lumns.

      pwvCalTable.putcol('TIME',time,startrow=tabOffset)
      pwvCalTable.putcol('FIELD_ID',field_id,startrow=tabOffset)
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      pwvCalTable.putcol('SPECTRAL_WINDOW_ID',c_spw,startrow=tabOffset)
      pwvCalTable.putcol('ANTENNA1',antenna_1,startrow=tabOffset)
      pwvCalTable.putcol('ANTENNA2',antenna_2,startrow=tabOffset)
      # INTERVAL de fau l t s  to  zeros

      pwvCalTable.putcol('SCAN_NUMBER',scan_num,startrow=tabOffset)
      # OBSERVATION_ID defal ts to zero.

      pwvCalTable.putcol('CPARAM',cParam,startrow=tabOffset)
      pwvCalTable.putcol('PARAMERR',paramErr,startrow=tabOffset)
      pwvCalTable.putcol('FLAG',flag,startrow=tabOffset)
      pwvCalTable.putcol('SNR',snr,startrow=tabOffset)
      #  WEIGHT de fau l t s  to  an  empty  a r ray .

      #  U p d a t e  t h e  w r i t e  o f f s e t .

      tabOffset+=nSamples
    # - ->  end fo r ( spws )

    print("Finished antenna ",antID)
    
  # - ->  end fo r (an tennas )

  # Sync to SDD/HDD.

  pwvCalTable.flush()

  #  C l o s e  t h e  t o o l .

  pwvCalTable.done()

  
  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

#                     7 . 2  D i r e c t  W V R  t e m p e r a t u r e s  v s .  d P W V

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def sol_offPos(vis,tgtScan,refAnt):
  " " "

  T r y i n g  t o  f i n d  t h e  m i n i m u m  o f f - s o u r c e  s e p a r a t i o n  f r o m  t h e  S u n  s o  t h a t

  W V R s  a r e  n o t  a f f e c t e d  b y  d i r e c t  s o l a r  i l l u m i n a t i o n .

  

  W e  c a l c u l a t e ,  h o w  f a r  f r o m  t h e  S u n  ( t h e  d i s c  c e n t e r )  w e  a r e  w h e n  p o i n t i n g

  O F F _ S O U R C E  d u r i n g  t h e  s o l a r  s c a n .  T h i s  i s  t h e  p o s i t i o n  t a k e n  a t  t h e  f i r s t  a n d

  l a s t  s u b s c a n  o f  t h e  s o l a r  s c a n  a n d  i t s  p u r p o s e  i s  t o  t h e  b a s i c a l l y  s k y / a t m

  m e a s u r e m e n t ,  b u t  n o w  w i t h  t h e  a t t e n u a t o r  s e t t i n g s  u s e d  f o r  t h e  s o l a r  o n - s o u r c e

  o b s e r v a t i o n  -  s e e  t h e   G - s t a r  c a l c u l a t i o n  i n   a c d _ c a l T a b s ( )

  I t  s e e m s  t h a t  t h e  p s o i t i o n  o f  t h e  f i r t s  s u b - s c a n  i s  i d e n t i c a l  w i t h  t h o s e

  t a k e n  i n  t h e  p r e c e d i n g  A T M  s c a n .

  " " "

  # - - -  F i n d  t h e  t i m e - r a n g e s  f o r  t h e  o f f - s o u r c e  s u b s c a n s .

  #  A t t a c h  t h e  m s m d  t o o l  t o  o u r  M S .

  myMsmd=msmdtool()
  myMsmd.open(vis)
  
  #  E x t r a c t  s u b - s c a n  i n f o r m a t i o n  f o r  t h e  s o l a r  s c a n .

  sunSub_info=aU.computeDurationOfScan(tgtScan,mymsmd=myMsmd,
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                                       returnSubscanTimes=True)
  
  #  T h e  o f f - s o u r c e  ( i . e . ,  h i - a t t e n u a t e d  s k y / a t m )  s u b - s c a n s  a r e  t h e  f i r s t

  #  a n d  t h e  l a s t .  S o ,  w e  n e e d  t o  f i n d  t h e  n u m b e r  o f  s u b - s c a n s .  I t  i s  t h e  2 n d

  #  i t e m  o f  t h e  i n f o  -  s e e  c o m p u t e D u r a t i o n O f S c a n ( )  i n  s u n _ r e d u c t i o n _ u t i l . p y .

  nSubScans=sunSub_info[1]
  
  #  T h e  o f f - s o u r c e  s c a n s .  N o t e :  K e y s  i n  s u b I n f o  s t a r t  w i t h  1 .

  offSubScan1=1
  offSubScan2=nSubScans
  
  #  E x t r a c t  t h e i r  t i m e - r a n g e s  -  w e  s e l e c t  t h e  d a t a  l a t e r  b y  t h e m .

  tRange1=sunSub_info[2][offSubScan1] #  T i m e - r a n g e  f o r  t h e  l e a d i n g  s u b s c a n .

  tRange2=sunSub_info[2][offSubScan2] #  T i m e - r a n g e  f o r  t h e  t r a i l i n g  s u b s c a n .

  #  T i m e  e x t r a c t e d ,  c l o s e  t h e  m s m d  t o o l .

  myMsmd.done();

  #  T a k e  t h e  t i m e  i n  t h e  m i d d l e  o f  t h e  s u b s c a n s  a s  r e p r e s e n t a t i v e  m o m e n t .

  t1Rep=0.5* (tRange1[0]+tRange1[1])
  t2Rep=0.5* (tRange2[0]+tRange2[1])

  #  M a k e  t h e  r e p r e s e n t a t i v e  t i m e s  a s  a  1 - d ,  t w o - e l e m e n t  a r r a y .

  off_times=np.array([t1Rep,t2Rep])
  

  # - - -  F i n d  ( r e f e r e n c e )  a n t e n n a  p o i n t i n g s  f o r  t h o s e  t i m e - r a n g e s .

  
  #  O p e n  t h e  p o i n t i n g  t a b l e

  pTable=tbtool()
  pTable.open(vis+'/POINTING')

  #  Se lec t  by  an tenna

  selection="ANTENNA_ID=="+str(refAnt)

  ptSel=pTable.query(selection,sortlist="TIME",columns="TIME,DIRECTION")

  #  E x t r a c t  t h e  c o l u m n  d a t a :  T i m e  a n d  p o i n t i n g  d i r e c t i o n  a s  A z / E l

  times=ptSel.getcol("TIME")     
  pDir=ptSel.getcol("DIRECTION")    

  #  D a t a  e x t r a c t e d ,  c a n  c l o s e  t h e  t a b l e  t o o l .

  pTable.done()

  #  D e c o m p o s e  p D i r  t o  A z  a n d  E l  -  w e  n e e d  1 - D  a r r a y  f o r  s u b s e q u e n t  n p . i n t e r p ( )

  az=pDir[0][0]
  el=pDir[1][0]
  
  #  N o w  w e  c a n  i n t e r p p o l a t e  t o  t h e  o f f - s o u r c e  t i m e s

  az_off=np.interp(off_times, times, az)
  el_off=np.interp(off_times, times, el)

  # - - -  F i n d  A z / E l  o f  t h e  s o l a r  d i s c  c e n t e r  a t  t h e  s a m e  O F F  t i m e s .

  az_sc0,el_sc0=aU.ComputeSolarAzEl(mjdsec=t1Rep)



2.10.2026 sol_wvgcal.py 208

file:///home/barta/ALMAsol/sol_wvgcal.py

  az_sc1,el_sc1=aU.ComputeSolarAzEl(mjdsec=t2Rep)

  " " "

  - - -  T h i s  i s  a n  a l t e r n a t i v e  a p p r o a c h  i f  t h e  a b o v e  i s  t o o  i n a c c u r a t e  - - -

  

  #  MJD secs to  MJD

  s m j d = q a . c o n v e r t ( q a . q u a n t i t y ( t 1 R e p , ' s ' ) , ' d ' )

  #  T h i s  * d o e s *  u s e  t h e  J P L  H o r i z o n  s e r v e r  q u e r y .

  s u n D i c t = a U . p l a n e t ( b o d y = ' s u n ' , m j d = s m j d [ ' v a l u e ' ] )

  + c o n v e r t  s o l a r  R a / D e c  t o  A z / E l  u s i n g  t h e  s a m e  a p p r o a c h  a s  i n

  a U . C o m p u t e S o l a r A z E l L a t L o n g ( ) ,  j u s t  s u b m i t t i n g  o u r  s o l a r  R a / D e c  i n s t e a d  o f  t h a t

  found by aU.ComputeSolarRADec(mjdsec) ,  which does NOT query JPL Hor izon server

  " " "

  #  M a k e  i t  a  2 - e l e m e n t  v e c t o r  t o  c o n f o r m  t h e  a z / e l  f o r  o f f  p o s i t i o n s .

  #  R e - s c a l e  t o  r a d i o a n s .

  az_sc=np.array([az_sc0,az_sc1])* math.pi/ 180.0
  el_sc=np.array([el_sc0,el_sc1])* math.pi/ 180.0

  #  C a l c u l a t e  r e - u s a b l e  r a d i a n s - t o - d e g s  c o n v e r s i o n  f a c t o r .

  RAD2DEG=180.0/ math.pi

  print('OFF position:',az_off* RAD2DEG,el_off* RAD2DEG)
  print('SOL position:',az_sc* RAD2DEG,el_sc* RAD2DEG)
  
    
  # - - -  C a l c u l a t e  t h e  a n g u l a r  s e p a r a t i o n

  #  U n i t  d i r e c t i o n  v e c t o r  t o  t h e  s o l a r  c e n t e r  a t  b e g i n n i n g  a n d  t h e  e n d .

  dirSc1=np.array([math.cos(el_sc[0])* math.cos(az_sc[0]),
                   math.cos(el_sc[0])* math.sin(az_sc[0]),
                   math.sin(el_sc[0])])

  dirSc2=np.array([math.cos(el_sc[1])* math.cos(az_sc[1]),
                   math.cos(el_sc[1])* math.sin(az_sc[1]),
                   math.sin(el_sc[1])])

  #  U n i t  d i r e c t i o n  v e c t o r  t o  t h e  O F F _ S O U R C E  p o s i t i o n  a t  b e g i n n i n g  a n d  t h e  e n d .

  dirOff1=np.array([math.cos(el_off[0])* math.cos(az_off[0]),
                    math.cos(el_off[0])* math.sin(az_off[0]),
                    math.sin(el_off[0])])
  

  dirOff2=np.array([math.cos(el_off[1])* math.cos(az_off[1]),
                    math.cos(el_off[1])* math.sin(az_off[1]),
                    math.sin(el_off[1])])

  #  T h e  d o t  p r o d u c t  o f  t h e  u n i t  d i r e c t i o n  v e c t o r s  i s  d i r e c l t y  c o s ( d e l t a )

  dRad0=math.acos(np.dot(dirSc1,dirOff1))
  dRad1=math.acos(np.dot(dirSc2,dirOff2))
  
  #  s h o w  t h e  r e s u l t  i n  d e g s .

  print('Offset beg: ',dRad0* RAD2DEG)
  print('Offset end: ',dRad1* RAD2DEG)
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  #  R e t u r n  i t  i n  r a d i a n s .

  return (dRad0,dRad1)

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def solTgtPos(vis,tgtScan,refAnt):
  " " "

  S i m i l a r  t o  s o l _ o f f P o s ( ) ,  b u t  n o w  w e  p r o d u c e  a  g r a p h i c  o u t p u t  o f  t h e  a c t u a l  

  t a r g e t - p o i n t i n g  r e l a t i v e  t o  t h e  s o l a r  d i s c  c e n t e r  ( i . e . ,  a n g u l a r  s e p a r a t i o n

  o f  t h o s e  t w o )  a s  a  f u n c t i o n  o f  t i m e  o v e r  e n t i r e  * t g t S c a n *  f o r  a  ' r e f e r e n c e '

  a n t e n n a  ( t h e  r e s u l t  s h o u l d  b e  t h e  s a m e  f o r  a l l )  * r e f A n t * .

  " " "

  # - - -  F i n d  t h e  t i m e - r a n g e s  f o r  t h e  e n t i r e  t g t S c a n

  #  A t t a c h  t h e  m s m d  t o o l  t o  o u r  M S .

  myMsmd=msmdtool()
  myMsmd.open(vis)
  
  #  E x t r a c t  s u b - s c a n  i n f o r m a t i o n  f o r  t h e  s o l a r  s c a n .

  sunSub_info=aU.computeDurationOfScan(tgtScan,mymsmd=myMsmd,
                                       returnSubscanTimes=True)
  
  #  T h e  o f f - s o u r c e  ( i . e . ,  h i - a t t e n u a t e d  s k y / a t m )  s u b - s c a n s  a r e  t h e  f i r s t

  #  a n d  t h e  l a s t .  S o ,  w e  n e e d  t o  f i n d  t h e  n u m b e r  o f  s u b - s c a n s .  I t  i s  t h e  2 n d

  #  i t e m  o f  t h e  i n f o  -  s e e  c o m p u t e D u r a t i o n O f S c a n ( )  i n  s u n _ r e d u c t i o n _ u t i l . p y .

  nSubScans=sunSub_info[1]
  
  
  #  E x t r a c t  t h e i r  t i m e - r a n g e s  -  w e  s e l e c t  t h e  d a t a  l a t e r  b y  t h e m .

  tRangeFirst=sunSub_info[2][1] #  T i m e - r a n g e  f o r  t h e  l e a d i n g  s u b s c a n .

  tRangeLast=sunSub_info[2][nSubScans] #  T i m e - r a n g e  f o r  t h e  t r a i l i n g  s u b s c a n .

  #  S u b s c a n  t i m e - r a n g e s  e x t r a c t e d ,  c l o s e  t h e  m s m d  t o o l .

  myMsmd.done();

  #  T h e  e n t i r e  s c a n  r a n g e s  f r o m  b e g i n n i n g  o f  t h e  1 s t  s u b s c a n  t o  t h e  e n d  o f

  #  t h e  l a s t  o n e .  

  
  tScanBeg=tRangeFirst[0]
  tScanEnd=tRangeLast[1]

  
  # - - -  F i n d  ( r e f e r e n c e )  a n t e n n a  p o i n t i n g s  f o r  t h e  f u l l - s c a n  t i m e - r a n g e .

  
  #  O p e n  t h e  p o i n t i n g  t a b l e

  pTable=tbtool()
  pTable.open(vis+'/POINTING')

  #  Se lec t  by  an tenna

  selection="ANTENNA_ID=="+str(refAnt)

  ptSel=pTable.query(selection,sortlist="TIME",columns="TIME,DIRECTION")

  #  E x t r a c t  t h e  c o l u m n  d a t a :  T i m e  a n d  p o i n t i n g  d i r e c t i o n  a s  A z / E l

  times=ptSel.getcol("TIME")     
  pDirs=ptSel.getcol("DIRECTION")    
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  #  D a t a  e x t r a c t e d ,  c a n  c l o s e  t h e  t a b l e  t o o l .

  pTable.done()

  # Decompose pDi r  to  Az  and E l

  az=pDirs[0][0]
  el=pDirs[1][0]

  #  N o w ,  s e l e c t  t h e  t i m e - r a n g e  f o r  t h e  s c a n  o n l y .

  #  N o t e  t h a t  ' & '  i s  n e c e s s a r y  i n  t h e  c o n d i t i o n ,  ' a n d '  o p e r a t o r  d o e s  n o t  w o r k !

  scanIdxRange=np.where((times >= tScanBeg) & (times <=tScanEnd))

  tScan=times[scanIdxRange]
  azTgt=az[scanIdxRange]
  elTgt=el[scanIdxRange]

 
  # - - -  F i n d  A z / E l  o f  t h e  s o l a r  d i s c  c e n t e r  a t  t h e  s a m e  O F F  t i m e s .

  #  W e  d o  i t  m o r e  e x a c t  w a y  t h a n  i n  s o l _ o f f P o s ( ) .  I t  h a s  b e e n  f o u n d  t h a t

  #  a U . C o m p u t e S o l a r A z E l ( m j d s e c = m j d s )  l o o s e s  p r e c i s i o n  w i t h  t i m e  i f  t h e  a n a l y s i s

  #  u t i l s  a r e  n o t  u p d a t e d .  S o ,  h e r e ,  w e  q u e r y  t h e  J P L  s e r v e r  f o r  R a D e c  a t  t h e

  #  b e g i n n i n g  a n d  t h e  e n d  o f  t h e  s c a n  a n d  d o  l i n e a r  i n t e r p o l a t i o n  i n  R a D e c .

  #  F i n a l l y ,  w e  c o n v e r t  t o  A z E l  f o r  A L M A  l o c a t i o n .

  #-  Scan  beg inn ing

  # MJD secs to MJD

  smjd1=qa.convert(qa.quantity(tScanBeg,'s'),'d')
  #  T h i s  * d o e s *  u s e  t h e  J P L  H o r i z o n  s e r v e r  q u e r y .

  sunDict=aU.planet(body='sun',mjd=smjd1['value'],apparent=True)
  RaDecRads1=sunDict['directionRadians']

  Ra1=RaDecRads1[0]
  Dec1=RaDecRads1[1]

  #-  Scan end

  # MJD secs to MJD

  smjd2=qa.convert(qa.quantity(tScanEnd,'s'),'d')
  #  T h i s  * d o e s *  u s e  t h e  J P L  H o r i z o n  s e r v e r  q u e r y .  ' A p p a r e n t '  i s  e s s e n t i a l  h e r e ,

  #  o t h e r w i s e  w e  a r e  s h i f t e d  i n  A z E l  ~ 1 0  a r c m i n  w . r . t .  t h e  a n t e n n a  p o i n t i n g s .

  sunDict=aU.planet(body='sun',mjd=smjd2['value'],apparent=True)
  RaDecRads2=sunDict['directionRadians']

  Ra2=RaDecRads2[0]
  Dec2=RaDecRads2[1]

  # -  I n te rpo la te  RaDecs

  RaSol=np.interp(tScan,[tScanBeg,tScanEnd],[Ra1,Ra2])
  DecSol=np.interp(tScan,[tScanBeg,tScanEnd],[Dec1,Dec2])

 
  # -  R e - c a l c u l a t e  t o  A z E l  f o r  A L M A  l o c a t i o n .  T h i s  p a r t  h a s  b e e n  c o p i e d  f r o m

  #  aU.ComputeSolarAzElLatLong()  aU.getObservatoryLatLong()  

  #  Conve rs ion  cons tan ts .

  DEG_TO_RAD = math.pi/ 180.
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  RAD_TO_DEG = 180/ math.pi
  HRS_TO_RAD = math.pi/ 12.
  RAD_TO_HRS = 1.0/ HRS_TO_RAD

  #  ALMA loca t ion .

  [latitude,longitude,obs] = aU.getObservatoryLatLong(observatory='ALMA') 

  # Use our JPL-based RaDecs instead of  the aU.ComputeSolarRADec(mjdsec)

  #  Sca le  them to  hou rs /degs

  [RA,Dec] =[RAD_TO_HRS* RaSol,RAD_TO_DEG* DecSol]

  #  W e  n e e d  L o c a l  s i d e r e a l  t i m e  ( L S T ) .  I t  c a n n o t  b e  c o m p u t e d  a s  a n  a r r a y

  #  ( t he re  a re  some  cond i t i ons / compa r i sons  i n  aU .Compu teLST( ) ) ,  so  we  do  i t

  #  a g a i n  a t  t h e  b e g i n n i n g  a n d  a t  t h e  e n d  o f  t h e  s c a n  a n d  i n t e r p o l a t e .

  
  LST1 = aU.ComputeLST(tScanBeg,longitude)
  LST2 = aU.ComputeLST(tScanEnd,longitude)
  LST=np.interp(tScan,[tScanBeg,tScanEnd],[LST1,LST2])
  
   
  phi = latitude* DEG_TO_RAD
  hourAngle = HRS_TO_RAD* (LST -  RA)

  #  P y t h o n  a p p a r e n t l y  c a n n o t  c a l c u l a t e  t r i g o n o m e t r i c  f u n c t i o n s  f o r  n p . a r r a y s

  #  a t  o n c e ,  s o  w e  m u s t  c o n t i n u e  i n  a  l o o p  : - (

  #  T h i s  i s  f o r  a n g u l a r  s e p a r a t i o n s  b e t w e e n  p o i n t i n g  a n d  s o l a r  A z E l

  angSeps=np.zeros(tScan.shape[0])

  #  L o o p  o v e r  t i m e s  i n  t h e  s c a n .

  ti=0
  f o r t i n tScan:
    
    azSun = math.atan2(math.sin(hourAngle[ti]),
                       (math.cos(hourAngle[ti])* math.sin(phi)
                        -  math.tan(Dec[ti]* DEG_TO_RAD)* math.cos(phi)))+math.pi
    
    arg=(math.sin(phi)* math.sin(Dec[ti]* DEG_TO_RAD)
         +math.cos(phi)* math.cos(Dec[ti]* DEG_TO_RAD)* math.cos(hourAngle[ti]))

    elSun = math.asin(arg);

 
    # - - -  C a l c u l a t e  t h e  a n g u l a r  s e p a r a t i o n

    #  U n i t  d i r e c t i o n  v e c t o r  t o  t h e  s o l a r  c e n t e r

    dirSun=np.array([math.cos(elSun)* math.cos(azSun),
                     math.cos(elSun)* math.sin(azSun),
                     math.sin(elSun)])

    #  U n i t  d i r e c t i o n  v e c t o r  t o  t h e  t a r g e t

    dirTgt=np.array([math.cos(elTgt[ti])* math.cos(azTgt[ti]),
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                     math.cos(elTgt[ti])* math.sin(azTgt[ti]),
                     math.sin(elTgt[ti])])

    #  T h e  d o t  p r o d u c t  o f  t h e  u n i t  d i r e c t i o n  v e c t o r s  i s  d i r e c t l y  c o s ( d e l t a ) .

    #  S h o w  i t  i n  a r c m i n s .

    angSeps[ti]=180.0* 60.0/ math.pi* math.acos(np.dot(dirSun,dirTgt))

    ti+=1
  # - - > e n d f o r ( a l l  p o i n t i n g  t i m e s  i n  t h e  t g t S c a n )  

  
  plt.plot(tScan,angSeps)
  

  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def wvr_dataRaw(vis,tgtScan,antID,subScans=''):
  " " "

  Ex t r ac t  t he  r aw  WVR da ta  f r om  SPW 4  f o r  t he  an tenna  *an t ID *

  T h e  * s u b S c a n s *  p a r a m e t e r  c a n  b e  e i t h e r  a n  e m p t y  s t r i n g  ( t h e  d e f a u l t ) ,  o r

  h a v e  o n e  o f  t h e   " o n "  o r  " o f f "  v a l u e s .  I f  e m p t y ,  e n t i r e  s c a n  i s  u s e d ,

  o t h e r w i s e ,  j u s t  o n - s o u r c e  o r  o f f - s o u r c e  s u b s c a n s  a r e  i n v o l v e d ,  r e s p e c t i v e l l y .

  T h e  f o u r  W V R  c h a n n e l s  ( t e m p e r a t u r e s )  a r e  e x t r a c t e d  a s  a  f u n c t i o n  o f  t i m e .

  R e t u r n  v a l u e :  A  t u p p l e  o f  t w o  n d a r r a y s  -  t i m e  ( 1 d )  a s  M J D s e c s  o f  d i m e n s i o n

  nTimeSamples,  WVR (2d) of  d imensions 4xnTimeSamples.

  " " "

  
  # - - -  Fo rm  the  MS  se lec to r s :  The  SPW as  da ta_desc r i p t i on_ id  and  t he  t ime

  #     r a n g e s  f o r  t h e  s o l a r - t a r g e t  o f f - s o u r c e  s u b - s c a n s .

  myMsmd=msmdtool()
  myMsmd.open(vis)

  #-  1 .  I den t i f y  t he  SPW=4 da ta  (WVR channe l s )  by  t he  da ta_desc_ id

  wvrDataDescID=int(myMsmd.datadescids(spw=4)[0])  

  print('Data desc ID for SWP 4 = ',wvrDataDescID)
  
  # -  2 .  I d e n t i f y  t h e  o n - s o u r c e  /  o f f - s o u r c e  s u b s c a n s  b y  t h e i r  t i m e  r a n g e .

  #  G e t  s u b - s c a n  i n f o  f o r  o u r  t g t S c a n .

  sub_info=aU.computeDurationOfScan(tgtScan,mymsmd=myMsmd,
                                    returnSubscanTimes=True)
  # How many sub-scans do we have?

  nSubScans=sub_info[1]
  
  #  T h e  o f f - s o u r c e  s u b s c a n s  a r e  j u s t  t h e  f i r s t  a n d  l a s t  o n e .  T h e  o n - s o u r c e

  #  a r e  i n  t h e  m i d d l e .

  #  N o t e :  T h i s  i s  a  k e y  t o  t h e  m a p / d i c t i o n a r y  o f  s u b s c a n s  a n d  i t  s t a r t s  a t  1 .

  offSubScans=[1,nSubScans]
  onSubScans=range(2,nSubScans)
  
  #  M a k e  a n d  f i l l  a  l i s t  o f  t i m e - r a n g e s  ( a s  M J D s )  f o r  t h e  s e l e c t e d  s u b - s c a n s .
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  #  W e  u s e  t h e  s t r i n g  r e p r e s e n t a t i o n  o f  d a t e - t i m e  -  t h a t  i s  w h y  s u b _ i n f o [ 3 ]  i s

  #  e x t r a c t e d  h e r e .  T h i s  i s  s u i t a b l e  f o r  m s : : m s s e l e c t ( )  u s e d  s u b s e q u e n t l y  -

  # see the comments  be low.

  tRanges=[]
  
  i f (subScans=='on'):
    f o r oss i n onSubScans:
      tRanges.append(sub_info[3][oss])
  e l i f (subScans=='off'):
    f o r offs i n offSubScans:
      tRanges.append(sub_info[3][offs])
  

  #  M a k e  t h e  s t r i n g - l i s t  t o  b e  a  s i n g l e  c o m m a - s e p a r a t e d  s t r i n g .

  trString=','.join(tRanges)
  
  #  W e  a r e  d o n e  w i t h  t h e  t i m e - r a n g e  e x t r a c t i o n .

  myMsmd.done()

  # - - -  U s e  t h e  a b o v e  i d e n t i f i e r s / s e l e c t o r s  f o r  f i l t e r r i n g  t h e  W V R  d a t a  f r o m  M S .

  
  myMs=mstool()
  myMs.open(vis)
  
  #  I n i t i a l i z e  t h e  M S  s e l e c t o r  b y  S P W = 4  

  myMs.selectinit(datadescid=wvrDataDescID)
  
  #  Se lec t  WVRs fo r  a  g i ven  an tenna  and  the  scan  number .

  myMs.select({'antenna1':antID,'antenna2':antID,'scan_number':tgtScan}) 

  
  #  O n  d e m a n d ,  r e f i n e  s e l e c t i o n  t o  t h e  s u b - s c a n s  d e f i n e d  b y  t h e  t i m e - r a n g e .

  #  N o t e :  W e  u s e  m s : : m s s e l e c t ( )  ( a n d  n o t  m s : : s e l e c t ( ) )  h e r e  a s  i t  a l l o w s

  #  f o r  n o n - c o n t i g u o u s  u n i o n  o f  t i m e  i n t e r v a l s  f o r  t h e  s u b - s c a n s   

  i f (trString): myMs.msselect({'time':trString})
  

  # - - -  F i l t r a t i o n  d o n e ,  n o w  p i c k - u p  a n d  p r o c e s s  t h e  d a t a .

  
  #  E x t r a c t  t h e  ( c o m p l e x )  d a t a  a n d  t h e i r  ' c o o r d i n a t e s '  f r o m  t h e  f i l t e r e d  M S .

  wvrData=myMs.getdata(["data","axis_info"],ifraxis=True)

  #  C l e a n - u p  t h e  t o o l  M S  t o o l .

  myMs.reset()
  myMs.close()

  #  G e t  t h e  d a t a  -  t h e y  a r e  s t o r e d  a s  c o m p l e x  a m p l i t u d e s .

  wvr_cAmp=wvrData["data"]
  
  #  G e t  t h e i r  c o r r e s p o n d i n g  t i m e s  a s  M J D .

  wvr_mjd=wvrData["axis_info"]["time_axis"]["MJDseconds"]
  
  #  T h e  d a t a  a r e  c o m p l e x  b y  n a t u r e ,  b u t  i n  f a c t  h a v i n g  j u s t  t h e  r e a l  p a r t .

  wvrPow=wvr_cAmp.real
  
  #  T h e  ' i f r a x i s = T r u e '  i n  t h e  m s . g e t d a t a ( )  a b o v e  c a u s e s  e x p a n s i o n  o f  t h e  a n t e n n a
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  #  a x i s .  I n  o u r  c a s e  o f  W V R s  ( s p w = 4 )  i t  i s  d e g e n e r a t e d  t o  d i m e n s i o n = 1 .

  #  L e t  u s  r e m o v e  i t  ( i t s  i s  t h e  3 r d  a x i s  o f  t h e  a r r a y ) .

  wvr_pow=np.squeeze(wvrPow,axis=2)

  #  T h e  ' p o l a r i z a t i o n '  a x i s  i s  d e g e n e r a t e d  a s  w e l l  f o r  W V R s ,  l e t  u s  g e t  r i d  o f

  #  t h i s  d i m e n s i o n ,  t o o ,

  wvr_pow=np.squeeze(wvr_pow,axis=0)
  
  print('WVR pow dims: ',wvr_pow.shape)

  #  R e t u r n  t h e  t i m e  a x i s  a s  M J D .

  #  Re tu rn  t he  power  as  a  numpy  a r ray  o f  nChans  x  n In tegs  d ims .

  return (wvr_mjd,wvr_pow)

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def pwvCalc(vis,atmTool,scan,antID):
  " " "

  Ca l cu la te  PWV fo r  t he  *scan*  and  *an t ID*  us ing  raw  WVR da ta .  We  use

  l i n e a r i z e d  f o r m u l a  ( 1 3 )  i n  t h e  P R 1 5  i n  a n  i t e r a t i v e  w a y  t o  c o n v e r g e

  to  dW=w-w0 to  be  ze ro  -  bas ica l l y  we  use  the  Newton-Raphson  (N-R)  method .  The

  a t m o s p h e r e  t o o l  * a t m T o o l *  m u s t  b e  s e t  b e f o r e h a n d  v i a  s e t A t m T o o l ( )  f o r  S P W  4 .

  T h e  s k y  b r i g h t n e s s  t e m p e r a t u r e  T b s  i s  c a l c u l a t e d  f r o m  t h e  A T M  m o d e l  u s i n g

  a t . g e t T e b b S k y ( )  m e t h o d .  W e  h a v e  a l s o  t r i e d  a t . g e t T r j S k y ( )  a s  a n  a l t e r n a t i v e

  and  compared  t he  resu l t s  w i t h  t he  ( r a re )  SYSCAL  PWVS v i a  pwvCa l cVe r i f y ( )  -

  s e e  t h e  c o m m e n t  o n  c o m p a r i s o n  r e s u l t s  t h e r e .  

  R e t u r n s :  P W V  o b t a i n e d  b y  a v e r a g i n g  t h e  p a r t i a l  r e s u l t s  f r o m  W V R  c h a n n e l s  1 - 3

  a n d  i t s  s t d d e v  i n  a  t u p p l e .  W e  s k i p  c h a n n e l  0  ( t h e  l i n e  c o r e )  a s  i t  g i v e s

  o u t l i e d  d a t a  f r o m  t h e  r e s t  ( f r e q u e n t l y  a l s o  N a N s ) .  E s s e n t i a l l y ,  f o r  t h e

  ' s o l a r  o b s e r v i n g  c o n d i t i o n s '  w i t h  P W V  t y p i c a l l y  >  3 . 0  i t  i s ,  a n y w a y ,  m o s t l y

  s a t u r a t e d  a n d ,  h e n c e ,  i n s e n s i t i v e  t o  s m a l l e r  P W V  v a r i a t i o n s .

  " " "

  #- -  Ge t  the  raw WVR tempera tu res  averaged  over  the  scan .

  time,wvrs=wvr_dataRaw(vis,scan,antID)
  Twvr=np.mean(wvrs,axis=1)

  # Count of  WVR cahnnels

  wvrChans=wvrs.shape[0]
  
  # - -  I t e r a t i o n  s e t u p .

  
  #  H a l f  d w  f o r  t h e  s l o p e  ( t a u _ 1 e f f )  e s t i m a t i o n .

  dws=0.05
  #  N - R  i t e r a t i o n  s t o p p e r :  W V R  t e m p e r a t u r e  i s  c l o s e r  t o  T b s  t h a n  t h i s .

  dT_min=0.001
  #  C a l c u l a t e  l i m i t i n g  T b S k y  f o r  i n f i n i t e  P W V :  I t  i s  a  c o n s t a n t  c l o s e  t o

  #  t h e  t r o p o s p h e r i c  t e m p e r a t u r e  f o r  A L M A  a r r a y  ( M e t e o C e n t r a l ) .

  TbsInf=atmTool.getTebbSky(spwid=0,nc=0,
                            wh2o=qa.quantity(10000.0,'mm'))['value'][0]

  #  A r r a y  f o r  t h e  r e s u l t s .

  pwvArr=np.zeros(wvrChans)
  
  # - -  Newton -Raphson  i t e ra t i ons :  Sepa re te l l y  pe r  each  WVR channe l ,  as  t hey

  #    n e e d  n o t  t o  c o n v e r g e  s y n c h r o n o u s l y .  W e  s k i p  t h e  c h a n n e l  0  ( W V  l i n e  c o r e )
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  #    a s  i t  g i v e s  o u t l a i d  v a l u e  f r o m  t h e  r e s t  c h a n n e l s  1  -  3 .

  
  f o r wC i n range(wvrChans):

    #  I n i t i a l  e s t i m a t e  f o r  P W V .  3 . 0  m m  a n d  m o r e  i s  t y p i c a l  f o r  t h e  s o l a r  o b s .

    w0=3.0
    #  I n i t i a l  d T  p e r  c h a n n e l  ( a r b i t r a r y  n u m b e r  g r e a t e r  t h e n  d w _ m i n ) .

    dT=0.5
    #  I t e r a t i o n  c o u n t .

    itc=0

    while(abs(dT)>dT_min):
      #  C a l c u l a t e  t h e  T b S k y  f o r  c u r r e n t  e s t i m a t e  o f  P W V

      TbsW0=atmTool.getAverageTebbSky(wC,qa.quantity(w0,'mm'))['value'][0]

      #  C a l c u l a t e  t h e  s l o p e  b y  s t e p p i n g  a  b i t  f o r w a r d  a n d  b a c k w a r d  i n  P W V   

      TbsW0H=atmTool.getAverageTebbSky(wC,qa.quantity(w0+dws,'mm'))['value'][0]
      TbsW0L=atmTool.getAverageTebbSky(wC,qa.quantity(w0- dws,'mm'))['value'][0]

  
      #  T h e  s l o p e  h a s  a  m e a n i n g  o f  e f f e c t i v e  t a u _ 1 .

      #  I t s  v a l u e s  a r e  a c t u a l l y  c l o s e  t o  t a u _ 1  f o r  c o r r e c t  P W V .

      tau_1eff= -np.log((TbsW0H- TbsInf)/ (TbsW0L- TbsInf))/ (2.0* dws)

      #  H o w  f a r  w e  a r e  t o  t h e  s o l u t i o n ?

      dT=Twvr[wC]- TbsW0

      #  C a l c u l a t e  t h e  s h i f t  t o w a r d s  t h e  s o l u t i o n .

      dW=dT/ (tau_1eff* (TbsInf- TbsW0))
      # Update  the  cur ren t  PWV va lue

      w0+=dW
      
      itc+=1  

    # - - >  e n d w h i l e ( N - R  i t e r a t i o n s )

    #  I n s e r t  t h e  c o n v e r g e d  v a l u e  t o  s h r i n k e d  ( s k i p  c h a n  0 )  a r r a y  o f  r e s u l t s .

    pwvArr[wC]=w0
    
  #--> endfor (WVR channels)

  print(pwvArr)

  #  Use  j us t  WVR channe l s  1  -  3  f o r  r easons  desc r i bed  above .

  pwvMean=pwvArr[1:].mean()
  pwvStd=pwvArr[1:].std()

  print("PWV: ",pwvMean,"+/-",pwvStd)
  
  return (pwvMean,pwvStd)

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def pwvCalcVerify():
  " " "

  T r y  t o  ' v e r i f y '  o u r  P W V  c a l c u l a t i o n  i n  p w v C a l c ( )  a g a i n s t  t h e  A L M A - c a l c u l a t e d
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  va lues in  ASDM_CALWVR table,  accessed by getPWVforAnt( ) .

  * * *  S p e c i f i c  f o r  t h i s  M S !  * * *

  

  W e  c a l c u l a t e  t h e  P W V s  b y  b o t h  m e t h o d s  f o r  a l l  a n t e n n a s  a n d  a l l  n o n - s o l a r  s c a n s

  a n d  m a k e  a  s c a t t e r  p l o t .  W e  c a n  e x p e c t  s o m e  d i f f e r e n c e s  a s  o u r  p w v C a l c ( )

  method uses  WVR tempera tures  ove  a  scan,  wh i le  the  sys tem-ca lcu la ted  PWVs

  a r e  a  b i t  o p a q u e  -  n e i t h e r  t h e  m e t h o d  o f  t h e i r  c a l c u l a t i o n  i s  c l e a r  ( n o t h i n g

  f o u n d  i n  l i t e r a t u r e  e x c e p t  t h e y  u s e  t h e  A T M  m o d e l )  n o r  t h e  s t r a n g e  t i m e s  a t

  wh ich  we  have  the i r  va lues  i n  ASDM_CALWVR tab le  a re  exp la ined .  The  goa l  i s

  t o  s e e ,  w h e t h e r  t h e  d i c s c r e p a n c i e s  a r e  s m a l l  a n d  d o  n o t  h a v e  s y s t e m a t i c

  t r e n d s .

  R e s u l t s :  T h e  c o r r e c l a t i o n  w o r k s  b a s i c a l l y  w e l l ,  b u t  t h e r e  a r e ,  i n d e e d ,

  s y s t e m a t i c  d i f f e r e n c e s :  I f  a t . g e t T e b b S k y ( )  i s  u s e d  f o r  s k y  b r i g h t n e s s

  e s t i m a t i o n  ( t o  b e  i n t e r p r e t t e d  a s  T w v r  v a l u e s  i n  W V R  r a w  d a t a ) ,  o u r  p w v C a l c ( )  

  m e t h o d  g i v e s  s y s t e m a t i c a l l y  u n d e r e s t i m a t e d  P W V  v a l u e s .  W h e n  a t . g e t T r j S k y ( )  i s

  u s e d ,  t h e n  o u r  P W V s  a r e  s y s t e m a t i c a l l y  o v e r - e s t i m a t e d .  D e t a i l e d

  r e s u l t s  a r e  i n  . / w v r _ r a w / p w v - S Y S _ v s _ o u r s  d i r e c t o r y .

  " " "

  # Arrays for  PWVs calcu lated by our  method pwvCalc()  and those in  ASDM_CALWVR.

  ourPWVs=np.array([])
  sysPWVs=np.array([])
  
  #  M S  d e f i n i t i o n .

  vis='uid___A002_X110fd13_X1099e.ms'

  #  D e f i n e  t h e  s c a n s :  A l l  n o n - s o l a r

  theScans=[1,2,3,4,5,6,7,8,10]
  
  #  G e t  a n t e n n a  l i s t .

  myMsmd=msmdtool()
  myMsmd.open(vis)
  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()
  myMsmd.done()

  # - -  L o o p  o v e r  a l l  s e l e c t e d  s c a n s .

  f o r scan i n theScans:

    #  S e t  t h e  A T M  m o d e l  f o r  t h e  s c a n .

    myAtm=attool()
    setAtmTool(myAtm,'uid___A002_X110fd13_X1099e.ms',4,scan)
  
    # - -  L o o p  o v e r  a l l  a n t e n n a s .  

    f o r myAnt i n antIDs:

      # Sk ip  the CM antennas,  these have no WVRs.

      i f (antNames[myAnt][:2]=='CM'):
        print("Skipping antenna ",antNames[myAnt]," - no WVR data.")
        continue
    
      # Repor t  p rogress  fo r  WVR-equ iped an tennas .

      print('\n============================================================')
      print('Calculating scan ',scan,' for antenna ',
            int(myAnt),'<-->',antNames[myAnt])
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      print('============================================================\n')
      
      #  C a l c u l a t e  P W V  b y  o u r  m e t h o d ;  t h e  2 n d  i t e m  i n  a  t u p p l e  i s  s t d d e v .

      myPWV,myPWVerr=pwvCalc(vis,myAtm,scan,int(myAnt))
      #  A p p e n d  i t  t o  t h e  l i s t  o f  a l l  P W V  v a l u e s .

      ourPWVs=np.append(ourPWVs,myPWV)

      # Ext rac t  the PWV f rom SYS ca l tab le  ASDM_CALWWR (+ in terpo la t ion to  the

      #  scan  m id - t ime )

      sysPWV=getPWVforAnt(vis,scan,int(myAnt))['pwvAvg']
      #  A p p e n d  i t  t o  t h e  l i s t  o f  a l l  s y s - P W V  v a l u e s .

      sysPWVs=np.append(sysPWVs,sysPWV)

      #  A  q u i c k  c h e c k .

      print('--- ',myPWV,sysPWV)
      
    # - ->  end fo r (an tennas )

    #  C l o s e  t h e  a t m o s p h e r e  t o o l .

    myAtm.done()
    
  # - - >  e n d f o r ( s c a n s )

  #  R e t u r n  t h e  P W V  c o l l e c t i o n s  f o r  f u r t h e r  a n a l y s i s .

  return (ourPWVs,sysPWVs)
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdLs(antID,myAtm,fullPWV=False):
  " " "

  * * *  S p e c i f i c  f o r  2 0 2 2 . 1 . 0 0 0 3 1 C S V  p r o j e c t !  * * *

  

  D e c o m p o s e  t h e  W V R  r a w  v a r i a t i o n s  f o r  a n t e n n a  * a n t I D *  i n  t h e  s o l a r  s c a n  i n t o

  P W V  v a r i a t i o n s  a n d  v a r y i n g  i l l u m i n a t i o n  o f  t h e  W V R s  b y  s c a t e r r e d  s o l a r

  i r rad iance  Lsun .  These  two  shou ld  be  separab le  because  we have  4  WVR channe ls

  ( t h r e e  o f  t h e m  u s a b l e ,  o n e  s a t u r a t e d )  a n d  d P W V  a n d  d L s u n  h a v e  d i f f e r e n t

  f r equency  dependence  -  PWV- re l a ted  s i gna l  i n c reases  t owa rds  t he  WV l i ne  cen te r

  w h i l e  t h e  s o l a r  i l l u m i n a t i o n  ( t h i n n e d  b y  a t m o s p h e r i c  a b s o r p t i o n )  d e c r e a s e s .

  The  a tmosphe re  t oo l  *myA tm*  mus t  be  se t  be fo rehand  us ing  se tA tmToo l ( )  f o r

  t h e  s c a n  n o  9  ( t h e  s o l a r  s c a n )  a n d  S P W  4  ( W V R  d a t a ) .

  T h e  b o o l e a n  s w i t c h  * f u l l P W V *  c o n t r o l s ,  w h e t h e r  j u s t  v a r i a t i o n s  a r o u n d  t h e

  m e a n s  s h a l l  c o m e  o u t  f o r  t h e  e x t r a c t e d  P W V  d a t a  ( t h e  d e f a u l t  i s  f a l s e ,  w h i c h

  i s  u s e f u l l  f o r  c o m p a r i s o n  w i t h  d P W V  p r o x y )  o r  f u l l  P W V  v a l u e  w i t h  t h e  m e a n

  componen t  added  shou ld  come  ou t .  The  Lsun  con t r i bu t i on  i s  a lways  re tu rned

  i n c l u d i n g  i t s  m e a n .

  

  Reason ing:  By  compar ison between our  dPWV data  and raw WVR s igna l  i t  has  been

  f o u n d  t h a t  t h e  D V  a n t e n n a s  e x h i b i t ,  i n  g e n e r a l ,  e x c e l l e n t  c o r r e l a t i o n  b e t w e e n

  those  two  quan t i t i es  (WVR raw da ta  and  dPWV f rom sc ience  SPWs) ,  wh i le  the  DA

  a n t e n n a s  a r e  o b v i o u s l y  m u c h  w o r s e .  I t  l o o k s  l i k e  t h e  r e a s o n  i s  t o  b e  f o u n d

  i n  a  d i f f e r e n t  a n t e n n a  c o n s t r u c t i o n  -  n a m e l y  s u p p o r t s  o f  t h e  s u b - r e f l e c t o r .

  T h e s e  o b s t a c l e s  m a y  l e a d  t o  s h a d o w i n g  o r ,  v i c e  v e r s a ,  a d d i t i o n a l  r e f l e c t i o n

  o f  t h e  s o l a r  i l l u m i n a t i o n  t o  t h e  W V R .  H e n c e ,  t h e  s o l a r  i l l u m i n a t i o n  n e e d s

  t o  b e  h a n d l e d  a s  v a r i a b l e  ( c a n n o t  b e  f u l l y  s u b t r a c t e d  i n  t h e  s t a t i o n a r y  p a r t ) .
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  W e  u s e  f o r m u l a  ( 1 6 )  i n  P R 1 5  t o  m a k e  t h e  d e c o m p o s i t i o n .  A l h o r i t h m  f o r  n u m e r i c a l

  s o l u t i o n  o f  E q .  ( 1 6 )  i s  t h e  f o l l o w i n g :

  1 .  Make scan-averaged (may be  decomposed to  o f f -source  and on-source  subscans)

  WVR channe l  t empe ra tu res  <Twv r> .  S ince  dW( t )  and  dL ( t )  va r i a t i ons  shou ld

  h a v e  ( b y  d e f i n i t i o n )  z e r o  t i m e  a v e r a g e ,  t h r e e  e q u a t i o n s

  <Twvr>=T_BS(w) + <Lsun>*t r (w)

  s h o u l d  h o l d  f o r  W V R  c h a n n e l s   1  -  3 .  W e  n e g l e c t  t h e  W V R  c h a n n e l  0 ,  a s  i t  i s

  s a t u r a t e d ,  e x h i b i t i n g  m i n i m u m  v a r i a t i o n s  ( e v e n  t h e  o f f - s o u r c e  - >  o n - s o u r c e

  t r a n s i t i o n  a n d  b a c k  i s  n o t  v i s i b l e  i n  t h e  d a t a ) .  W e  v a r y  t h e  P W V  c o n t e n t  w

  s u c h  a  w a y ,  t h a t  d i s p e r s i o n  o f  t h r e e  r e s u l t s  f o r  < L s u n >  i s  m i n i m i z e d .

  The  sky  b r i g tness  T_BS(w)  i s  app rox ima ted  by  a t . ge tTebbSkySpec ( )  us i ng  t he

  * m y A t m *  m o d e l  o f  t h e  a t m o s p h e r e ,  t h e  t r a n s m i s i v i t y  t r ( w )  i s  c a l c u l a t e d  f r o m

  t h e  s a m e  m o d e l .  N e w t o n - R a p h s o n  ( N - R )  i t e r a t i o n s  a r e  u s e d  f o r  m i n i m i z i n g  t h e

  <Lsun>  d i spe rs ion  ove r  the  WVR channe ls .

  2 .  Once  op t im ized  <PWV> and  <Lsun>  a re  f ound ,  we  ca l cu la te  t he  ma t r i x

  c o e f f i c i e n t s  a n d  t h e  R H S  f o r  t h e  o v e r d e t e r m i n e d  s y s t e m  o f  e q u a t i o n s

  ( t h r e e  e q u a t i o n s  f o r  3  u s a b l e  W V R  c h a n n e l s  a n d  2  v a r i a b l e s  -  d W  a n d  d L s u n )

  a n d  u s e  t h e  s t a n d a r d  q u a d r a t i c - f o r m  m i m i n i z i n g  t o  f i n d  t h e  s o l u t i o n

  ( s e e  t h e  s a m e  p r o c e d u r e  i n  d W d B ( )  f o r  d e t a i l s ) .

  T h e  s o l u t i o n s  d W ( t )  a n d  d L s u n ( t )  a r e  c h e c k e d  f o r  z e r o  t i m e - a v e r a g e :  I f

  a  n o n - n e g l i g i b l e  v a l u e  i s  f o u n d ,  t h e  m e a n  P W V  a s  f o u n d  i n  S t e p  1  i s

  c o r e c t e d

  <PWV>_new=<PWV>_old + <dW(t)>

  a n d  l i k e w i s e  t h e  < L s u n > ,  a n d  S t e p  2  i s  r e p e a t e d  u n t i l  n e a r - z e r o  a v a r a g e s  a r e

  r e a c h e d .  

  " " "

  # - -  S t a t i c  p a r a m e t e r s

  # -  S o l a r  s p e c t r u m  -  i n  t h e o r y  i t  i s  R - J .

  
  #  R e f e r e n c e  f r e q u e n c y  f o r  t h e  s o l a r  s p e c t r u m  -  c e n t r a l  S P W  4  f r e q u e n c y  ( i n  H z )

  f_wvr=1.8755e11

  #  S p e c t r a l  i n d e x  f o r  t h e  s o u r c e .  S p i x = 2 . 0  c o r r e s p o n d s  t o  R - J  l a w .

  spix=2.0
  
  # -  S o u r c e - d a t a  d e f i n i t i o n .

  vis='uid___A002_X110fd13_X1099e.ms'
  solScan=9

  # -  A tmosphe re  s t a t i c  pa rame te r s .

  
  #  C a l c u l a t e  l i m i t i n g  T b S k y  f o r  i n f i n i t e  P W V :  I t  i s  a  c o n s t a n t  c l o s e  t o

  #  t h e  t r o p o s p h e r i c  t e m p e r a t u r e  f o r  t h e  A L M A  a r r a y  ( M e t e o C e n t r a l ) .

  TbsInf=myAtm.getTebbSky(spwid=0,nc=0,
                          wh2o=qa.quantity(10000.0,'mm'))['value'][0]

  # In i t ia l  guess  o f  PWV:  Scan-center  in te rpo la ted  ASDM_CALWVR va lue .

  w0=getPWVforAnt(vis,solScan,antID)['pwvAvg']

  print('....... Initial estimate')
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  print('PWV=',w0)
  print('.......')

  
  #  A i r m a s s  f o r  t h e  s o l a r  s c a n .

  airMass=myAtm.getAirMass()

  #- -  Ex t rac t  WVR raw tempera tu res .

  
  # Scan-averaged WVR Tbs

  wTime,Twvr=wvr_dataRaw(vis,solScan,antID,'on') #  o n , o f f  o r  a l l  

  #  Sk ip  the  sa tu ra ted  WVR channe l  0 .

  Twvr=Twvr[1:,:]
  #  Ave rage  ove r  a  scan .

  TwvrMean=np.mean(Twvr,axis=1)

  #  How many  t ime  samp les  a re  i n  th i s  scan?

  nSamples=Twvr.shape[1]

  # How many ATM spws  do we have?

  nAtmSPWs=myAtm.getNumSpectralWindows()

  #-  Recons t ruc t  t he  sub -channe l  f requenc ies  fo r  ou r  ATM SPWs.

  #   W e  n e e d  t h e m  f o r  p r o p e r  s c a l i n g  o f  t h e  s o l a r - i l l u m a n t i o n  s p e c t r u m .

  
  # We have the same number of  sub-channels for  a l l  WVR-channel  ATM SPWs.

  #  F o r t u n a t e l l y ,  b e c a u s e  P y t h o n  i s  i n c a p a b l e  o f  c r e a t i n g  a  v e c t o r  o f  v e c t o r s ,

  #  w h i c h  w o u l d  h a v e  d i f f e r e n t  s i z e s ,  o n l y  r e c t a n g u l a r  m a t r i x  i s  O K  : - (

  nChans=myAtm.getNumChan(0)

  #  A l l o c a t e  t h e  p e r - S P W  a r r a y s .

  #  P r e p a r e  a r r a y s  f o r  b r i g h t n e s s  t e m p e r a t u r e ,  o p a c i t i e s ,  e t c .

  TbsW0=np.zeros(nAtmSPWs)
  tau_1=np.zeros(nAtmSPWs)
  tau_1eff=np.zeros(nAtmSPWs)
  trans=np.zeros(nAtmSPWs)
    
  #  S e n s i t i v i t y  f a c t o r s  f o r  d W  a n d  d L

  SW=np.zeros(nAtmSPWs)
  SL=np.zeros(nAtmSPWs)  

  # Frequenc ies  fo r  sub-channe ls  in  our  ATM SPWs.

  wvrFreqs=np.zeros((nAtmSPWs,nChans))

  f o r wC i n range(nAtmSPWs):
    
      fMin=myAtm.getMinFreq(wC)['value'][0]* 1.0e9 # GHz to Hz

      df=myAtm.getChanSep(wC)['value'][0]* 1.0e6   # MHz to Hz

      
      wvrFreqs[wC]=fMin+df* np.arange(nChans)

  
  #- -  S tep  1 :  Op t im ize  <PWV> by  f i nd ing  m in imum d ispe rs ion  o f  <Lsun>

  
  # - G e n e r a l  N - R  i t e r a t i o n  s e t u p  f o r  S t e p  1 .
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  #  H a l f  d w  f o r  t h e  e s t i m a t i o n  o f  d e r i v a t i v e s  i n  t h e  N - R  i t e r a t i o n s .

  dws=0.05
  #  N - R  i t e r a t i o n  s t o p p e r :  W e  m o v e  i n  P W V  s p a c e  b y  l e s s  t h a n  t h i s ,

  ddW_min=0.01
  #  In i t i a l  d i sp lacemen t  i n  t he  PWV space .  Any th ing  above  ddW_min .

  ddW=0.5

  while (abs(ddW)>ddW_min):
  
    #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .

    myAtm.setUserWH2O(qa.quantity(w0,'mm'))

    #- -  Loop over  ATM spws <- ->  a l l  WVR channe ls

    f o r wC i n range(nAtmSPWs):
      
      # -  S k y  b r i g h t n e s s  f o r  c u r r e n t  P W V  e s t i m a t e  a n d  i t s  l o g a r i t h m i c  s l o p e .

      TbsW0[wC]=myAtm.getAverageTebbSky(wC,qa.quantity(w0,'mm'))['value'][0]

      # -  T b s  l o g a r i t h m i c  s l o p e  w . r . t .  c h a n g i n g  P W V .

      TbsW0H=myAtm.getAverageTebbSky(wC,qa.quantity(w0+dws,'mm'))['value'][0]
      TbsW0L=myAtm.getAverageTebbSky(wC,qa.quantity(w0- dws,'mm'))['value'][0]
      #  T h e  s l o p e  h a s  a  m e a n i n g  o f  e f f e c t i v e  t a u _ 1 .

      #  I t s  v a l u e s  a r e  a c t u a l l y  c l o s e  t o  t a u _ 1  s c a l e d  m y  a i r m a s s  f o r  c o r r e c t  P W V

      tau_1eff[wC]= -np.log((TbsW0H- TbsInf)/ (TbsW0L- TbsInf))/ (2.0* dws)
    
      # -  T r a n s m i s s i v i t y  &  t a u _ 1

    
      #  D r y  z e n i t h  o p a c i t y  -  a n  a r r a y  p e r  s u b - c h a n n e l .

      tau_dry = np.array(myAtm.getDryOpacitySpec(wC)[1])
      #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y  -  a n  a r r a y  p e r  s u b - c h a n n e l .

      tau_wet = np.array(myAtm.getWetOpacitySpec(wC)[1]['value'])
    
    
      # Wet opaci ty  per  1mm PWV scaled by a i rmass -  mean per  SPW.

      tau_1[wC]=airMass* tau_wet.mean()/ w0
    
      #  T o t a l  o p a c i t y  -  a n  a r r a y  p e r  s u b - c h a n n e l .

      opacity=airMass* (tau_wet+tau_dry)

      #  M e a n  t r a n s i m i s s i v i t y  p e r  S P W ,  s c a l e d  b y  t h e  s o l a r  s p e c t r u m

      trans[wC]=np.mean(((wvrFreqs[wC]/ f_wvr)* * spix)* np.exp(- opacity))

    #-->endfor(ATM SPWs)

    
    # -  S k i p  t h e  W V R  c h a n n e l  0  -  i t  i s  s a t u r a t e d .  T h e  _ S  a r r a y s  a r e  _ S _ h o r t e n

    TbsW0_S=TbsW0[1:]
    tau_1_S=tau_1[1:]
    tau_1eff_S=tau_1eff[1:]
    trans_S=trans[1:]

    # -  C a l c u l a t e  < L s u n >  i n  e a c h  W V R  c h a n n e l  a n d  i t s  d i s p e r s i o n  ( s t d d e v ) .

    
    # Mean so la r  i l l umina t ion  <Lsun>=<r*Tsun> per  WVR channe l .

    Lsun=(TwvrMean- TbsW0_S)/ trans_S
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    #  Ca lcu la te  s lope  dLsun /dw

    dLdW= -tau_1eff_S* (TbsInf- TbsW0_S)/ trans_S+Lsun* tau_1_S
    
    #  E s t i m a t e  t h e  < L s u n >  ( a . k . a  < r * T s u n > )  i n  c a s e  o f  w 0  d i s p l a c e d  b y  + / -  d w s .

    LsunPlus=Lsun+dLdW* dws
    LsunMinus=Lsun- dLdW* dws
    
    #  C a l c u l a t e  t h e  s o l a r - i l l u m i n a t i o n  t e m p e r a t u r e s  d i s p e r s i o n s  o v e r  W V R

    #  c h a n n e l s :  F o r  c u r r e n t  w 0  a n d  w 0  d i s p l a c e d  b y  + / -  d w s .

    Td0=Lsun.std()
    TdP=LsunPlus.std()
    TdM=LsunMinus.std()
    
    #  W e  e x p e c t  t h e  t e m p e r a t u r e  d i s p e r s i o n  i s  q u a d r a t i c  i n  w  a r o u n d  i t s  m i n i m u m .

    #  I n  s u c h  c a s e ,  t h e  d i s t a n c e  t o  i t s  m i n i m u m  c a n  b e  c a l c u l a t e d  a s  - ( y ' / y " )

    #  W e  c a l c u l a t e  y '  a s  a  d i f f e r e n c e ,  y "  i s  t h r e s h o l d e d  b y  e x p e r i m e n t a l l y  f o u n d

    #  c o n s t a n t  b e l o w .  W h y ?  T h e  q u a d r a t i c  a p p r o x i m a t i o n  i s  a c t u a l l y  v a l i d  j u s t

    #  c l o s e  t o  t h e  m i n i m u m  ( P W V  + / -  0 . 2   f r o m  i t s  o p t i m u m  v a l u e )  a s  f o u n d

    #  b y  a n  e x p e r i m e n t ( F i g .  T s u n _ d i s p _ v s _ w . p n g ) ,  i n  t h e  l a r g e r  d i s t a n c e s  f r o m

    #  t h e  m i n i m i s i n g  P W V  i t  i s  r a t h e r  l i n e a r ,  w i t h  y "  g o i n g  t o  z e r o  -  s e e  F i g . 1 2

    #  i n  P R 1 5 ,  n a m e l y  t h e  l e f t  ' s h o u l d e r ' .

    #  F i r s t  c e n t r a l  d i f f e r e n c e  a s  a  p r o x y  t o  y ' .

    Td1=(TdP- TdM)/ (2.0* dws)
    #  S e c o n d  c e n t r a l  d i f f e r e n c e  a s  a  p r o x y  t o  y " .

    Td2=(TdP+TdM- 2.0* Td0)/ (dws* dws)
    #  T h r e s h o l d i n g  f o r  t h e  l i n e a r  ' s h o u l d e r '  o f  T d i s p ( w )

    i f (Td2 < 50.0): Td2=147.5

    #  Ca l cu la te  t he  d i sp l acemen t  t owa rds  t he  op t imum.

    ddW= -Td1/ Td2
    
    # Update PWV.

    w0+=ddW

  # - - >  e n d w h i l e ( N - R  i t e r a t i o n s  f o r  S t e p  1 )

  #  S t a t i c  p a r t  ( s c a n - a v e r a g e )  o f  s o l a r  i l l u m i n a t i o n  a v e r a g e d  o v e r  W V R  c h a n n e l s .

  LsunMean=Lsun.mean()
  
  print('------- After Step 1')
  print('PWV=',w0,'L_sun=',LsunMean)
  print('LS spec:',Lsun,'LS disp:',Td0)
  print('-------')

  # - -  S t e p  2 :  S o l v e  t h e  l i n e a r  s e t  o f  e q u a t i o n s  f o r  d W  a n d  d L  v a r i a t i o n s

  #    I t e r a t e  u n t i l  t h e y  h a v e  n e g l i g i b l e  m e a n  v a l u e  ( s c a n - a v e r a g e ) .

  # -  I t e r a t i o n  s e t u p

  #  S t o p p e r s  f o r  i t e r a t i v e  s o l u t i o n :  W e  s h o u l d  g e t  l e s s  t h e n  t h e s e  v a l u e s .

  dwMean_max=0.01
  dlMean_max=0.01

  #  I n i t i a l  v a l u e s  f o r  t h e  d W  a n d  d L  m e a n s  -  a n y t i n g  b i g g e r  t h e n  t h e  s t o p p e r s .

  dWtMean=0.5
  dLtMean=1.0
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  # -  I t e r a t i o n s :  M i n i m i z e  t h e  m e a n  v a l u e  o f  v a r i a t i o n s .

  while((abs(dWtMean) > dwMean_max) or (abs(dLtMean) > dlMean_max)):
    
    #- Recalculate ATM model  wi th updated <PWV> and <Lsun>.

    
    #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .

    myAtm.setUserWH2O(qa.quantity(w0,'mm'))

    #- -  Loop over  ATM spws <- ->  a l l  WVR channe ls

    f o r wC i n range(nAtmSPWs):
      
      # - -  A l l  q u a n t i t i e s  p e r  W V R - c h a n n e l ,  s p e c t r a l l y  r e s o l v e d  b y  s u b - c h a n n e l s .

      #    T h e  _ C  v a l u e s  a r e  _ C _ h a n n e l i s e d  ( s p e c t r a l ) .  W e  d o  n o t  s p e c i f i c a l l y

      #    i n d i c a t e  t h i s  i n  c a s e  o f  v a r i a b l e s  l o c a l  w i t h o n  t h e  l o o p .

      
      # -  S k y  b r i g h t n e s s  f o r  c u r r e n t  P W V  e s t i m a t e  a n d  i t s  l o g a r i t h m i c  s l o p e .

      TbsW0_C=myAtm.getTebbSkySpec(wC,qa.quantity(w0,'mm'))[1]['value']
      
      TbsW0H=myAtm.getTebbSkySpec(wC,qa.quantity(w0+dws,'mm'))[1]['value']
      TbsW0L=myAtm.getTebbSkySpec(wC,qa.quantity(w0- dws,'mm'))[1]['value']
      #  T h e  s l o p e  h a s  a  m e a n i n g  o f  e f f e c t i v e  t a u _ 1 ,  s e e  a b o v e .

      tau_1eff_C= -np.log((TbsW0H- TbsInf)/ (TbsW0L- TbsInf))/ (2.0* dws)
    
      # -  T r a n s m i s s i v i t y  &  t a u _ 1

    
      #  D r y  z e n i t h  o p a c i t y

      tau_dry = np.array(myAtm.getDryOpacitySpec(wC)[1])
      #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

      tau_wet = np.array(myAtm.getWetOpacitySpec(wC)[1]['value'])
        
      # Wet  opac i ty  per  1mm PWV sca led by a i rmass.

      tau_1_C=airMass* tau_wet/ w0

      #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

      opacity=airMass* (tau_wet+tau_dry)

      #  T r a n s m i s s i v i t y  s c a l e d  b y  s o l a r  s p e c t r u m

      trans_C=((wvrFreqs[wC]/ f_wvr)* * spix)* np.exp(- opacity)

      #- -  Mak ing  the  SPW ave rages  fo r  t he  ATM mode l  quan t i t i es .

      #  Mean  sky -b r igh tness  tempera tu re  fo r  the  cu r ren t  PWV=w0.  

      TbsW0[wC]=TbsW0_C.mean()
      trans[wC]=trans_C.mean()
      tau_1[wC]=tau_1_C.mean()
      tau_1eff[wC]=tau_1eff_C.mean()
      
      #  S e n s i t i v i t y  f a c t o r  f o r  P W V  v a r i a t i o n s .

      SW[wC]=np.mean(tau_1eff_C* (TbsInf- TbsW0_C)- LsunMean* trans_C* tau_1_C)
      #  S e n s i t i v i t y  f a c t o r  f o r  s o l a r  i l l u m i n a t i o n .

      SL[wC]=trans[wC]
      
    # - ->end fo r (wv r  channe l )

     
    # -  S k i p  t h e  W V R  c h a n n e l  0  -  i t  i s  s a t u r a t e d .

    TbsW0_S=TbsW0[1:]
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    tau_1_S=tau_1[1:]
    tau_1eff_S=tau_1eff[1:]
    trans_S=trans[1:]
    SW_S=SW[1:]
    SL_S=SL[1:]

    # -  C a l c u l a t e  < L s u n >  i n  e a c h  W V R  c h a n n e l  a n d  i t s  d i s p e r s i o n  ( s t d d e v ) .

    #   N o w  j u s t  f o r  i n s p e c t i o n .

    
    #  Scan-averaged  so la r  i l l um ina t ion  <Lsun>  pe r  WVR channe l .

    Lsun=(TwvrMean- TbsW0_S)/ trans_S
    #  I t s  d i spe rs i on  ove r  t he  3  used  WVR channe l s

    Td0=Lsun.std()

    # -  C a l c u l a t e  c o e f f i c i e n t s  o f  t h e  s y s t e m  i n  l i n e  w i t h  E q .  ( 1 6 )  i n  P R  1 5 .

    #  R H S :  T h e  T w v r  w i t h  t h e  s t a t i o n a r y  ( s c a n - a v e r a g e d )  p a r t  s u b t r a c t e d .

    #  T w v r  i s  a  m a t r i x  n T i m e S a m p l e s  x  3  ( = n C h a n s ) ,  w h i l e  t h e  s u b t r a c t e d  s t a t i c

    #  p a r t  i s  j u s t  a  3 - v e c t o r .  M a k e  b o t h  t o  b e  t h e  s a m e  s h a p e  u s i n g  t e n s o r  d o t .

    #  A  ' u n i t y ' - v e c t o r  i n  t i m e  d i m e n s i o n .

    uTime=np.ones(nSamples)

    TwvrStatic=TbsW0_S+LsunMean* trans_S
  
    dTwvr=Twvr- np.tensordot(TwvrStatic,uTime,0)
    #  A n  a l t e r n a t i v e  s e t u p

    #dTwvr=Twvr-np.tensordot(TwvrMean,uTime,0)

  
    # -  S e t  o f  l i n e a r  e q u a t i o n s  f o r  d W  a n d  d B :  A s s e m b l y  t h e  s y s t e m .

  
    #  S e t  t h e  3 - v e c t o r  o f  s e n s i t i v i t y  f a c t o r s  a s  r o w s  i n  t h e  t r a n s p o s e d  m a t r i x .

    AwlT=np.array([SW_S,SL_S])
    #  T r a n s p o s e  t o  g e t  t h e  ' d i r e c t '  m a t r i x  w i t h  s e n s i t i v i t y  f a c t o r s  a s  c o l u m n s .  

    Awl=np.transpose(AwlT)

    #  S e t  t h e  W V R  v a r i a t i o n s  d i r e c t l y  a s  t h e  R H S  v e c t o r .

    Cwl=dTwvr

    # -  The  sys tem i s  ove rde te rm ined ,  make  t he  l eas t - squa re  m in im i ze r

    #  Q u a d r a t i c - f o r m  m a t r i x  2 x 2  ( w e  h a v e  t w o  v a r i a b l e s ) .

    AK=np.matmul(AwlT,Awl)

    # Modi f ied RHS (nTimeSamples x  2)

    CK=np.matmul(AwlT,Cwl)

    # -  S o l v e  t h e  n V a r s x  x  n V a r s  s e t  o f  e q u a t i o n s ,  u s i n g  C r a m e r ' s  r u l e .

  
    A11=AK[0,0]
    A12=AK[0,1]
    
    A21=AK[1,0]
    A22=AK[1,1]
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    C1=CK[0]
    C2=CK[1]

    iD=1.0/ (A11* A22- A12* A21) #  I n v e r s e  d e t e r m i n a n t  o f  t h e  s y s t e m .

    #  T i m e  s e r i e s  o f  t h e  d P W V  v a r i a t i o n s  a n d  d L s o l  v a r i a t i o n s  a s  a  r e s u l t .  

    dWt=iD* (A22* C1- A12* C2)  
    dLt=iD* (A11* C2- A21* C1)

    #  C a l c u l a t e  t h e  t i m e - a v e r a g e s  o f  t h e  a b o v e  v a r i a t i o n s  -  t h e s e  c o n t r o l  t h e

    #  i t e r a t i o n  s t o p .

    dWtMean=dWt.mean()
    dLtMean=dLt.mean()

    print('dW mean: ', dWtMean, 'dLsun mean:', dLtMean)

    # Update the s ta t ic  <PWV> and <Lsun>

    w0+=dWtMean
    LsunMean+=dLtMean

  #- ->  endwhi le (non-zero-means)     

  print('======= After Step 2')
  print('PWV=',w0,'L_sun=',LsunMean)
  print('LS spec:',Lsun,'LS spec_mean +/- disp:',Lsun.mean(),' +/- ',Td0)
  print('=======')

  # - -  P r e p a r e d  d a t a  f o r  e x p o r t .

  
  #  F o r  L s u n  a d d  t h e  m e a n  v a l u e  t o  t h e  v a r i a t i o n s  a l w a y s

  LsunFull=LsunMean+dLt
  
  #  For  PWV add  the  mean  jus t  on  reques t .

  i f (fullPWV): dWt+=w0

  
  #  R e t u r n  t h e  P W V  a n d  L s u n  v a r i a t i o n s  i n  t i m e  a s  a  t u p p l e .

  return (wTime,dWt,LsunFull)
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdLs2(myAtm,antID,tgtScan,
           flaggedWVRchannels=[],ssType='',solIllumination=True,
           myMsmd=None,acdLoads=None):

  " " "

  * * *  S p e c i f i c  f o r  2 0 2 2 . 1 . 0 0 0 3 1 C S V  p r o j e c t !  * * *

  

  A n  u p d a t e d  v e r s i o n  o f  d W d L s ( ) ,  w h i c h  i s  i m p r o v e d  b y  t h e  f o l l o w i n g  f e a t u r e s :

  -  I n c l u d e d  a n t e n n a  e f f i c i e n c i e s .

  -  Improved  so la r  spec t rum as  in  dWdB_Tbs( ) /dWdBdG() .

  -  Imp roved  so lu t i on  o f  t he  sys tem us ing  Jacob ians  as  i n  dWdB_Tbs ( ) / dWdBdG( ) .
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  E s s e n t i a l l y ,  w e  m a y  u s e  t h e  s a m e  b a s i c  e q u a t i o n  f o r  T s r c + s k y  a s  w e  d i d  f o r

  s c i  S P W s  i n  d W d B _ T b s ( )  -  t h e  s c a t t e r e d  s o l a r  r a d i a t i o n  ( b o t h  f o r w a r d  o r  r e a r )

  c o n t r i b u t e s  a l w a y s  b y  t e r m  o f  t h e  f o r m  r _ e f f * t r ( w ( f ) ) * T s u n ( f ) ,  w h e r e  r _ e f f  i s

  t h e  f r a c t i o n  o f  s o l a r  i l l u m i n a t i o n  e f f e c t i v e l l y  s c a t t e r r e d  i n t o  W V R  d e t e c t o r

  a n d  t h i s  f a c t o r  a l r e a d y  c o n t a i n s  t h e  a n t e n n a  e f f i c i e n c i e s .  S i n c e  r _ e f f  i s

  t i m e  d e p e n d e n t  a n d  u n k o n w n ,  w e  c a l c u l a t e  j u s t  t h e  p r o d u c t  ( r _ e f f ( t ) * T s u n 0 ( t ) ) .

  H e r e ,  w e  a b s o r b  r _ e f f  i n t o  t h e  s o l a r  t e m p e r a t u r e  a n d  w e  d e s i g n a t e  t h e  e n t i r e

  t h a t  p r o d u c t  s i m p l y  b y  T s u n 0 ( t ) .  A s  i n  d W d B d G ( )  w e  w r i t e  T s u n ( f , t )  b y

  m e a n s  o f  t h e  n o r m a l i s e d  s p e c t r u m  a s  T ( f , t ) = T s u n 0 ( t ) * S F ( f ) .  H e n c e ,  d i f f e r e n c e s

  t o  d W d B d G ( )  a r e  n o t  s o  b i g  a n d  t h e y  a r e  c o n t a i n e d  i n  t h e  f o l l o w i n g :

  -  W e  d o  n o t  h a v e  i n s t r u m e n t a l  v a r s  ( g a i n s / P i n s t ) ,  t h e  n o r m a l i s e d  s p e c t r a l

  g a i n s  a r e  s e t  t o  b e  u n i f o r m  a n d  e q u a l  t o  1 . 0 .

  -  T h e r e  i s  n o  p o l a r i z a t i o n  s e p a r a t i o n  a s  t h e  W V R  d a t a  a r e  j u s t  S t o k e s  I .

  -  We have only 4 WVR channels model led by 4 ATM spws: No data->model  SPW map.

  -  T s u n 0 ( t ) ,  r e p r e s e n t i n g  j u s t  t h e  p a r t  o f  s o l a r  r a d i a t i o n  s c a t e r r e d  t o  W V R ,

  i s  t y p i c a l l y  5 0  -  1 0 0  K  o n l y .

  A s  e x p l a i n e d  i n  d W d L s ( ) ,  t h i s  p r o c e d u r e  i s  b o u n d  t o  t h e  s p e c i f i c  M S ,  w h e r e

  w e  h a d  g o o d  l u c k  a n d  t h e  W V R s  a r e  n o t  s a t u r a t e d  t h a n k s  t o  c l o s e - t o - l i m b

  t a r g e t  o b s e r v a t i o n .

  " " "

  # - - -  S t a t i c  p a r a m e t e r s

  # -  D i r s

  #  S o u r c e - d a t a  d e f i n i t i o n .  S e t  s t a t i c  b e c a u s e  w e  a r e  M S - s p e c i f i c  r o u t i n e .

  vis='uid___A002_X110fd13_X1099e.ms'
  #  A T M  s c a n  p r e c e d i n g  t h e  s o l a r  s c a n  9  i s  u s e d  a l w a y s .

  atmScan=8
  
  #  O u t p u t / d i a g n o s t i c s  p l o t s .

  plotDir='./wvr_decomp'

  # -  T o o l s ,  g l o b a l  d a t a

  
  #  F l a g s  u s e d  t o  c h e c k ,  w h e t h e r  w e  s h o u l d  c l o s e  t h e  t o o l  l a t e r .

  ownMsmd=False

  i f (not myMsmd):
    # Open the  msmd too l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True
    
  #  C r e a t e  o u r  d i c t i o n a r y  w i t h  A C D  l o a d  t e m p e r a t u r e s  ( a m b i e n t ,  h o t )  i f  n e e d e d .

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis, doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)

  # -  T a r g e t
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  #  I n i t i a l  g u e s s  o f  t h e  s o l a r  b r i g h t n e s s  t e m p e r a t u r e .

  #  S D  c a l i b r a t i o n  s c r i p t :  R e f e r e n c e  T _ b  f o r  s o l a r  d i s c  c e n t e r  @ 1 9 8 G H z

  TsunCenter=6.3  #  k i l o K e l v i n s ! ! !

  #  S o l a r  r a d i u s .

  Rsun=696000 # km

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    
  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  D e c  2 0 2 3  B a n d  5  o b s e r v a t i o n .

  x_h=928.0 #  a rcsec

  y_h=87.0  #  a rcsec

  #  Ea r t h -Sun  d i s t ance  f o r  Dec  2023  Band  5  obse rva t i on .

  Dsun=1.4723338439337283e8 # km

  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  #  A p p a r e n t  a n g u l a r  s o l a r  r a d i u s  i n  a r c s e c .

  r_sol=180.0* 3600.0* Rsun/ (Dsun* np.pi)
  
  #  m u = c o s ( t h e t a ) .  U s e d  f o r  l i m b - b r i g h t e n n i n g  c o r r e c t i o n  b e l o w .

  mu=np.sqrt(1.0- (x_h* * 2+y_h* * 2)/ r_sol* * 2)
  
  #  b _ 2 = 2 . 0 * a _ 2 ,  w h e r e  a _ 2  i s  t h e  t e m p e r a t u r e  d r o p  w i t h  f r e q u e n c y  i n  E q .  ( 4 )

  #  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  S c a l e d  t o  k i l o K e l v i n s !

  b_2= -1.127 #  =  2 x  ( - 5 6 3 . 5 K )  a s  p e r  T a b l e  2  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  #  B r i g h t n e s s  t e m p e r a t u r e  c o r r e c t e d  t o  l i m b  b r i g h t e n n i n g  -  s e e

  #  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  

  Tsun00=TsunCenter+0.5* b_2* np.log(mu) # kK

  #  R e f e r e n c e  f r e q u e n c y  f o r  t h e  s o l a r  s p e c t r u m :  W e  t a k e  t h e  L O  f r e q u e n c y  ( i n  H z )

  f_LO=1.98e11

  #-  Antenna

  #  R e a r - s p i l l o v e r  +  o h m i c  a n t e n n a  e f f i c i e n c y  ( s e e  T a b .  3  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  eta_l=0.95
  #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y  ( T a b .  3  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  #  W V R  h a s ,  u n l i k e  t h e  s c i - r e c e i v e r ,  o n - a x i s  r e c o r d i n g ,  m a y  h a v e  b e t t e r  e t a _ F .  

  eta_F=0.9

  #  E x t r a c t  a m b i e n t  &  h o t  t e m p e r a t u r e s  f o r  t h e  c u r r e n t  a n t e n n a  a n d  s c a n .

  #  I t  d e t e r m i n e s  t h e  r e a r - s p i l l o v e r  c o n t r i b u t i o n  t o  n o i s e .

  #  S c a l e d  t o  k i l o K e l v i n s ! ! !

  Tamb = 0.001* acdLoads[antID][atmScan]['amb']
  Thot = 0.001* acdLoads[antID][atmScan]['hot']

  #- Atmosphere

  
  # In i t ia l  guess o f  mean PWV: Scan-center  in terpo la ted ASDM_CALWVR va lue.

  pwv0=getPWVforAnt(vis,tgtScan,antID,myMsmd)['pwvAvg']

  #  S e t  i n i t i a l  e s t i m a t i o n  o f  P W V  t o  t h e  A T M  m o d e l .

  myAtm.setUserWH2O(qa.quantity(pwv0,'mm'))

  #  A i r m a s s  f o r  t h e  s o l a r  s c a n .
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  airMass=myAtm.getAirMass()

  #  P r i n t  t h e  i n i t i a l  e s t i m a t e s .  T e m p e r a t u r e  t o  b e  s c a l e d  f r o m  k i l o K e l v i n s  t o  K .

  print('....... Initial estimate')
  print('Mean PWV for scan,',tgtScan,' w0 = ',pwv0,'mm @airMass = ',airMass)
  print('Estimated T_B(full Sun) = ',1000.0* Tsun00,'K') #  s c a l e  t o  K e l v i n s .

  print('.......')

  #  T h e  M S  m e t a d a t a  h a s  b e e n  r e a d - o u t ,  w e  m a y  c l o s e  t h e  ( l o c a l )  t o o l s .

  i f (ownMsmd): myMsmd.done()

    
  #- -  Ex t rac t  WVR raw tempera tu res .

  
  # Raw WVR Tbs

  wTime,Twvr=wvr_dataRaw(vis,tgtScan,antID,ssType) 

  #  Ave rage  ove r  t ime .

  TwvrMean=np.mean(Twvr,axis=1)

  #  How many  t ime  samp les  a re  i n  th i s  scan?

  nSamples=Twvr.shape[1]

  #  H o w  m a n y  A T M  ( i . e .  i n  t h e  m o d e l )  s p w s  d o  w e  h a v e ?  I n  t h i s  c a s e  i t  i s

  # the same  as  a  number  o f  WVR channe ls .

  nAtmSPWs=myAtm.getNumSpectralWindows()

  #  How many  equa t i ons  do  we  ac tua l l y  have  pe r  b lock  o f  1  t ime-samp le?

  #  S o m e  W V R  c h a n n e l s  m a y  b e  f l a g g e d  ( t y p i c a l l y ,  t h e  c h a n n e l  0  i s  s a t u r a t e d ) .

  eqBlockSize=nAtmSPWs- len(flaggedWVRchannels)

  #-  Recons t ruc t  t he  sub -channe l  f requenc ies  fo r  ou r  ATM SPWs.

  #   W e  n e e d  t h e m  f o r  p r o p e r  s c a l i n g  o f  t h e  s o l a r - i l l u m a n t i o n  s p e c t r u m .

  
  # We have the same number of  sub-channels for  a l l  WVR-channel  ATM SPWs.

  #  F o r t u n a t e l l y ,  b e c a u s e  P y t h o n  i s  i n c a p a b l e  o f  c r e a t i n g  a  v e c t o r  o f  v e c t o r s ,

  #  w h i c h  w o u l d  h a v e  d i f f e r e n t  s i z e s ,  o n l y  r e c t a n g u l a r  m a t r i x  i s  O K  : - (

  nChans=myAtm.getNumChan(0)

  # Frequenc ies  fo r  sub-channe ls  in  our  ATM SPWs.

  wvrFreqs=np.zeros((nAtmSPWs,nChans))

  f o r wC i n range(nAtmSPWs):
    
      fMin=myAtm.getMinFreq(wC)['value'][0]* 1.0e9 # GHz to Hz

      df=myAtm.getChanSep(wC)['value'][0]* 1.0e6   # MHz to Hz

      
      wvrFreqs[wC]=fMin+df* np.arange(nChans)

  # - -  A r r a y s  f o r  c a l c u l a t i o n s  o f  t h e  m a t r i x  a n d  t h e  R H S - v e c t o r  c o m p o n e n t s

  #    o f  t h e  l i n e a r i z e d  s y s t e m  t h a t  d e p e n d  j u s t  o n  t h e  m o d e l s  ( A T M  +  q u i e t  S u n ) .

  #    No te :  I n  t h i s  case ,  when  we  have  1 - t o -1  co r respondence  be tween  t he  mode l

  #    a n d  d a t a  S P W s ,  w e  a c t u a l l y  n e e d  n o t  t o  s t o r e  t h e  p e r - s p w  v a l u e s  t o  a r r a y s .

  #   Bu t  we  keep  the  s t ruc tu re  o f  sc i -SPW approach  in  dWdB_TBs( )  and  dWdBdG() .

  
  # Atmosphere  (+CMB)  br igh tness  tempera tu re  fo r  PWV=w0 and i t s  s lope .



2.10.2026 sol_wvgcal.py 228

file:///home/barta/ALMAsol/sol_wvgcal.py

  #  P l a c e - h o l d e r s ,  t o  b e  c a l c u l a t e d  i n s i d e  i t e r a t i o n s .

  TbsW0=np.zeros((nAtmSPWs,nChans))
  dTdW=np.zeros((nAtmSPWs,nChans))

  #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .  P l a c e - h o l d e r s .

  trans=np.zeros((nAtmSPWs,nChans))
  tau_1=np.zeros((nAtmSPWs,nChans))

  #  Ave rage  So la r -F lux  spec t rum:  QSR mode l  no rma l i sed  to  1 .0  a t  f = f_LO.

  SF=1.0+b_2/ Tsun00* np.log(wvrFreqs/ f_LO)

  # - - -  S o l v e  t h e  l i n e a r i s e d  s e t  o f  e q u a t i o n s  f o r  d W  a n d  d B  v a r i a t i o n s .

  #     I t e r a t e  u n t i l  t h e y  h a v e  n e g l i g i b l e  m e a n  v a l u e  ( s c a n - a v e r a g e ) .

  # - -  I t e r a t i o n  s e t u p

  #  H a l f  d w  f o r  t h e  e s t i m a t i o n  o f  t h e  d T s k y / d w  b y  c e n t e r r e d  d i f f e r e n c e .

  dws=0.05

  #  S t o p p e r s  f o r  i t e r a t i v e  s o l u t i o n :  W e  s h o u l d  g e t  l e s s  t h e n  t h e s e  v a l u e s .

  dwMean_max=0.01   # mm

  dbMean_max=0.001  #  k i l o K e l v i n

  #  I n i t i a l  v a l u e s  f o r  t h e  d W  a n d  d L  m e a n s  -  a n y t i n g  b i g g e r  t h e n  t h e  s t o p p e r s .

  dW_mean=0.5
  dB_mean=0.5

  #  I t e r a t i o n  c o u n t e r .

  itCount=0

  #  S e t  t h e  s t a r t i n g  v a l u e s  f o r  i t e r a t i o n s .

  w0=pwv0
  #  F rom dWdLs ( )  we  es t ima te  t he  so la r  con tam ina t i on  ~100K  =  0 .1kK  i n  t he

  #  on -sou rce  subscans .  The  o f f - sou rce  shoud  be  con tam ina t i on - f r ee .

  i f  (ssType=='on'):
    Tsun0=0.1 #  k i l o K e l v i n s

  else:
    Tsun0=0.0 #  n o  i l l u m i n a t i o n

  # - -  I t e r a t i o n s :  M i n i m i z e  t h e  m e a n  v a l u e  o f  v a r i a t i o n s .

  
  while(((abs(dW_mean) > dwMean_max) or (abs(dB_mean) > dbMean_max))
        and (itCount< 20)):

    # - -  P r e p a r e / r e s e t  t h e  l i n e a r i z e d  s y s t e m  o f  e q u a t i o n s .

    # -  R e p e a t i n g  b l o c k s / t i l e s  f o r  e a c h  t i m e - s a m p l e

    
    #  O u r  J a c o b i a n  c o n t a i n s  j u s t  N - b l o c k s  f o r  [ d W , d T ]  ' n a t u r a l '  v a r i a b l e s .

    JJ=np.zeros((eqBlockSize,2)) #  2  v a r s  r e p e a t i n g  i n  n o n - f l a g g e d  w v r C h a n s

    #  R H S  v e c t o r  f o r  a l l  t i m e  s a m p l e s  s t a c k e d  a s  a  m a t r i x .

    CC=np.zeros((eqBlockSize,nSamples))

    #  So lu t i on  res idua  fo r  each  used  WVR channe l .

    resT={}
    #  M a p p i n g  t h e  W V R  c h a n n e l  t o  t h e  i n d e x  o f  e q u a t i o n  i n  t h e  s y s t e m .

    spw2row={}
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    #- Re-calculate ATM model  wi th updated <PWV> 

    
    #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .

    myAtm.setUserWH2O(qa.quantity(w0,'mm'))

    #  Count  the  ac tua l  number  o f  equa t ions  -  some WVR channe ls  may  be  f lagged .

    eqCount=0

    #-  Loop  ove r  4  ATM spws  -  t hese  d i rec t l y  co r respond  to  4  WVR channe ls

    f o r atmSPW i n range(nAtmSPWs):

      # -  M o d e l  v a l u e  o f  t h e  s k y / a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

      Tebb=myAtm.getTebbSkySpec(atmSPW, qa.quantity(w0,'mm'))[1]['value']
      #  S c a l e  t o  k i l o K e l v i n s .

      TbsW0[atmSPW]=0.001* Tebb

      # -  S l o p e  ( c e n t e r e d  d i f f e r e n c e )  o f  t h e  a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

      TebbH=myAtm.getTebbSkySpec(atmSPW,
                                 qa.quantity(w0+dws,'mm'))[1]['value']
      TebbL=myAtm.getTebbSkySpec(atmSPW,
                                 qa.quantity(w0- dws,'mm'))[1]['value']

      #  I n  k i l o K e l v i n s / m m

      dTdW[atmSPW]=0.001* (TebbH- TebbL)/ (2.0* dws)

      # -  O p a c i t i e s  &  t r a n s m i s i v i t y .

    
      #  D r y  z e n i t h  o p a c i t y

      tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
      #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

      tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
      #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

      opacity=airMass* (tau_wet+tau_dry)
     
      #  T r a n s m i s s i v i t y  ( s p e c t r a l ) .  

      trans[atmSPW]=np.exp(- opacity)
      # Wet  opac i ty  per  1mm PWV sca led by a i rmass.  

      tau_1[atmSPW]=(airMass/ w0)* tau_wet

      # -  M o d e l  ( _ M )  f a c t o r s .

      #  T e b b  a n d  i t s  s l o p e .

      TbsW0_M=TbsW0[atmSPW]
      dTdW_M=dTdW[atmSPW]

      #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .

      trans_M=trans[atmSPW]
      tau_1M=tau_1[atmSPW]

      #  S o l a r - f l u x  m o d e l  s p e c t r u m  ( n o r m a l i z e d ) .

      SF_M=SF[atmSPW]

      # -  M o d e l  +  a n t e n n a  e f f i c i e n c i e s  c o m b i n e d .

      
      #  S e n s i t i v i t y  f a c t o r  f o r  P W V .

      SW=(- eta_l* eta_F* Tsun0* np.mean(trans_M* tau_1M* SF_M)
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            +(1.0- eta_F+eta_F* eta_l)* np.mean(dTdW_M))
      
      #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r  i l l u m i n a t i o n  t e m p e r a t u r e .

      SB=eta_l* eta_F* np.mean(trans_M* SF_M)
      
      #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  u n i f o r m  s p e c t r a l  g a i n .

      Tsky=(eta_l* eta_F* Tsun0* np.mean(trans_M* SF_M)
            +(1.0- eta_F+eta_F* eta_l)* np.mean(TbsW0_M)
            +eta_F* (1.0- eta_l)* Tamb)

      
      # -  B u i l d  t h e  e q u a t i o n s  o n l y  f o r  t h e  n o n - f l a g g e d  c h a n n e l s .

      i f (atmSPW not i n flaggedWVRchannels):
 
        # -  B u i l d  t h e  m a t r i x :  O n l y  t h e  n a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .

     
        #  S e t  t h e  s e n s i t i v i t y  f a c t o r s  f o r  t h e  c u r r e n t  A T M  S P W  a s  a  r o w

        #  i n  t h e  b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

        JJ[eqCount]=np.array([SW,SB])
        
        # -  B u i l d  t h e  R H S  v e c t o r :  T a r g e t  d a t a

        
        #  R H S :  T w v r ( t )  w i t h  t h e  s t a t i o n a r y  ( i n  t h e  w o r k i n g  p o i n t )  A T M - b a s e d  p a r t

        #  s u b t r a c t e d .  R e s c a l e  T w v r  t o  k i l o K e l v i n .

        dTw=0.001* Twvr[atmSPW]- Tsky
        
        #  Se t  i t  as  t he  RHS componen t .

        CC[eqCount]=dTw
      
        #  Res idua  o f  sky  t empera tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

        resT[atmSPW]=dTw.mean()

        # Mapping between ATM SPW and equation number.

        spw2row[atmSPW]=eqCount
        eqCount+=1
        
      else: print('Ignoring flagged ',atmSPW,' WVR channel.')
      # - - >  e n d i f ( n o t  f l a g g g e d )

      
    #--> endfor(ATM SPWs)

    #  N o w ,  t h e  e q C o u n t  s h o u l d  b e  t h e  s a m e  a s  e q B l o c k S i z e .  J u s t  c h e c k  i t .

    i f (eqCount ! = eqBlockSize):
      print("******* Ooops, something is wrong !*******")
      print("   The expected number of equations does not correspond to the")
      print("   number of measured and non-flagged SPWs/polarization channels.")
      return False

    # - -  S o l u t i o n  o f  t h e  s y s t e m  o f  l i n e a r i s e d  e q u a t i o n s .  

    
    #  Transposed  mat r i ces .

    JJ_T=np.transpose(JJ)

    #  Q u a d r a t i c - f o r m  m a t r i x  2 x 2  ( w e  h a v e  t w o  v a r i a b l e s ) .

    J_KK=np.matmul(JJ_T,JJ)
    
    # Modi f ied RHS (nVars x nTimeSamples)



2.10.2026 sol_wvgcal.py 231

file:///home/barta/ALMAsol/sol_wvgcal.py

    C_KK=np.matmul(JJ_T,CC)

  
    i f (solIllumination):
      #  W e  a l l o w  f o r  v a r i a b l e  s o l a r  i l l u m i n a t i o n  a n d  n e e d  t o  s o l v e  i t ,  t o o .

      #  S o l v e  t h e  n V a r s x  x  n V a r s  s e t  o f  s o  c a l l e d  n o r m a l  e q u a t i o n s .

      #  C_KK rep resen ts  t he  nT imeSamp les  co lumn  vec to rs ,  t he  so lu t i on  i s

      #  o f  t he  f o rm  2  x  nT imeSamp les .

      varVec=np.linalg.solve(J_KK,C_KK)

    else:
      #  T h e  o f f - s u b s c a n s  a r e  2  d e g s  o f  t h e  S u n ,  t h e  i l l u m i n a t i o n  s h o u l d  b e  z e r o .

      C_KK[1]=0.0    
      varVec=C_KK/ J_KK[0,0]
    # - - >  e n d i f ( o n / o f f  s u b s c a n )

      
    #  Decompose  the  so lu t ion  vec to r  to  ou r  componen ts  dW,  dBxx ,  and  dByy .

    
    dW=varVec[0]
    dB=varVec[1]

    # -  A l l  v a r i a t i o n s  s h o u l d  t e n d  t o  z e r o  m e a n s .

    dW_mean=dW.mean()
    dB_mean=dB.mean()
    
    #  U p d a t e  s t a t i o n a r y  p a r t  o f  P W V  a n d  s o l a r  T _ B   b y  m e a n s  o f  t h e i r  v a r i a t i o n s .

    w0+=dW_mean
    Tsun0+=dB_mean

    #-  Convergence  d iagnos t i cs .

    
    itCount+=1
    
    #  U p d a t e d  s c a n - a v e r a g e d  P W V  a n d  s o l .  i l l u m i n a t i o n  a f t e r  c o m p l e t e d  i t e r a t i o n .

    print('....... After iteration no. ',itCount)
    print('Mean PWV for the scan,',tgtScan,' w0 = ',w0,"mm"
          ", mean Tsun(illumination) = ",1000.0* Tsun0,"K") #  s c a l e  t o  K e l v i n s

   
    #  M e a n  v a l u e s  o f  d W  a n d  d B  f l u c t u a t i o n s  s h o u l d  t e n d  t o  z e r o .

    print("dW mean: ",dW_mean)
    print("dB mean: ",dB_mean)

    #  S k y - b r i g h t n e s s  r e s i d u a  s h o u l d  t e n d  t o  z e r o ,  t o o .

    #  C o n v e r t  t h e  s p w I d  m a p s  t o  n p . a r r a y s  f i r s t .  W e  h a v e  t o  g o  v i a  ' l i s t ' .

    resTArr=np.array(list(resT.values()))
  
    print("res T: ", resT,"mean +/- RMS: ",resTArr.mean(),"+/-",resTArr.std())
   
    print('.......')

  #- ->  endwhi le (non-zero-means)     

  # - -  D i a g n o s t i c  p l o t s .

  #    M a k e  a  p l o t  c o m p a r i n g  t h e  m e a s u r e d  f l u c t u a t i o n s ,  t h e i r  p a r t  a t t r i b u t e d  t o

  #    t h e  i n t r i n s i c  b r i g h t n e s s  c h a n g e s ,  a n d  e r r o r  i n  e q s - s y s t e m  s o l u t i o n .

  # - S e t  t h e  p l o t t i n g  d e v i c e .
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  plt.rcParams["figure.figsize"] = (15,15)
  #  X - a x i s  l a b e l

  plt.xlabel('Time [MJDsec]')
  #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+str(antID))

  # Color-map for  WVR-channels/ATM-SPWs 0 -  3.

  csline={0:'-r',1:'-g',2:'-b',3:'-k'}
  
  # -  M a k e  t h e  * a n a l y t i c a l *  p l o t s  -  l e a s t - s q u a r e  r e s i d u a l s  e t c .

  #  S u b t r a c t  ' t h e o r e t i c a l '  a n d  r e a l  s k y + s r c  t e m p e r a t u r e  v a r i a t i o n s .

  errVec=np.matmul(JJ,varVec)- CC

  f o r spw,eqRow i n spw2row.items():
    #  R e s i d u a l s / e r r o r s  a s  t e m p e r a t u r e  i n  K e l v i n s .

    plt.plot(wTime,1000.0* errVec[eqRow],csline[spw])

  # -  S a v e  t h e  p l o t s  t o  a  f i l e  a n d  c l o s e .

  plt.savefig(plotDir+'/errs_ant_'+str(antID)+'.png')  
  plt.show() 
  plt.close()

  # - -  M a k e  t h e  f u l l  * s o l u t i o n *  p l o t s :  P W V ( t )  a n d  T s u n ( t ) .

  #  A d d  v a r i a t i o n s  t o  t h e  m e a n  ( s c a n - a v e r a g e d )  v a l u e s .

  #  S c a l e  t h e  s o l a r  i l l u m i n a t i o n  t e m p e r a t u r e  f o r m  k i l o K e l v i n s  t o  K e l v i n s .

  pwv=w0+dW # mm

  Tsun=1000.0* (Tsun0+dB) # K

  #  S e t  t h e  s i z e  o f  t h e  p l o t

  plt.rcParams["figure.figsize"] = (10,5)
  #  M a k e  s l o w - W V  a n d  f a s t - W V  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

  ff,(sp1,sp2)=plt.subplots(1,2)
  #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+str(antID))

  #  L e f t  p a n e l :  F a s t  v a r i a t i o n s  -  a p p a r e n t  t a r g e t  b r i g h t n e s s

  sp1.plot(wTime,Tsun,'-r')

  #  R i g h t  p a n e l :  S l o w  v a r i a t i o n s  -  t o t a l  P W V  ( c o m p r e s s i o n  +  h u m i d i t y ) .  

  sp2.plot(wTime,pwv,'-g')
  
  plt.savefig(plotDir+'/dWdB/dWdB_ant_'+str(antID)+'.png')  
  plt.show() 
  plt.close()

  # - -  E x p o r t  r e s u l t i n g  d a t a  i n  ' c o n f o r m i n g '  f o r m a t .

  return {'time':wTime,'pwv':pwv,'T_B':Tsun,'J':JJ,'C':CC}
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdLs3(vis,myAtm,antID,tgtScan,
           flaggedWVRchannels=[],ssType='',solIllumination=True,
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           myMsmd=None,acdLoads=None):

  " " "

  N o t  s t r i c t l y  s p e c i f i c  f o r  t h e  p r o j e c t  2 0 2 2 . 1 . 0 0 0 2 3 . C S V  ( B a n d  5  d a t a ) ,

  b u t  f o r  t h e  o t h e r  B a n d  5  d a t a s e t s  i t  g i v e s  n o n s e n s e  f o r  t h e  s o l a r  o n - s o u r c e

  subscan  because  o f  t he  WVR sa tu ra t i on  ( on l y  t he  above  men t i oned  p ro j ec t

  i s  ' l u c k y '  a s  t h e  W V R  h a s  b e e n  p o i n t i n g  s l i g t h l y  o f f - l i m b  -  s e e  d W d L s ( ) . )

  

  A n  e x t e n d e d  v e r s i o n  o f  d W d L s 2 ( ) :  S i m i l a r l y  t o  d W d B d G ( )  w e  n o w  a l l o w  f o r

  l i m i t e d  c o r r e c t i o n s  o f  t h e  ' g a i n s '  a n d  ' i n t r u m e n t a l  o f f s e t s '  o f  W V R

  r a d i o m e t e r s .  T h e  r e a s o n  i s  s i m i l a r  t o  t h e  s c i - S P W  d a t a :  T h e  c a l i b r a t i o n

  i s  n o t  e x a c t  a n d  t h e  g a i n s  m a y  b e  w r o n g  w i t h i n  a  c o u p l e  o f  p e r c e n t s .

  C o m b i n a t i o n  w i t h  t h e  s c i e n c e  d a t a  c a n  h e l p  t o  f i x  t h e s e  l i t t l e  d i s c r e p a n c i e s .

  S ince  the  WVR da ta  con ta in  a l ready  ACD-ca l i b ra ted  tempera tu res ,  we  have

  j u s t  a  r e l a t i v e  g a i n s  ( c l o s e  t o  1 . 0 )  a n d  o f f s e t s  ( c l o s e  t o  0 . 0 )  t o  b e c o m e

  n e w  i n s t r u m e n t a l  v a r i a b l e s  o f  t h e  s y s t e m .  T h e  ' A C D '  c a l i b r a t i o n  e q u a t i o n s

  t h u s  t a k e  t h e  f o r m :

  G*Tamb+P_i=Tamb

  G*Thot+P_i=Thot

  I f  l e f t  a l o n e ,  t h e y  h a v e  s o l u t i o n  G = 1 . 0 ,  P _ i = 0 . 0 .  B u t  n o w  t h e y  a r e  u s e d  i n

  c o m b i n a t i o n  w i t h  t h e  s c i e n c e  d a t a  i n  t h e  g r a n d - s y s t e m  l i k e  i n  d W d B d G ( ) .

  " " "

  # - - -  S t a t i c  p a r a m e t e r s

  # -  I / O

  #  I n p u t  d a t a  f r o m  t h e  A T M  s c a n  p r e c e d i n g  t h e  s o l a r  s c a n .

  atmScan=tgtScan- 1
  
  #  O u t p u t / d i a g n o s t i c s  p l o t s .

  plotDir='./wvr_decomp_G'
  i f (not os.path.exists(plotDir)): os.makedirs(plotDir)
  i f (not os.path.exists(plotDir+'/dWdB')): os.makedirs(plotDir+'/dWdB')

  # -  T o o l s ,  g l o b a l  d a t a

  
  #  F l a g s  u s e d  t o  c h e c k ,  w h e t h e r  w e  s h o u l d  c l o s e  t h e  t o o l  l a t e r .

  ownMsmd=False

  i f (not myMsmd):
    # Open the  msmd too l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True
    
  #  C r e a t e  o u r  d i c t i o n a r y  w i t h  A C D  l o a d  t e m p e r a t u r e s  ( a m b i e n t ,  h o t )  i f  n e e d e d .

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis, doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)

  # -  T a r g e t
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  #  I n i t i a l  g u e s s  o f  t h e  s o l a r  b r i g h t n e s s  t e m p e r a t u r e .

  #  S D  c a l i b r a t i o n  s c r i p t :  R e f e r e n c e  T _ b  f o r  s o l a r  d i s c  c e n t e r  @ 1 9 8 G H z

  TsunCenter=6.3  #  k i l o K e l v i n s ! ! !

  #  S o l a r  r a d i u s .

  Rsun=696000 # km

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    
  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  J u l y  3 0  2 0 2 6 B a n d  5  o b s e r v a t i o n .

  ' ' '

  T a r g e t :         R A = 0 8  3 7  1 8 . 0 1  D E C = + 1 8  3 1  2 3 . 0

  Sun  cen te r :     RA=08 38  15 .79  DEC=+18 28  47 .2

  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

  d i f f  ( a r c s e c ,  i n c l .  c o s ( d e l t a ) ) :  8 2 2    1 5 5 . 8

  ' ' '

  x_h=822.0 #  a rcsec

  y_h=155.8  #  a rcsec

  
  #  E a r t h - S u n  d i s t a n c e  f o r  J u l y  3 0  2 0 2 6  B a n d  5  o b s e r v a t i o n .

  Dsun=1.01508611721886* 149597870.700 # km

  
  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  #  A p p a r e n t  a n g u l a r  s o l a r  r a d i u s  i n  a r c s e c .

  r_sol=180.0* 3600.0* Rsun/ (Dsun* np.pi)
  
  #  m u = c o s ( t h e t a ) .  U s e d  f o r  l i m b - b r i g h t e n n i n g  c o r r e c t i o n  b e l o w .

  mu=np.sqrt(1.0- (x_h* * 2+y_h* * 2)/ r_sol* * 2)
  
  #  b _ 2 = 2 . 0 * a _ 2 ,  w h e r e  a _ 2  i s  t h e  t e m p e r a t u r e  d r o p  w i t h  f r e q u e n c y  i n  E q .  ( 4 )

  #  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  S c a l e d  t o  k i l o K e l v i n s !

  b_2= -1.127 #  =  2 x  ( - 5 6 3 . 5 K )  a s  p e r  T a b l e  2  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  #  B r i g h t n e s s  t e m p e r a t u r e  c o r r e c t e d  t o  l i m b  b r i g h t e n n i n g  -  s e e

  #  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  

  Tsun00=TsunCenter+0.5* b_2* np.log(mu) # kK

  #  R e f e r e n c e  f r e q u e n c y  f o r  t h e  s o l a r  s p e c t r u m :  W e  t a k e  t h e  L O  f r e q u e n c y  ( i n  H z )

  f_LO=1.98e11

  #-  Antenna

  #  R e a r - s p i l l o v e r  +  o h m i c  a n t e n n a  e f f i c i e n c y  ( s e e  T a b .  3  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  eta_l=0.95
  #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y  ( T a b .  3  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  #  W V R  h a s ,  u n l i k e  t h e  s c i - r e c e i v e r ,  o n - a x i s  r e c o r d i n g ,  m a y  h a v e  b e t t e r  e t a _ F .  

  eta_F=0.9

  #  E x t r a c t  a m b i e n t  &  h o t  t e m p e r a t u r e s  f o r  t h e  c u r r e n t  a n t e n n a  a n d  s c a n .

  #  I t  d e t e r m i n e s  t h e  r e a r - s p i l l o v e r  c o n t r i b u t i o n  t o  n o i s e .

  #  S c a l e d  t o  k i l o K e l v i n s ! ! !

  Tamb = 0.001* acdLoads[antID][atmScan]['amb']
  Thot = 0.001* acdLoads[antID][atmScan]['hot']

  #  H o w  s t r o n g l y  w e  i n s i s t  o n  c a l i b r a t i o n  s o l u t i o n  G = 1 . 0 ,  P _ i n s t = 0 . 0 .

  # See comment in dWdBdG().
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  #  The  used  va lue  has  been  found  exper imen ta l l y  v ia  dWdLs3_ca lWe igh t ( ) .

  calWeight=7.0

  #- Atmosphere

  #  H o w  m a n y  A T M  ( i . e .  i n  t h e  m o d e l )  s p w s  d o  w e  h a v e ?  I n  t h i s  c a s e  i t  i s

  # the  same as  the  number  o f  the  WVR channe ls .

  nAtmSPWs=myAtm.getNumSpectralWindows()

  # In i t ia l  guess o f  mean PWV: Scan-center  in terpo la ted ASDM_CALWVR va lue.

  pwv0=getPWVforAnt(vis,tgtScan,antID,myMsmd)['pwvAvg']

  #  S e t  i n i t i a l  e s t i m a t i o n  o f  P W V  t o  t h e  A T M  m o d e l .

  myAtm.setUserWH2O(qa.quantity(pwv0,'mm'))

  #  A i r m a s s  f o r  t h e  s o l a r  s c a n .

  airMass=myAtm.getAirMass()

  #  P r i n t  t h e  i n i t i a l  e s t i m a t e s .  T e m p e r a t u r e  t o  b e  s c a l e d  f r o m  k i l o K e l v i n s  t o  K .

  print('....... Initial estimate')
  print('Mean PWV for scan,',tgtScan,' w0 = ',pwv0,'mm @airMass = ',airMass)
  print('Estimated T_B(full Sun) = ',1000.0* Tsun00,'K') #  s c a l e  t o  K e l v i n s .

  print('.......')

  # We do not  need the msmd too l  anymore.

  i f (ownMsmd): myMsmd.done()

  
  #- -  Ex t rac t  WVR raw tempera tu res .

  
  # Raw WVR Tbs

  wTime,Twvr=wvr_dataRaw(vis,tgtScan,antID,ssType) 

  #  Ave rage  ove r  t ime .

  TwvrMean=np.mean(Twvr,axis=1)
  #  S tddevs  pe r  channe l .

  TwvrRMS=np.std(Twvr,axis=1)

  # - -  F l a g  a n d  r e m o v e  c l e a r  o u t l i e r s .

  
  #  F i n d  a l l  a r r a y  i n d i c e s ,  f o r  w h i c h  d a t a  i n  a t  l e a s t  o n e  o f  t h e  v a l i d

  #  W V R  c h a n n e l s  a r e  o u t  o f  3  s i g m a  i n t e r v a l .

  validWvrChans=np.delete(range(nAtmSPWs),flaggedWVRchannels)

  f o r SPW i n validWvrChans:
    #  O u t l i e r s  (  >  3  s i g m a )  i n  t h e  c u r r e n t  S P W .

    badData=np.flatnonzero(abs(Twvr[SPW]- TwvrMean[SPW])>3.0* TwvrRMS[SPW])
    i f (badData.size):
      print('Flagged in WVR channel no.',SPW,': Data in times ',wTime[badData],
            ', bad temperatures T=',Twvr[SPW,badData])
    
      #  D e l e t e  d a t a  a t  b a d - d a t a  i n d i c e s  i n  * a l l *  W V R  c h a n n e l s ,  s o  t h a t  t h e  d a t a

      #  rema in  homogeneous  i n  t ime .  Make  the  t ime  ax i s  con fo rman t .  

      Twvr=np.delete(Twvr,badData,axis=1)
      wTime=np.delete(wTime,badData)    
  #- ->  end fo r (va l i d  WVR chans )

  # - -  F i n d  d i m e n s i o n s  o f  t h e  s y s t e m .
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  #  H o w  m a n y  t i m e  s a m p l e s  a r e  i n  t h i s  s c a n  ( a f t e r  f l a g g i n g ) ?

  nSamples=Twvr.shape[1]

  #  How many  equa t i ons  do  we  ac tua l l y  have  pe r  b lock  o f  1  t ime-samp le?

  #  S o m e  W V R  c h a n n e l s  m a y  b e  f l a g g e d  ( t y p i c a l l y ,  t h e  c h a n n e l  0  i s  s a t u r a t e d ) .

  eqBlockSize=nAtmSPWs- len(flaggedWVRchannels)

  # -  R e l a t i v e  g a i n s  a n d  i n s t r .  o f f s e t s  -  o n e  p e r  W V R  c h a n n e l ,  n o  p o l a r i z a t i o n .

  #  G a i n s  t o  b e  i n i t i a l i s e d  t o  t h e i r  e x p e c t e d  v a l u e  o f  1 . 0 .

  Grw=np.ones(nAtmSPWs)
  #  O f f s e t s  s h o u l d  b e  c l o s e  t o  0 . 0 .

  Piw=np.zeros(nAtmSPWs)
  
  #-  Recons t ruc t  t he  sub -channe l  f requenc ies  fo r  ou r  ATM SPWs.

  #   W e  n e e d  t h e m  f o r  p r o p e r  s c a l i n g  o f  t h e  s o l a r - i l l u m a n t i o n  s p e c t r u m .

  
  # We have the same number of  sub-channels for  a l l  WVR-channel  ATM SPWs.

  #  F o r t u n a t e l l y ,  b e c a u s e  P y t h o n  i s  i n c a p a b l e  o f  c r e a t i n g  a  v e c t o r  o f  v e c t o r s ,

  #  w h i c h  w o u l d  h a v e  d i f f e r e n t  s i z e s ,  o n l y  r e c t a n g u l a r  m a t r i x  i s  O K  : - (

  nChans=myAtm.getNumChan(0)

  # Frequenc ies  fo r  sub-channe ls  in  our  ATM SPWs.

  wvrFreqs=np.zeros((nAtmSPWs,nChans))

  f o r wC i n range(nAtmSPWs):
    
      fMin=myAtm.getMinFreq(wC)['value'][0]* 1.0e9 # GHz to Hz

      df=myAtm.getChanSep(wC)['value'][0]* 1.0e6   # MHz to Hz

      
      wvrFreqs[wC]=fMin+df* np.arange(nChans)

  # - -  A r r a y s  f o r  c a l c u l a t i o n s  o f  t h e  m a t r i x  a n d  t h e  R H S - v e c t o r  c o m p o n e n t s

  #    o f  t h e  l i n e a r i z e d  s y s t e m  t h a t  d e p e n d  j u s t  o n  t h e  m o d e l s  ( A T M  +  q u i e t  S u n ) .

  #    No te :  I n  t h i s  case ,  when  we  have  1 - t o -1  co r respondence  be tween  t he  mode l

  #    a n d  d a t a  S P W s ,  w e  a c t u a l l y  n e e d  n o t  t o  s t o r e  t h e  p e r - s p w  v a l u e s  t o  a r r a y s .

  #   Bu t  we  keep  the  s t ruc tu re  o f  sc i -SPW approach  in  dWdB_TBs( )  and  dWdBdG() .

  
  # Atmosphere  (+CMB)  br igh tness  tempera tu re  fo r  PWV=w0 and i t s  s lope .

  #  P l a c e - h o l d e r s ,  t o  b e  c a l c u l a t e d  i n s i d e  i t e r a t i o n s .

  TbsW0=np.zeros((nAtmSPWs,nChans))
  dTdW=np.zeros((nAtmSPWs,nChans))

  #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .  P l a c e - h o l d e r s .

  trans=np.zeros((nAtmSPWs,nChans))
  tau_1=np.zeros((nAtmSPWs,nChans))

  #  Ave rage  So la r -F lux  spec t rum:  QSR mode l  no rma l i sed  to  1 .0  a t  f = f_LO.

  SF=1.0+b_2/ Tsun00* np.log(wvrFreqs/ f_LO)

  
  # - - -  S o l v e  t h e  l i n e a r i s e d  s e t  o f  e q u a t i o n s  f o r  d W  a n d  d B  v a r i a t i o n s .

  #     I t e r a t e  u n t i l  t h e y  h a v e  n e g l i g i b l e  m e a n  v a l u e  ( s c a n - a v e r a g e ) .

  # - -  I t e r a t i o n  s e t u p

  #  H a l f  d w  f o r  t h e  e s t i m a t i o n  o f  t h e  d T s k y / d w  b y  c e n t e r r e d  d i f f e r e n c e .
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  dws=0.05

  #  S t o p p e r s  f o r  i t e r a t i v e  s o l u t i o n :  W e  s h o u l d  g e t  l e s s  t h e n  t h e s e  v a l u e s .

  dwMean_max=0.01   # mm

  dbMean_max=0.001  #  k i l o K e l v i n

  #  I n i t i a l  v a l u e s  f o r  t h e  d W  a n d  d L  m e a n s  -  a n y t i n g  b i g g e r  t h e n  t h e  s t o p p e r s .

  dW_mean=0.5
  dB_mean=0.5

  #  I t e r a t i o n  c o u n t e r .

  itCount=0

  #  S e t  t h e  s t a r t i n g  v a l u e s  f o r  i t e r a t i o n s .

  w0=pwv0
  #  F rom dWdLs ( )  we  es t ima te  t he  so la r  con tam ina t i on  ~100K  =  0 .1kK  i n  t he

  #  on -sou rce  subscans .  The  o f f - sou rce  shoud  be  con tam ina t i on - f r ee .

  i f  (ssType=='on'):
    Tsun0=0.1 #  k i l o K e l v i n s

  else:
    Tsun0=0.0 #  n o  i l l u m i n a t i o n

  # - -  I t e r a t i o n s :  M i n i m i z e  t h e  m e a n  v a l u e  o f  v a r i a t i o n s .

  
  while(((abs(dW_mean) > dwMean_max) or (abs(dB_mean) > dbMean_max))
        and (itCount< 20)):

    # - -  P r e p a r e / r e s e t  t h e  l i n e a r i z e d  s y s t e m  o f  e q u a t i o n s .

    # -  R e p e a t i n g  b l o c k s / t i l e s  f o r  e a c h  t i m e - s a m p l e

    #  N - b l o c k s :  J a c o b i a n - p a r t  f o r  t h e  [ d W , d T ]  ' n a t u r a l '  v a r i a b l e s .

    i f (solIllumination):
      #  S o l v e  f o r  b o t h  d W  a n d  d B  -  w e  a l l o w  f o r  v a r y i n g  s o l a r  i l l u m i n a t i o n .

      J_wb=np.zeros((eqBlockSize,2)) #  2  v a r s  r e p e a t i n g  i n  n o n - f l a g g e d  w v r C h a n s

    else:
      #  S o l a r  i l l u m i n a t i o n  s h o u l d  b e  z e r o ,  s o l v e  f o r  d W  s o l e l y .

      J_wb=np.zeros((eqBlockSize,1)) #  1  v a r  r e p e a t i n g  i n  n o n - f l a g g e d  w v r C h a n s

  
    #  G - b l o c k  m a t r i x :  J - p a r t  f o r  [ d G , d P _ i n s t ]  ' i n s t r u m e n t a l '  v a r i a b l e s .

    J_gp=np.zeros((eqBlockSize,2* eqBlockSize)) # 2  vars  per  each WVR channe l .

    #  A - b l o c k  m a t r i x :  J - p a r t  f o r  [ d G , d P _ i n s t ]  f o r  W V R  " c a l i b r a t i o n "  e q u a t i o n s .

    J_cdA=np.zeros((eqBlockSize,2* eqBlockSize)) # 2  vars  per  WVR channe l ,  amb.  

    J_cdH=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  va rs  pe r  WVR channe l ,  ho t .

    
    #  R H S  v e c t o r  f o r  a l l  t i m e  s a m p l e s  s t a c k e d  a s  a  m a t r i x .

    CC=np.zeros((eqBlockSize,nSamples))
    
    #  R H S - v e c t o r  ' a p p e n d i x '  -  a m b .  &  h o t  ' c a l i b r a t i o n  p o w e r s '  ( t i m e - a v e r a g e d ) .

    CCA=np.zeros((eqBlockSize,1))
    CCH=np.zeros((eqBlockSize,1))
   
    #  So lu t i on  res idua  fo r  each  used  WVR channe l .

    resT={}
    #  M a p p i n g  t h e  W V R  c h a n n e l  t o  t h e  i n d e x  o f  e q u a t i o n  i n  t h e  s y s t e m .
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    spw2row={}

    
    #- Re-calculate ATM model  wi th updated <PWV> 

    
    #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .

    myAtm.setUserWH2O(qa.quantity(w0,'mm'))

    #  Count  the  ac tua l  number  o f  equa t ions  -  some WVR channe ls  may  be  f lagged .

    eqCount=0

    #-  Loop  ove r  4  ATM spws  -  t hese  d i rec t l y  co r respond  to  4  WVR channe ls

    f o r atmSPW i n range(nAtmSPWs):

      # -  M o d e l  v a l u e  o f  t h e  s k y / a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

      Tebb=myAtm.getTebbSkySpec(atmSPW, qa.quantity(w0,'mm'))[1]['value']
      #  S c a l e  t o  k i l o K e l v i n s .

      TbsW0[atmSPW]=0.001* Tebb

      # -  S l o p e  ( c e n t e r e d  d i f f e r e n c e )  o f  t h e  a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

      TebbH=myAtm.getTebbSkySpec(atmSPW,
                                 qa.quantity(w0+dws,'mm'))[1]['value']
      TebbL=myAtm.getTebbSkySpec(atmSPW,
                                 qa.quantity(w0- dws,'mm'))[1]['value']

      #  I n  k i l o K e l v i n s / m m

      dTdW[atmSPW]=0.001* (TebbH- TebbL)/ (2.0* dws)

      # -  O p a c i t i e s  &  t r a n s m i s i v i t y .

    
      #  D r y  z e n i t h  o p a c i t y

      tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
      #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

      tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
      #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

      opacity=airMass* (tau_wet+tau_dry)
     
      #  T r a n s m i s s i v i t y  ( s p e c t r a l ) .  

      trans[atmSPW]=np.exp(- opacity)
      # Wet  opac i ty  per  1mm PWV sca led by a i rmass.  

      tau_1[atmSPW]=(airMass/ w0)* tau_wet

      # -  M o d e l  ( _ M )  f a c t o r s .

      #  T e b b  a n d  i t s  s l o p e .

      TbsW0_M=TbsW0[atmSPW]
      dTdW_M=dTdW[atmSPW]

      #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .

      trans_M=trans[atmSPW]
      tau_1M=tau_1[atmSPW]

      #  S o l a r - f l u x  m o d e l  s p e c t r u m  ( n o r m a l i z e d ) .

      SF_M=SF[atmSPW]
      
      # -  M o d e l  +  a n t e n n a  e f f i c i e n c i e s  c o m b i n e d .

      
      #  S e n s i t i v i t y  f a c t o r  f o r  P W V .
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      SW=(- eta_l* eta_F* Tsun0* np.mean(trans_M* tau_1M* SF_M)
          +(1.0- eta_F+eta_F* eta_l)* np.mean(dTdW_M))* Grw[atmSPW]
      
      #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r  i l l u m i n a t i o n  t e m p e r a t u r e .

      SB=eta_l* eta_F* np.mean(trans_M* SF_M)* Grw[atmSPW]
      
      #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  u n i f o r m  s p e c t r a l  g a i n .

      Tsky=(eta_l* eta_F* Tsun0* np.mean(trans_M* SF_M)
            +(1.0- eta_F+eta_F* eta_l)* np.mean(TbsW0_M)
            +eta_F* (1.0- eta_l)* Tamb)

 
      
      # -  B u i l d  t h e  e q u a t i o n s  o n l y  f o r  t h e  n o n - f l a g g e d  c h a n n e l s .

      i f (atmSPW not i n flaggedWVRchannels):
 
        # -  B u i l d  t h e  m a t r i x :  N a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .

     
        #  S e t  t h e  s e n s i t i v i t y  f a c t o r ( s )  f o r  t h e  c u r r e n t  A T M  S P W  a s  a  r o w

        #  i n  t h e  b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

        i f (solIllumination):
          #  So l ve  f o r  bo th  dW &  dB  i ndependen t l y .

          J_wb[eqCount]=np.array([SW,SB])
        else:
          #  O n l y  d W  i s  a l l o w e d  t o  v a r y .

          J_wb[eqCount]=np.array([SW])
         
          
        # -  B u i l d  t h e  m a t r i x :  I n s t r u m e n t a l  ( G r w  &  P i w  s e n s i t i v i t i e s )  b l o c k .

        
        #  W e  h a v e  t o  p r e p e n d  a  p r o p e r  o f f s e t  f o r  t h e  G r w  a n d  P i w  v a r s  a s

        #  t h e y  a r e  i n d e p e n d e n d t  f o r  e a c h  S P W  a n d  p o l a r i z a t i o n .

        bOffset=2* eqCount
        
        J_gp[eqCount,bOffset]=1.0
        J_gp[eqCount,bOffset+1]=Tsky

        # -  B u i l d  t h e  m a t r i x :  A C D  p o w e r s  ( a m b  &  h o t )  2 - b l o c k .

        J_cdA[eqCount,bOffset]=1.0
        J_cdA[eqCount,bOffset+1]=Tamb

        #  Ho t -power  sub -b lock .

        J_cdH[eqCount,bOffset]=1.0
        J_cdH[eqCount,bOffset+1]=Thot
        
        #-  Bu i l d  the  RHS vec to r :  WVR da ta

        
        #  R H S :  T w v r ( t )  w i t h  t h e  s t a t i o n a r y  ( i n  t h e  w o r k i n g  p o i n t )  A T M - b a s e d  p a r t

        #  s u b t r a c t e d .  R e s c a l e  T w v r  t o  k i l o K e l v i n .

        dTw=0.001* Twvr[atmSPW]- Tsky
        
        #  Se t  i t  as  t he  RHS componen t .

        CC[eqCount]=dTw

        # -  Ammend  the  RHS vec to r :  Ca l i b ra t i on  da ta .

        
        #  A m b i e n t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  
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        CCA[eqCount]=Tamb- Piw[atmSPW]- Grw[atmSPW]* Tamb
        #  H o t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .

        CCH[eqCount]=Thot- Piw[atmSPW]- Grw[atmSPW]* Thot

        # -  D i a g n o s t i c s

        
        #  Res idua  o f  sky  t empera tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

        resT[atmSPW]=dTw.mean()

        # Mapping between ATM SPW and equation number.

        spw2row[atmSPW]=eqCount
        
        eqCount+=1
        
      else: print('Ignoring flagged ',atmSPW,' WVR channel.')
      # - - >  e n d i f ( n o t  f l a g g g e d )

      
    #--> endfor(ATM SPWs)

    #  N o w ,  t h e  e q C o u n t  s h o u l d  b e  t h e  s a m e  a s  e q B l o c k S i z e .  J u s t  c h e c k  i t .

    i f (eqCount ! = eqBlockSize):
      print("******* Ooops, something is wrong !*******")
      print("   The expected number of equations does not correspond to the")
      print("   number of measured and non-flagged SPWs/polarization channels.")
      return False

    # - -  S o l u t i o n  o f  t h e  s y s t e m  o f  l i n e a r i s e d  e q u a t i o n s .  S e e  d W d B d G ( )  f o r

    #    e x p l a n a t i o n .

    # -  C a l c u l a t e  t h e  s m a l l - b l o c k  m a t r i c e s  a n d  t h e i r  i n v e r s i o n s  n e e d e d  f o r

    #   g r a n d - s y s t e m  i n v e r s i o n .

    #  N a t u r a l  ( N - b l o c k )  m a t r i c e s .

    J_wb_T=np.transpose(J_wb)
    J_K=np.matmul(J_wb_T,J_wb)
    J_K_inv=np.linalg.inv(J_K)

    #  G a i n / P _ i n s t  ( G - b l o c k )  m a t r i c e s .

    J_gp_T=np.transpose(J_gp)
    
    #  ACD rows  (A -b lock )  ma t r i ces .

    #  C a l c u l a t e  t r a n s p o s i t i o n s  p e r  s u b - b l o c k  ( a m b i e n t / h o t ) .

    J_cdA_T=np.transpose(J_cdA).copy()
    J_cdH_T=np.transpose(J_cdH).copy()

    #  I n c r e a s e  i m p o r t a n c e  o f  t h e  A C D  r o w s  b y  c a l i b r a t i o n  w e i g h t .

    #  O n l y  t h e  t r a n s p o s e d  A - b l o c k  m a t r i c e s  s h o u l d  b e  s c a l e d  u p !

    J_cdA_T*=calWeight
    J_cdH_T*=calWeight
    
    #  C o m p o s e  t h e  f u l l  b l o c k  a n d  i t s  t r a n s p o s i t i o n .  T h e  t r a n s p o s i t i o n  t o  b e

    #  s c a l e d  u p  -  s e e  a b o v e .  O r ,  a l t e r n a t i v e l l y ,  i t  c a n  b e  b u i l t  a s

    #  np .hs tack ( [ J_cdA_T ,J_cdH_T ] )  f r om a l ready  sca led -up  t ransposed  sub -b locks .

    J_cd=np.vstack([J_cdA,J_cdH]).copy()
    J_cd_T=calWeight* np.transpose(J_cd)

    # -  B a s e - m a t r i x  e x t e n s i o n s .
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    #  R i g h t  a n d  l o w e r  b a n d s :  T h e i r  ( n E q s  x  3 )  a n d  ( 3  x  n E q s )  r e p e a t i n g  b l o c k s .

    Rb=np.matmul(J_wb_T,J_gp)    
    Lb=np.transpose(Rb)
    
    #  L o w e r - r i g h t  c o r n e r

    LRc=nSamples* np.matmul(J_gp_T,J_gp)+np.matmul(J_cd_T,J_cd)

    # -  F r e q u e n t l y  r e p e a t i n g  m a t r i x  p r o d u c t s .  C f .  w i t h  e x t M a t I n v ( )  a b o v e .

    #  A i n v  x  R b  a n d  L b  x  A i n v

    AinvRb=np.matmul(J_K_inv,Rb)
    LbAinv=np.transpose(AinvRb)
       
    # -  S c h u r  c o m p l e m e n t  a n d  i t s  i n v e r s i o n .

    SC=LRc- nSamples* np.matmul(Lb,AinvRb)
    SC_inv=np.linalg.inv(SC)

    # -  B l o c k s  o f  i n v e r t e d  g r a n d - s y s t e m  m a t r i x .

    #  S t a r t  w i t h  t h e  l o w e r - l e f t  b l o c k  a s  i t  r e p e a t s  i n  u p p e r - l e f t  b l o c k ,  t o o .

    Minv21= -np.matmul(SC_inv,LbAinv)
     
    #  U p p e r - l e f t  b l o c k :  O f f - d i a g o n a l  t e r m s .  T h e  d i a g o n a l  b l o c k s  d i f f e r  j u s t

    # by  added J_K_ inv .

    Minv11_OD= -np.matmul(AinvRb,Minv21)
   
    #  U p p e r - r i g h t  b l o c k .

    Minv12=np.transpose(Minv21)

    #  L o w e r - r i g h t  b l o c k .

    Minv22=SC_inv

    # - -  A p p l y  t h e  i n v e r t e d  m a t r i x  c o m p o n e n t s  t o  t h e  R H S  v e c t o r .

    
    # Sum o f  the  RHS a long  the  t ime ax is ,  keep ing  the  SPW:POL d imens ion .

    #  P r e s e r v e  t h e  n u m b e r  o f  m a t r i x  r o w s ,  j u s t  s u m  t h e i r  c o n t e n t s ,  i . e .  m a k e

    #  t h e  s i n g l e - c o l u m n  m a t r i x .

    CCsum=np.reshape(CC.sum(axis=1),(- 1,1))

    # -  F o r m  t h e  R H S  v e c t o r  f o r  t h e  n o r m a l  e q u a t i o n s  ( K - f o r m  m i n i m i z e r ) ,

    #   i . e ,  m u l t i p l y  t h e  r a w  d a t a  b y  J J _ T  

    #  S t a r t  w i t h  t h e  n a t u r a l - v a r i a b l e s  d W  a n d  d B  p a r t .

    C_K_wb=np.matmul(J_wb_T,CC)      #  2  x  nSamp les  mat r i x

    #  M a k e  t h e  s a m e  a l s o  f o r  i t s  t i m e - s u m .

    C_K_wb_sum=np.matmul(J_wb_T,CCsum)   #  2  x  1

    
    #  F o l l o w  w i t h  t h e  i n s t r u m e n t a l  p a r t .

    C_K_gp=(np.matmul(J_gp_T,CCsum)      # 2*eqCount  x  1

            +np.matmul(J_cdA_T,CCA)
            +np.matmul(J_cdH_T,CCH))

    # -  A p p l y  b l o c k s  o f  t h e  i n v e r t e d  J J _ K ^ ( - 1 )  m a t r i x  t o  t h e  C _ K  R H S  v e c t o r .

    #  C o n s t a n t  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r  ( 2  x  1 )

    nvConst=np.matmul(Minv11_OD,C_K_wb_sum)+np.matmul(Minv12,C_K_gp)
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    #  T i m e - v a r y i n g  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r .  I t  c o m e s  f r o m  t h e

    #  add i t i on  to  the  M inv11  d iagona l - te rms  (see  comment  above  a t  M inv11_OD) .

    nvVar=np.matmul(J_K_inv,C_K_wb)  # 2 x nSamples 

    #  C o m p o s e  t h e  c o m p l e t e  n a t u r a l  v a r i a b l e s  v e c t o r .

    varNat=nvVar+nvConst

    #  I n s t r u m e n t a l  v a r i a b l e s .  T h e  r e s u l t  i s  o f  2 * e q B l o c k S i z e  x  1  s h a p e .

    varInst=np.matmul(Minv21,C_K_wb_sum)+np.matmul(Minv22,C_K_gp)

    # -  R e s h a p e  t h e  r e s u l t s  -  e x t r a c t  o u r  e l e m e n y t a r y  v a r i a b l e s .

    
    #  Seapara te  t he  na tu ra l - va rs  componen ts .

    #  PWV va r i a t i ons  p resen t  a lways .

    dW=varNat[0]

    #  d B  v a r i a t i o n s  o n l y  i n  c a s e  o f  s o l a r  i l l u m i n a t i o n ,  o t h e r w i s e  t h e y  a r e  z e r o s

    i f (solIllumination):
      dB=varNat[1]
    else:
      dB=np.zeros(nSamples) 

    
    #  R e s h a p e  i n s t r u m e n t a l  p a r a m e t e r s  t o  t w o  r o w s  ( t r a n s p o s e ) :  1 s t  i s  d P _ i n s t ,

    # the 2nd dG, one component  per  WVR channel .

    dPG=np.transpose(np.reshape(varInst,(eqBlockSize,2)))

    #  E x t r a c t  t h e  s h i f t s  i n  t h e  P _ i n s t  a n d  G  

    dPinst=dPG[0]    
    dGinst=dPG[1]

    # -  A n a l y t i c s :  C a l c u l a t e  t h e  e r r o r s  f o r  t h e  o v e r - d e t e r m i n e d  s e t  o f  e q s .

    #  e r r = A . x - b :  S c i - d a t a  p a r t .

    errVec=np.matmul(J_wb,varNat)+np.matmul(J_gp,varInst)- CC
    #  X i  s q u a r e  f o r  t h e  s c i - d a t a  p a r t .  

    xiSci=np.sum(errVec* errVec)
    
    
    #  e r r = A . x - b :  C a l i b r a t i o n - d a t a  p a r t .

    errVecACDamb=np.matmul(J_cdA,varInst)- CCA
    errVecACDhot=np.matmul(J_cdH,varInst)- CCH
    #  X i  s q u a r e  f o r  t h e  c a l - d a t a  p a r t .  

    xiACD=np.sum(errVecACDamb* errVecACDamb)+np.sum(errVecACDhot* errVecACDhot)
  
    #  G r a n d - t o t a l  X i - s q u a r e  n o r m a l i z e d  t o  t h e  n u m b e r  o f  e q u a t i o n s  ( s c i / a c d ) .

    xiSquare=xiSci/ nSamples+xiACD/ calWeight
    

    # -  A l l  v a r i a t i o n s  s h o u l d  t e n d  t o  z e r o  m e a n s .

    dW_mean=dW.mean()
    dB_mean=dB.mean()
    
    #  U p d a t e  s t a t i o n a r y  p a r t  o f  P W V  a n d  s o l a r  T _ B   b y  m e a n s  o f  t h e i r  v a r i a t i o n s .

    w0+=dW_mean
    Tsun0+=dB_mean
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    #  U p d a t e  a l s o  t h e  P i w  a n d  G r w  b y  t h e  f o u n d  d i f f e r e n c e s .

    f o r atmSPW,eqCount i n spw2row.items():
      #  Upda te  t he  P_ ins t  and  G .

      Piw[atmSPW]+=dPinst[eqCount]
      Grw[atmSPW]+=dGinst[eqCount] 
    # - - >  e n d f o r ( S P W s  w i t h  v a l i d  X X  p o l )

    #-  Convergence  d iagnos t i cs .

    
    itCount+=1
    
    #  U p d a t e d  s c a n - a v e r a g e d  P W V  a n d  s o l .  i l l u m i n a t i o n  a f t e r  c o m p l e t e d  i t e r a t i o n .

    print('....... After iteration no. ',itCount)
    print('Mean PWV for the scan,',tgtScan,' w0 = ',w0,"mm"
          ", mean Tsun(illumination) = ",1000.0* Tsun0,"K") #  s c a l e  t o  K e l v i n s

   
    #  M e a n  v a l u e s  o f  d W  a n d  d B  f l u c t u a t i o n s  s h o u l d  t e n d  t o  z e r o .

    print("dW mean: ",dW_mean)
    print("dB mean: ",dB_mean)

    #  S k y - b r i g h t n e s s  r e s i d u a  s h o u l d  t e n d  t o  z e r o ,  t o o .

    #  C o n v e r t  t h e  s p w I d  m a p s  t o  n p . a r r a y s  f i r s t .  W e  h a v e  t o  g o  v i a  ' l i s t ' .

    resTArr=np.array(list(resT.values()))
  
    print("res T: ", resT,"mean +/- RMS: ",resTArr.mean(),"+/-",resTArr.std())
   
    print('.......')

  #- ->  endwhi le (non-zero-means)     

  # - -  D i a g n o s t i c  p l o t s .

  #    M a k e  a  p l o t  c o m p a r i n g  t h e  m e a s u r e d  f l u c t u a t i o n s ,  t h e i r  p a r t  a t t r i b u t e d  t o

  #    t h e  i n t r i n s i c  b r i g h t n e s s  c h a n g e s ,  a n d  e r r o r  i n  e q s - s y s t e m  s o l u t i o n .

  #  W e  m a y  h a v e  a  s e t  o f  p e r - s c a n  f i g u r e s :  D i s t i n g u i s h  b y  s c a n  I D  i n  f i l e n a m e .

  scID='_{:02d}'.format(tgtScan)
  
  # - S e t  t h e  p l o t t i n g  d e v i c e .

  plt.rcParams["figure.figsize"] = (15,15)
  #  X - a x i s  l a b e l

  plt.xlabel('Time [MJDsec]')
  #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+str(antID)+', scan '+str(tgtScan))

  # Color-map for  WVR-channels/ATM-SPWs 0 -  3.

  csline={0:'-r',1:'-g',2:'-b',3:'-k'}
  
  # -  M a k e  t h e  * a n a l y t i c a l *  p l o t s  -  l e a s t - s q u a r e  r e s i d u a l s  e t c .

  f o r spw,eqRow i n spw2row.items():
    #  R e s i d u a l s / e r r o r s  a s  t e m p e r a t u r e  i n  K e l v i n s .

    plt.plot(wTime,1000.0* errVec[eqRow],csline[spw])

  # -  S a v e  t h e  p l o t s  t o  a  f i l e  a n d  c l o s e .

  
  plt.savefig(plotDir+'/errs_ant_'+str(antID)+'_scan'+scID+'.png')  
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  plt.show() 
  plt.close()

  # - -  M a k e  t h e  f u l l  * s o l u t i o n *  p l o t s :  P W V ( t )  a n d  T s u n ( t ) .

  #  A d d  v a r i a t i o n s  t o  t h e  m e a n  ( s c a n - a v e r a g e d )  v a l u e s .

  #  S c a l e  t h e  s o l a r  i l l u m i n a t i o n  t e m p e r a t u r e  f r o m  k i l o K e l v i n s  b a c k  t o  K e l v i n s .

  pwv=w0+dW # mm

  Tsun=1000.0* (Tsun0+dB) # K

  #  S e t  t h e  s i z e  o f  t h e  p l o t

  plt.rcParams["figure.figsize"] = (10,5)
  #  M a k e  s l o w - W V  a n d  f a s t - W V  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

  ff,(sp1,sp2)=plt.subplots(1,2)
  #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+str(antID)+', scan '+str(tgtScan))

  #  L e f t  p a n e l :  F a s t  v a r i a t i o n s  -  a p p a r e n t  t a r g e t  b r i g h t n e s s

  sp1.plot(wTime,Tsun,'-r')

  #  R i g h t  p a n e l :  S l o w  v a r i a t i o n s  -  t o t a l  P W V  ( c o m p r e s s i o n  +  h u m i d i t y ) .  

  sp2.plot(wTime,pwv,'-g')
  
  plt.savefig(plotDir+'/dWdB/ant_'+str(antID)+'_scan_'+scID+'.png') 
  plt.show() 
  plt.close()

  #- -  Show,  how much  the  i ns t rumen ta l  va r i ab les  G  and  P_ ins t  have  changed .

  print("Corrected relative gains [dimension-less]: ", Grw)
  print("Corrected instrumental offsets [K]:", 1000.0* Piw)
  
  #  P r i n t  t o t a l  q u a d r a t i c  e r r o r  f o r  t h e  v a r i a b l e s .

  print("\n======= Xi-squares =======     SCI: ",xiSci,
        ", ACD:",xiACD,
        ", Total:", xiSquare,"\n")

  
  # - -  E x p o r t  t h e  r e s u l t i n g  d a t a  i n  t h e  ' c o n f o r m i n g '  f o r m a t .

  return {'time':wTime,'pwv':pwv,'T_B':Tsun,'J':J_wb,'C':CC}
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdLs4(vis,myAtm,antID,tgtScan,
           flaggedWVRchannels=[],ssType='',solIllumination=True,
           myMsmd=None,acdLoads=None):

  " " "

  I m p r o v e d  v e r s i o n  o f  d W d L s 3 ( ) .

  I n s p i r e d  b y  d W d B d G 2 ( ) ,  w e  n o w  h a n d l e  t h e  s i t u a t i o n  o f  e n f o r c e d  z e r o  s o l a r

  i l l u m i n a t i o n  ( s e t t i n g  * s o l I l l u m i n a t i o n = F a l s e * )  m o r e  a p p r o p r i a t e l l y .

  T h e  i n s o f a r  p r o c e d u r e  i n  d W d L s 3 ( )  s e t s  T s u n = 0 . 0  h a r d  a n d  ' d e g r a d e s '  t h e  T _ B

  v a r i a t i o n s  d B  f r o m  a  v a r i a b l e  t o  a  c o n s t a n t  ( w e  n a r r o w  t h e  J _ w b  m a t r i x  b y

  c u t t i n g  t h e  d B  c o l u m n )  a n d  i t  i s  s e t  a s  a  ' h a r d - w i r e d  s o l u t i o n '  t o  0 . 0 .
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  I n  t h i s  n e w  i m p l e m e n t a t i o n  w e  k e e p  t h e  T _ B  t o  b e  a  v a r i a b l e ,  b u t  w e  s e t  i t s

  t i m e - a v e r a g e d  v a l u e  T s u n  t o  0  b y  i m p l i c i t  s e t t i n g  o f  p a r a m e t e r ,  c o r r e s p o n d i n g  

  t o  * T _ t g t *  i n  d W d B d G 2 ( ) ,  t o  z e r o .  I n  o t h e r  w o r d s ,  w e  a d d  t h e  e q u a t i o n s  t h a t

  f o r c e  t h e  t i m e - a v e r a g e d  s o l a r - i l l u m i n a t i o n  T s u n  t o  z e r o ,  s t i l l  k e e p i n g  i t s

  s m a l l  v a r i a t i o n s  d B .  A s  a  r e s u l t ,  t h e  z e r o - i l l u m i n a t i o n  c o n d i t i o n  i s  n o t

  s u p e r - s e d e d  t o  o t h e r  e q u a t i o n s ,  b u t  i t  h a s  i t s  r e l a t i v e  s t r e n g t h  i n  t h e

  e n t i r e  s y s t e m ,  e x p r e s s s e d  b y  i n t e r n a l  ( e x p e r i m e n t a l y  f o u n d )  p a r a m e t e r  m W e i g h t .

  A s  i n  d W d B d G 2 ( ) ,  w e  h a v e  s p e c i f i c  a n t e n n a - e f f i c i e n c i e s  s e t u p  p e r  a n t e n n a  t y p e :

  T h i s  i s  a n o t h e r  ' u p g r a d e '  t o  d W d L s 3 ( ) .  U n l i k e  t h e  d W d B d G 2 ( )  w e  n e e d  n o t

  t o  i n t r o d u c e  a  ' n a t u r a l '  w e i g h t  f a c t o r  W F = 1 / G ,  b e c a u s e  o u r  ' r a w '  m e a s u r e d  W V R

  s i g n a l  i s  a l r e a d y  e x p r e s s e d  a s  t e m p e r a t u r e  a n d  a l l  4  W V R  c h a n n e l s  h a v e  t h e

  same  we igh t  ( t h i s  i s  no t  t r ue  f r o  sc i  SPWs ,  hand led  i n  dWdBdG2( ) ,  whe re  SQLD

  s p w s  h a v e  d i f f e r e n t  i n t e g r a t i o n  t i m e  a n d ,  c o n s e q u e n c t l y ,  p o w e r s  a n d  g a i n s ) .

  " " "

  # - - -  S t a t i c  p a r a m e t e r s

  # -  I / O

  #  I n p u t  d a t a  f r o m  t h e  A T M  s c a n  p r e c e d i n g  t h e  t a r g e t  s c a n .

  #  N o t e :  H e r e  i t  h a s  a  l i t t l e  s e n s e  s o f a r  -  w e  u s e  c a l i b r a t e d  T w v r  i n  K e l v i n s

  #  a n d  t h e  n o m i n a l  g a i n  G w r  t h u s  G w r = 1 . 0 .  W e  u s e  i t  o n l y  f o r  f i n d i n g  T a m b

  #  a n d  T h o t  t e m p e r a t u r e s  i n  o r d e r  t o  k e e p  t h e  s t r u c t u r e  o f  e q u a t i o n s  c o n f o r m a n t

  #  t h e  t h a t  i n  s W d B d G 2 ( ) .  H o w e v e r ,  w e  m a y  l a t e r  t r y  e x p o l a r i o n  o f  t h e  r e a l

  # ATM scans, which have also CALIBRATE_WVR#AMBIENT/HOT intents. In those

  #  c a s e s ,  w e  h a v e  t o  b e  m o r e  c a r e f u l l  a n d  i d e n t i f y  t h e  a c t u a l  A T M  s c a n

  #  r e l e v a n t  t o  t h e  * t g t S c a n *

  atmScan=tgtScan- 1
  
  #  O u t p u t / d i a g n o s t i c s  p l o t s .

  plotDir='./wvr_decomp_G'
  i f (not os.path.exists(plotDir)): os.makedirs(plotDir)
  i f (not os.path.exists(plotDir+'/dWdB')): os.makedirs(plotDir+'/dWdB')

  # -  T o o l s ,  g l o b a l  d a t a

  
  #  F l a g s  u s e d  t o  c h e c k ,  w h e t h e r  w e  s h o u l d  c l o s e  t h e  t o o l  l a t e r .

  ownMsmd=False

  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMsmd):
    # Open the  msmd too l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True
    
  #  C r e a t e  o u r  d i c t i o n a r y  w i t h  A C D  l o a d  t e m p e r a t u r e s  ( a m b i e n t ,  h o t )  i f  n e e d e d .

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis, doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)
    
  #-  Antenna

  antNames=myMsmd.antennanames()
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  myAntName=antNames[antID]
  antType=myAntName[:2]

  #  M a p  t h e  a n t e n n a  e f f i c i e n c i e s  b y  a n t e n n a  t y p e .  A s  p e r  i n v e s t i g a t i o n  f r o m

  # merged T_sun tempera tures  fo rm 2023 and 2026 data  (p ro jec t_22_25_Tb.ods) .

  eta_l_map={'CM':0.941,'DA':0.947,'DV':0.956}
  eta_F_map={'CM':0.891,'DA':0.897,'DV':0.906}

  #  R e a r - s p i l l o v e r  +  o h m i c  a n t e n n a  e f f i c i e n c y  -  s e e  p r o j e c t _ 2 2 _ 2 5 _ T b . o d s

  eta_l=eta_l_map[antType]
  #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y  -  s e e  p r o j e c t _ 2 2 _ 2 5 _ T b . o d s

  eta_F=eta_F_map[antType]

  #  W e  h a v e  t w o  e x c e p t i o n  t h a t  s e e m  t o  h a v e  s y s t e m a t i c a l l y  l o w e r

  #  an tenna  e f f i c ienc ies :  DA64  and  DV08  -  see  p ro jec t_22_25_Tb .ods

  i f  myAntName=='DA64':
    eta_l=0.929
    eta_F=0.880
  i f  myAntName=='DV08':
    eta_l=0.943
    eta_F=0.894

  #  E x t r a c t  a m b i e n t  &  h o t  t e m p e r a t u r e s  f o r  t h e  c u r r e n t  a n t e n n a  a n d  s c a n .

  #  I t  d e t e r m i n e s  t h e  r e a r - s p i l l o v e r  c o n t r i b u t i o n  t o  n o i s e .

  #  S c a l e d  t o  k i l o K e l v i n s ! ! !

  Tamb = 0.001* acdLoads[antID][atmScan]['amb']
  Thot = 0.001* acdLoads[antID][atmScan]['hot']

  #  H o w  s t r o n g l y  w e  i n s i s t  o n  c a l i b r a t i o n  s o l u t i o n  G = 1 . 0 ,  P _ i n s t = 0 . 0 .

  # See comment in dWdBdG2().

  #  The  used  va lue  has  been  found  exper imen ta l l y  v ia  dWdLs4_we igh ts ( ) .

  # Search mark in dWdLs4() :  CW_2

  calWeight=20.0
    
  # -  T a r g e t

  
  #  I n i t i a l  g u e s s  o f  t h e  s o l a r  b r i g h t n e s s  t e m p e r a t u r e .

  #  S D  c a l i b r a t i o n  s c r i p t :  R e f e r e n c e  T _ b  f o r  s o l a r  d i s c  c e n t e r  @ 1 9 8 G H z

  TsunCenter=6.300  #  k i l o K e l v i n s ! ! !

  #  S o l a r  r a d i u s .

  Rsun=696000 # km

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    
  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  D e c  2 0 2 3  B a n d  5  o b s e r v a t i o n .

  x_h=928.0 #  a rcsec

  y_h=87.0  #  a rcsec

  #  Ea r t h -Sun  d i s t ance  f o r  Dec  2023  Band  5  obse rva t i on .

  Dsun=1.4723338439337283e8 # km

  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  " " "

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  
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  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  J u l y  3 0  2 0 2 6 B a n d  5  o b s e r v a t i o n .

  ' ' '

  T a r g e t :         R A = 0 8  3 7  1 8 . 0 1  D E C = + 1 8  3 1  2 3 . 0

  Sun  cen te r :     RA=08 38  15 .79  DEC=+18 28  47 .2

  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

  d i f f  ( a r c s e c ,  i n c l .  c o s ( d e l t a ) ) :  8 2 2    1 5 5 . 8

  ' ' '

  x_h=822 .0  #  a rcsec

  y _ h = 1 5 5 . 8   #  a r c s e c

  

  #  E a r t h - S u n  d i s t a n c e  f o r  J u l y  3 0  2 0 2 6  B a n d  5  o b s e r v a t i o n .

  Dsun=1.01508611721886*149597870.700 # km

  

  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  " " "

  
  #  A p p a r e n t  a n g u l a r  s o l a r  r a d i u s  i n  a r c s e c .

  r_sol=180.0* 3600.0* Rsun/ (Dsun* np.pi)
  
  #  m u = c o s ( t h e t a ) .  U s e d  f o r  l i m b - b r i g h t e n n i n g  c o r r e c t i o n  b e l o w .

  mu=np.sqrt(1.0- (x_h* * 2+y_h* * 2)/ r_sol* * 2)
  
  #  b _ 2 = 2 . 0 * a _ 2 ,  w h e r e  a _ 2  i s  t h e  t e m p e r a t u r e  d r o p  w i t h  f r e q u e n c y  i n  E q .  ( 4 )

  #  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  S c a l e d  t o  k i l o K e l v i n s !

  b_2= -1.127 #  =  2 x  ( - 5 6 3 . 5 K )  a s  p e r  T a b l e  2  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  #  B r i g h t n e s s  t e m p e r a t u r e  c o r r e c t e d  t o  l i m b  b r i g h t e n n i n g  -  s e e

  #  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  

  Tsun00=TsunCenter+0.5* b_2* np.log(mu) # kK

  #  R e f e r e n c e  f r e q u e n c y  f o r  t h e  s o l a r  s p e c t r u m :  W e  t a k e  t h e  L O  f r e q u e n c y  ( i n  H z )

  f_LO=1.98e11

  #  S o l a r  i l l u m i n a t i o n .  M a y  b e  e i t h e r  z e r o  o r  u n b o u n d ,  d e p e n d i n g  o n  t h e

  #  s o l I l l u m i n a t i o n  p a r a m e t e r  s e t t i n g  ( T / F ) .

  T_tgt=0.0
  
  i f (solIllumination):
    #  D o  n o t  a p p l y  T s u n = 0  c o n d i t i o n ,  w e  a l l o w  f o r  u n b o u n d  i l l u m i n a t i o n .

    #  I f  m W e i g h t  i s  s e t  t o  z e r o ,  t h e  T _ t g t  v a l u e  i t s e l f  i s  i r r e l e v a n t .

    mWeight=0.0
  else:
    #  W e  a r e  p o i n t i n g  f a r  o f f  t h e  S u n .  E n f o r c e  z e r o  i l l u m i n a t i o n  b y  a d d i n g

    #  t h e  T _ t g t = 0 . 0  e q u a t i o n  w i t h  t h e  a p p r o p r i a t e  w e i g h t .

    # Search mark in dWdLs4():  MW_2

    mWeight=1.0 

  #- Atmosphere

  #  H o w  m a n y  A T M  ( i . e .  i n  t h e  m o d e l )  s p w s  d o  w e  h a v e ?  I n  t h i s  c a s e  i t  i s

  # the  same as  the  number  o f  the  WVR channe ls .

  nAtmSPWs=myAtm.getNumSpectralWindows()

  # In i t ia l  guess o f  mean PWV: Scan-center  in terpo la ted ASDM_CALWVR va lue.

  pwv0=getPWVforAnt(vis,tgtScan,antID,myMsmd)['pwvAvg']

  #  S e t  i n i t i a l  e s t i m a t i o n  o f  P W V  t o  t h e  A T M  m o d e l .
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  myAtm.setUserWH2O(qa.quantity(pwv0,'mm'))

  #  A i r m a s s  f o r  t h e  s o l a r  s c a n .

  airMass=myAtm.getAirMass()

  #  P r i n t  t h e  i n i t i a l  e s t i m a t e s .  T e m p e r a t u r e  t o  b e  s c a l e d  f r o m  k i l o K e l v i n s  t o  K .

  print('....... Initial estimate')
  print('Mean PWV for scan,',tgtScan,' w0 = ',pwv0,'mm @airMass = ',airMass)
  print('Estimated T_B(full Sun) = ',1000.0* Tsun00,'K') #  s c a l e  t o  K e l v i n s .

  print('.......')
  
  #  T h e  M S  m e t a d a t a  h a s  b e e n  r e a d - o u t ,  w e  m a y  c l o s e  t h e  ( l o c a l )  t o o l s .

  i f (ownMsmd): myMsmd.done()
  
  #- -  Ex t rac t  WVR raw tempera tu res .

  
  # Raw WVR Tbs

  wTime,Twvr=wvr_dataRaw(vis,tgtScan,antID,ssType) 

  #  Ave rage  ove r  t ime .

  TwvrMean=np.mean(Twvr,axis=1)
  #  S tddevs  pe r  channe l .

  TwvrRMS=np.std(Twvr,axis=1)

  # - -  F l a g  a n d  r e m o v e  c l e a r  o u t l i e r s .

  
  #  F i n d  a l l  a r r a y  i n d i c e s ,  f o r  w h i c h  d a t a  i n  a t  l e a s t  o n e  o f  t h e  v a l i d

  #  W V R  c h a n n e l s  a r e  o u t  o f  3  s i g m a  i n t e r v a l .

  validWvrChans=np.delete(range(nAtmSPWs),flaggedWVRchannels)

  f o r SPW i n validWvrChans:
    #  O u t l i e r s  (  >  3  s i g m a )  i n  t h e  c u r r e n t  S P W .

    badData=np.flatnonzero(abs(Twvr[SPW]- TwvrMean[SPW])>3.0* TwvrRMS[SPW])
    i f (badData.size):
      print('Flagged in WVR channel no.',SPW,': Data in times ',wTime[badData],
            ', bad temperatures T=',Twvr[SPW,badData])
    
      #  D e l e t e  d a t a  a t  b a d - d a t a  i n d i c e s  i n  * a l l *  W V R  c h a n n e l s ,  s o  t h a t  t h e  d a t a

      #  rema in  homogeneous  i n  t ime .  Make  the  t ime  ax i s  con fo rman t .  

      Twvr=np.delete(Twvr,badData,axis=1)
      wTime=np.delete(wTime,badData)    
  #- ->  end fo r (va l i d  WVR chans )

  # - -  F i n d  d i m e n s i o n s  o f  t h e  s y s t e m .

  
  #  H o w  m a n y  t i m e  s a m p l e s  a r e  i n  t h i s  s c a n  ( a f t e r  f l a g g i n g ) ?

  nSamples=Twvr.shape[1]

  #  How many  equa t i ons  do  we  ac tua l l y  have  pe r  b lock  o f  1  t ime-samp le?

  #  S o m e  W V R  c h a n n e l s  m a y  b e  f l a g g e d  ( t y p i c a l l y ,  t h e  c h a n n e l  0  i s  s a t u r a t e d ) .

  eqBlockSize=nAtmSPWs- len(flaggedWVRchannels)

  #  P r e - c a l c u l a t e d  f r e q u e n t l y  r e p e a t i n g  f a c t o r :  I n v e r s e  n u m b e r  o f  t i m e  s a m p l e s .

  nsInv=1.0/ nSamples

  # -  R e l a t i v e  g a i n s  a n d  i n s t r .  o f f s e t s  -  o n e  p e r  W V R  c h a n n e l ,  n o  p o l a r i z a t i o n .

  #  G a i n s  t o  b e  i n i t i a l i s e d  t o  t h e i r  e x p e c t e d  v a l u e  o f  1 . 0 .
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  Grw=np.ones(nAtmSPWs)
  #  O f f s e t s  s h o u l d  b e  c l o s e  t o  0 . 0 .

  Piw=np.zeros(nAtmSPWs)
  
  #-  Recons t ruc t  t he  sub -channe l  f requenc ies  fo r  ou r  ATM SPWs.

  #   W e  n e e d  t h e m  f o r  p r o p e r  s c a l i n g  o f  t h e  s o l a r - i l l u m a n t i o n  s p e c t r u m .

  
  # We have the same number of  sub-channels for  a l l  WVR-channel  ATM SPWs.

  #  F o r t u n a t e l l y ,  b e c a u s e  P y t h o n  i s  i n c a p a b l e  o f  c r e a t i n g  a  v e c t o r  o f  v e c t o r s ,

  #  w h i c h  w o u l d  h a v e  d i f f e r e n t  s i z e s ,  o n l y  r e c t a n g u l a r  m a t r i x  i s  O K  : - (

  nChans=myAtm.getNumChan(0)

  # Frequenc ies  fo r  sub-channe ls  in  our  ATM SPWs.

  wvrFreqs=np.zeros((nAtmSPWs,nChans))

  f o r wC i n range(nAtmSPWs):
    
      fMin=myAtm.getMinFreq(wC)['value'][0]* 1.0e9 # GHz to Hz

      df=myAtm.getChanSep(wC)['value'][0]* 1.0e6   # MHz to Hz

      
      wvrFreqs[wC]=fMin+df* np.arange(nChans)

  # - -  A r r a y s  f o r  c a l c u l a t i o n s  o f  t h e  m a t r i x  a n d  t h e  R H S - v e c t o r  c o m p o n e n t s

  #    o f  t h e  l i n e a r i z e d  s y s t e m  t h a t  d e p e n d  j u s t  o n  t h e  m o d e l s  ( A T M  +  q u i e t  S u n ) .

  #    No te :  I n  t h i s  case ,  when  we  have  1 - t o -1  co r respondence  be tween  t he  mode l

  #    a n d  d a t a  S P W s ,  w e  a c t u a l l y  n e e d  n o t  t o  s t o r e  t h e  p e r - s p w  v a l u e s  t o  a r r a y s .

  #   Bu t  we  keep  the  s t ruc tu re  o f  sc i -SPW approach  in  dWdB_TBs( )  and  dWdBdG() .

  
  # Atmosphere  (+CMB)  br igh tness  tempera tu re  fo r  PWV=w0 and i t s  s lope .

  #  P l a c e - h o l d e r s ,  t o  b e  c a l c u l a t e d  i n s i d e  i t e r a t i o n s .

  TbsW0=np.zeros((nAtmSPWs,nChans))
  dTdW=np.zeros((nAtmSPWs,nChans))

  #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .  P l a c e - h o l d e r s .

  trans=np.zeros((nAtmSPWs,nChans))
  tau_1=np.zeros((nAtmSPWs,nChans))

  #  Ave rage  So la r -F lux  spec t rum:  QSR mode l  no rma l i sed  to  1 .0  a t  f = f_LO.

  SF=1.0+b_2/ Tsun00* np.log(wvrFreqs/ f_LO)

  
  # - - -  S o l v e  t h e  l i n e a r i s e d  s e t  o f  e q u a t i o n s  f o r  d W  a n d  d B  v a r i a t i o n s .

  #     I t e r a t e  u n t i l  t h e y  h a v e  n e g l i g i b l e  m e a n  v a l u e  ( s c a n - a v e r a g e ) .

  # - -  I t e r a t i o n  s e t u p

  #  H a l f  d w  f o r  t h e  e s t i m a t i o n  o f  t h e  d T s k y / d w  b y  c e n t e r r e d  d i f f e r e n c e .

  dws=0.05

  #  S t o p p e r s  f o r  i t e r a t i v e  s o l u t i o n :  W e  s h o u l d  g e t  l e s s  t h e n  t h e s e  v a l u e s .

  #  W e  u s e d  t h o s e  a s  w e i g h t s  i n  c a l c u l a t i o n  o f  e p s i l o n  -  t h e  n o r m a l i s e d

  #  i n t e r - i t e r a t i o n  c h a n g e  o f  o p e r a t i o n - p o i n t  a t  t h e  v e r y  e n d  o f  e a c h  i t e r a t i o n .

  dwMean_max=0.01   # mm

  dbMean_max=0.001  #  k i l o K e l v i n

  dG_max=0.001      #  Re la t i ve  sca le  dG /G

  dTinst_max=0.001  #  d P i n s t / G  i n  k i l o K e l v i n s  

  #  I t e r a t i o n  c o u n t e r .
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  itCount=0

  #  N o r m a l i z e d  i n t e r - i t e r a t i o n  c h a n g e  o f  o p e r a t i o n  p o i n t  -  i t s  i n i t i a l  v a l u e .

  #  A n y t h i n g  b i g g e r  t h a n  1 . 0

  epsilon=10.0

  #  S e t  t h e  s t a r t i n g  v a l u e s  /  a n  i n i t i a l  g u e s s  f o r  i t e r a t i o n s .

  w0=pwv0
  #  F rom dWdLs ( )  we  es t ima te  t he  so la r  con tam ina t i on  ~100K  =  0 .1kK  i n  t he

  #  o n - s o u r c e  s u b s c a n s .  T h e  o f f - s o u r c e  s h o u l d  b e  c o n t a m i n a t i o n - f r e e .

  i f  (ssType=='on'):
    Tsun0=0.1 #  k i l o K e l v i n s

  else:
    Tsun0=0.0 #  n o  i l l u m i n a t i o n

  # - -  I t e r a t i o n s :  M i n i m i z e  t h e  m e a n  v a l u e  o f  v a r i a t i o n s .

  while( (epsilon>1.0) and (itCount< 20)):

    # - -  P r e p a r e / r e s e t  t h e  l i n e a r i z e d  s y s t e m  o f  e q u a t i o n s .

    # -  R e p e a t i n g  b l o c k s / t i l e s  f o r  e a c h  t i m e - s a m p l e

    #  N - b l o c k s :  J a c o b i a n - p a r t  f o r  t h e  [ d W , d T ]  ' n a t u r a l '  v a r i a b l e s .

    J_wb=np.zeros((eqBlockSize,2)) #  2  v a r s  r e p e a t i n g  i n  n o n - f l a g g e d  w v r C h a n s

    #  G - b l o c k  m a t r i x :  J - p a r t  f o r  [ d G , d P _ i n s t ]  ' i n s t r u m e n t a l '  v a r i a b l e s .

    J_gp=np.zeros((eqBlockSize,2* eqBlockSize)) # 2  vars  per  each WVR channe l .

    #  A - b l o c k  m a t r i x :  J - p a r t  f o r  [ d G , d P _ i n s t ]  f o r  W V R  " c a l i b r a t i o n "  e q u a t i o n s .

    J_cdA=np.zeros((eqBlockSize,2* eqBlockSize)) # 2  vars  per  WVR channe l ,  amb.  

    J_cdH=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  va rs  pe r  WVR channe l ,  ho t .

    #  M - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d W , d T ]  i n  a r r a y - m e a n  e q s .

    #  T h i s  m a t r i x  i s  c o n s t a n t  a n d  c a n  b e  d e f i n e d  a l r e a d y  h e r e .

    J_M=np.array([[0.0, nsInv]])
  
  
    #  R H S  v e c t o r  f o r  a l l  t i m e  s a m p l e s  s t a c k e d  a s  a  m a t r i x .

    CC=np.zeros((eqBlockSize,nSamples))
    
    #  R H S - v e c t o r  ' a p p e n d i x  1 '  -  a m b .  &  h o t  ' c a l i b r a t i o n  p o w e r s '  ( t i m e - a v e r a g e d ) .

    CCA=np.zeros((eqBlockSize,1))
    CCH=np.zeros((eqBlockSize,1))

    #  R H S - v e c t o r  ' a p p e n d i x  2 '  -  a r r a y - m e a n  v a l u e s  o f  t h e  t a r g e t  T _ B

    CCM=np.zeros((1,1))
    
    #  So lu t i on  res idua  fo r  each  used  WVR channe l .

    resT={}
    #  M a p p i n g  t h e  W V R  c h a n n e l  t o  t h e  i n d e x  o f  e q u a t i o n  i n  t h e  s y s t e m .

    spw2row={}

    
    #-  Re -ca l cu la te  ATM mode l  w i t h  upda ted  <PWV> and  so la r  i l l um ina t i on .

    
    #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .

    myAtm.setUserWH2O(qa.quantity(w0,'mm'))
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    #  Count  the  ac tua l  number  o f  equa t ions  -  some WVR channe ls  may  be  f lagged .

    eqCount=0

    #-  Loop  ove r  4  ATM spws  -  t hese  d i rec t l y  co r respond  to  4  WVR channe ls

    f o r atmSPW i n range(nAtmSPWs):

      # -  M o d e l  v a l u e  o f  t h e  s k y / a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

      Tebb=myAtm.getTebbSkySpec(atmSPW, qa.quantity(w0,'mm'))[1]['value']
      #  S c a l e  t o  k i l o K e l v i n s .

      TbsW0[atmSPW]=0.001* Tebb

      # -  S l o p e  ( c e n t e r e d  d i f f e r e n c e )  o f  t h e  a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

      TebbH=myAtm.getTebbSkySpec(atmSPW,
                                 qa.quantity(w0+dws,'mm'))[1]['value']
      TebbL=myAtm.getTebbSkySpec(atmSPW,
                                 qa.quantity(w0- dws,'mm'))[1]['value']

      #  I n  k i l o K e l v i n s / m m

      dTdW[atmSPW]=0.001* (TebbH- TebbL)/ (2.0* dws)

      # -  O p a c i t i e s  &  t r a n s m i s i v i t y .

    
      #  D r y  z e n i t h  o p a c i t y

      tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
      #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

      tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
      #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

      opacity=airMass* (tau_wet+tau_dry)
     
      #  T r a n s m i s s i v i t y  ( s p e c t r a l ) .  

      trans[atmSPW]=np.exp(- opacity)
      # Wet  opac i ty  per  1mm PWV sca led by a i rmass.  

      tau_1[atmSPW]=(airMass/ w0)* tau_wet

      # -  M o d e l  ( _ M )  f a c t o r s .

      #  T e b b  a n d  i t s  s l o p e .

      TbsW0_M=TbsW0[atmSPW]
      dTdW_M=dTdW[atmSPW]

      #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .

      trans_M=trans[atmSPW]
      tau_1M=tau_1[atmSPW]

      #  S o l a r - f l u x  m o d e l  s p e c t r u m  ( n o r m a l i z e d ) .

      SF_M=SF[atmSPW]
      
      # -  M o d e l  +  a n t e n n a  e f f i c i e n c i e s  c o m b i n e d .

      
      #  S e n s i t i v i t y  f a c t o r  f o r  P W V .

      SW=(- eta_l* eta_F* Tsun0* np.mean(trans_M* tau_1M* SF_M)
          +(1.0- eta_F+eta_F* eta_l)* np.mean(dTdW_M))* Grw[atmSPW]
      
      #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r  i l l u m i n a t i o n  t e m p e r a t u r e .

      SB=eta_l* eta_F* np.mean(trans_M* SF_M)* Grw[atmSPW]
      
      #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  u n i f o r m  s p e c t r a l  g a i n .

      Tsky=(eta_l* eta_F* Tsun0* np.mean(trans_M* SF_M)
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            +(1.0- eta_F+eta_F* eta_l)* np.mean(TbsW0_M)
            +eta_F* (1.0- eta_l)* Tamb)

 
      
      #  B u i l d  t h e  e q u a t i o n s  o n l y  f o r  t h e  n o n - f l a g g e d  c h a n n e l s .

      i f (atmSPW not i n flaggedWVRchannels):
 
        # -  B u i l d  t h e  m a t r i x :  N a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .

     
        #  S e t  t h e  s e n s i t i v i t y  f a c t o r ( s )  f o r  t h e  c u r r e n t  A T M  S P W  a s  a  r o w

        #  i n  t h e  b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

        J_wb[eqCount]=np.array([SW,SB])
       
          
        # -  B u i l d  t h e  m a t r i x :  I n s t r u m e n t a l  ( G r w  &  P i w  s e n s i t i v i t i e s )  b l o c k .

        
        #  W e  h a v e  t o  p r e p e n d  a  p r o p e r  o f f s e t  f o r  t h e  G r w  a n d  P i w  v a r s  a s

        #  t h e y  a r e  i n d e p e n d e n d t  f o r  e a c h  S P W  a n d  p o l a r i z a t i o n .

        bOffset=2* eqCount
        
        J_gp[eqCount,bOffset]=1.0
        J_gp[eqCount,bOffset+1]=Tsky

        # -  B u i l d  t h e  m a t r i x :  A C D  p o w e r s  ( a m b  &  h o t )  2 - b l o c k .

        J_cdA[eqCount,bOffset]=1.0
        J_cdA[eqCount,bOffset+1]=Tamb

        #  Ho t -power  sub -b lock .

        J_cdH[eqCount,bOffset]=1.0
        J_cdH[eqCount,bOffset+1]=Thot
        
        #-  Bu i l d  the  RHS vec to r :  WVR da ta

        
        #  R H S :  T w v r ( t )  w i t h  t h e  s t a t i o n a r y  ( i n  t h e  w o r k i n g  p o i n t )  A T M - b a s e d  p a r t

        #  sub t rac ted .  Resca le  measu red  WVR tempera tu res   t o  k i l oKe l v i n .

        dTw=0.001* Twvr[atmSPW]- Piw[atmSPW]- Grw[atmSPW]* Tsky
        
        #  Se t  i t  as  t he  RHS componen t .

        CC[eqCount]=dTw

        # -  Ammend  the  RHS vec to r :  Ca l i b ra t i on  da ta .

        
        #   T h i s  i s  a  s o r t  o f  t r i c k .  I t  w o u l d  b e  n a t u r a l  t o  a d d  e q u a t i o n s  

        #   Grw [a tmSPW]=1 .0 ,  P iw [a tmSPW]=0 .0 .  Bu t  we  l i ke  to  keep  the  s t ruc tu re

        #   o f  d W d B d G 2 ( )  e q u a t i o n s  ( w i t h  a l l  t h e  l i n - a l g e b r a  a p p a r a t u s  f o r  i t s

        #   ' p a i n - l e s s '  s o l u t i o n ) ,  s o  w e  e n c o d e d  t h e  t r i v i a l  e q s .  a b o v e  i n t o

        #  form Tamb=Grw*Tamb+Piw, Thot=Grw*Thot+Piw,  which has exact ly  the

        #   s a m e  s o l u t i o n  G r w = 1 . 0 ,  P i w = 0 . 0 .  T h i s  f o r m  i s  c o - v a r i a n t  w i t h  t h a t

        #   used  i n  PWV p roxy  ca l cu la t i on  i n  dWdBdG2( ) .

        
        #  A m b i e n t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .

        #  N o t e :  U n l i k e  T w v r ,  t h e  T a m b  a n d  T h o t  a r e  i n  k i l o K e l v i n s  a l r e a d y .

        CCA[eqCount]=Tamb- Piw[atmSPW]- Grw[atmSPW]* Tamb
        #  H o t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .

        CCH[eqCount]=Thot- Piw[atmSPW]- Grw[atmSPW]* Thot
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        # -  D i a g n o s t i c s

        
        #  Res idua  o f  sky  t empera tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

        resT[atmSPW]=dTw.mean()

        # Mapping between ATM SPW and equation number.

        spw2row[atmSPW]=eqCount
        
        eqCount+=1
        
      else: print('Ignoring flagged ',atmSPW,' WVR channel.')
      # - - >  e n d i f ( n o t  f l a g g e d )

      
    #--> endfor(ATM SPWs)

    #  N o w ,  t h e  e q C o u n t  s h o u l d  b e  t h e  s a m e  a s  e q B l o c k S i z e .  J u s t  c h e c k  i t .

    i f (eqCount ! = eqBlockSize):
      print("******* Ooops, something is wrong !*******")
      print("   The expected number of equations does not correspond to the")
      print("   number of measured and non-flagged SPWs/polarization channels.")
      return False

    
    # - -  S o l u t i o n  o f  t h e  g r a n d  s y s t e m  o f  l i n e a r i s e d  e q u a t i o n s .  S e e  d W d B d G 2 ( )  f o r

    #    e x p l a n a t i o n .

    #-  Ammend the  RHS vec to r :  A r ray -mean  ta rge t  b r igh tness  tempera tu res .

    #  E f f e c t i v e  e x p e c t e d  t a r g e t  T _ B  w i t h  t h e  m o d e l  a t  w o r k - p o i n t  s u b t r a c t e d .

    #  I n  o u r  c a s e ,  e f f e c t i v e  T _ B  i s  j u s t  t h e  p a r t  o f  ' p a r a s i t i c '  i l l u m i n a t i o n .

    #  F o r  f a r - o f f - S u n  p o i n t i n g s  T _ t g t  i s  s e t  t o  z e r o .  F o r  n e a r - S u n  p o i n t i n g s

    # we use so l I l lumant ion=True and Tsun0 is  unbound because mWeight=0.

    CCM[0]=T_tgt- Tsun0

    # -  C a l c u l a t e  t h e  s m a l l - b l o c k  m a t r i c e s  a n d  t h e i r  i n v e r s i o n s  n e e d e d  f o r

    #   g r a n d - s y s t e m  i n v e r s i o n .

    #  1 .  N a t u r a l  ( N - b l o c k )  m a t r i c e s .

    J_wb_T=np.transpose(J_wb)
    J_K=np.matmul(J_wb_T,J_wb)
    J_K_inv=np.linalg.inv(J_K)

    #  2 .  G a i n / P _ i n s t  ( G - b l o c k )  m a t r i c e s .

    J_gp_T=np.transpose(J_gp)
    
    #  3 .  A C D  r o w s  ( A - b l o c k )  m a t r i c e s .

    #  C a l c u l a t e  t r a n s p o s i t i o n s  p e r  s u b - b l o c k  ( a m b i e n t / h o t ) .

    #  W e  n e e d  t o  c o p y ( )  h e r e  -  s e e  t h e  s a m e  p l a c e  i n  d W d B d G 2 ( )  f o r  e x p l a n a t i o n !

    J_cdA_T=np.transpose(J_cdA).copy()
    J_cdH_T=np.transpose(J_cdH).copy()

    #  I n c r e a s e  i m p o r t a n c e  o f  t h e  A C D  r o w s  b y  c a l i b r a t i o n  w e i g h t .

    #  O n l y  t h e  t r a n s p o s e d  A - b l o c k  m a t r i c e s  s h o u l d  b e  s c a l e d  u p !

    J_cdA_T*=calWeight
    J_cdH_T*=calWeight
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    #  C o m p o s e  t h e  f u l l  b l o c k  a n d  i t s  t r a n s p o s i t i o n .  T h e  t r a n s p o s i t i o n  t o  b e

    #  s c a l e d  u p  -  s e e  a b o v e .  O r ,  a l t e r n a t i v e l l y ,  i t  c a n  b e  b u i l t  a s

    #  np .hs tack ( [ J_cdA_T ,J_cdH_T ] )  f r om a l ready  sca led -up  t ransposed  sub -b locks .

    J_cd=np.vstack([J_cdA,J_cdH]).copy()
    J_cd_T=calWeight* np.transpose(J_cd)

    #  4 .  A r r a y - m e a n  ( M - b l o c k )  r e l a t e d  m a t r i c e s .  I n c o r p o r a t e  m W e i g h t  i n t o  M ^ T ,  i n

    #  l i n e  w i t h  w h a t  w e  h a v e  d o n e  w i t h  c a l W e i g h t  f o r  t h e  A ^ T  a n d  H ^ T  m a t r i c e s .

    M_T=np.array([[0.0],
                  [nsInv* mWeight]])   # mWeight*M^T

    
    # Pre-ca lcu la ted  nSamples*mWeigh t * (M^T x  M)  mat r i x .

    #  L i k e  w i t h  A ^ T  x  A ,  t h e  M ^ T  x  M  p r o d u c t  i s  s c a l e d - u p  b y  m W e i g h t  j u s t  o n c e

    #  ( n o  m W e i g h t  s q u a r e d ! ) .  M o r e o v e r ,  w e  s c a l e  i t  u p  h e r e  y e t  b y  n S a m p l e s ,

    #  i n  o r d e r  t o  a v o i d  t r i v i a l  p r o d u c t  n s I n v * n S a m p l e s = 1  i n  t h e  f o l l o w i n g  c a l c s .

    nsMTM=np.array([[0.0, 0.0],
                    [0.0, nsInv* mWeight]])

    #  F r e q u e n t l y  r e p e a t i n g  b l o c k s .  N M _ i n v  p l a y s  a  r o l e  o f  m o d i f i e d  J _ K _ i n v .

    NM=J_K+nsMTM              # J_K+nSamples*mWeight*M^T x M

    NM_inv=np.linalg.inv(NM)  # NM^(-1)

    
    #  O f f - d i a g o n a l  b l o c k s  o f  t h e  i n v e r t e d  n a t u r a l  s u b - m a t r i x  ( A i n v ) .

    J_M_inv=nsInv* (NM_inv- J_K_inv)

    
    # -  B a s e - m a t r i x  e x t e n s i o n s .

    
    #  R i g h t  a n d  l o w e r  b a n d s :  T h e i r  ( n E q s  x  2 )  a n d  ( 2  x  n E q s )  r e p e a t i n g  b l o c k s .

    Rb=np.matmul(J_wb_T,J_gp)    
    Lb=np.transpose(Rb)
    
    #  L o w e r - r i g h t  c o r n e r

    LRc=nSamples* np.matmul(J_gp_T,J_gp)+np.matmul(J_cd_T,J_cd)

    # -  F r e q u e n t l y  r e p e a t i n g  m a t r i x  p r o d u c t s .  C f .  w i t h  e x t M a t I n v ( )  a b o v e .

    #  A i n v  x  R b  a n d  L b  x  A i n v

    AinvRb=np.matmul(NM_inv,Rb)
    LbAinv=np.transpose(AinvRb)
       
    # -  S c h u r  c o m p l e m e n t  a n d  i t s  i n v e r s i o n .

    SC=LRc- nSamples* np.matmul(Lb,AinvRb)
    SC_inv=np.linalg.inv(SC)

    # -  B l o c k s  o f  i n v e r t e d  g r a n d - s y s t e m  m a t r i x .

    #  S t a r t  w i t h  t h e  l o w e r - l e f t  b l o c k  a s  i t  r e p e a t s  i n  u p p e r - l e f t  b l o c k ,  t o o .

    Minv21= -np.matmul(SC_inv,LbAinv)
     
    #  U p p e r - l e f t  b l o c k :  O f f - d i a g o n a l  t e r m s .  T h e  d i a g o n a l  b l o c k s  d i f f e r  j u s t

    # by  added J_K_ inv .

    Minv11_OD=J_M_inv- np.matmul(AinvRb,Minv21)
   
    #  U p p e r - r i g h t  b l o c k .

    Minv12=np.transpose(Minv21)

    #  L o w e r - r i g h t  b l o c k .
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    Minv22=SC_inv

    # - -  A p p l y  t h e  i n v e r t e d  m a t r i x  c o m p o n e n t s  t o  t h e  R H S  v e c t o r .

    
    # Sum o f  the  RHS a long  the  t ime ax is ,  keep ing  the  SPW:POL d imens ion .

    #  P r e s e r v e  t h e  n u m b e r  o f  m a t r i x  r o w s ,  j u s t  s u m  t h e i r  c o n t e n t s ,  i . e .  m a k e

    #  t h e  s i n g l e - c o l u m n  m a t r i x .

    CCsum=np.reshape(CC.sum(axis=1),(- 1,1))

    # -  F o r m  t h e  R H S  v e c t o r  f o r  t h e  n o r m a l  e q u a t i o n s  ( K - f o r m  m i n i m i z e r ) ,

    #   i . e ,  m u l t i p l y  t h e  r a w  d a t a  b y  J J _ T  

    #  S t a r t  w i t h  t h e  n a t u r a l - v a r i a b l e s  d W  a n d  d B  p a r t .

    C_K_wb=np.matmul(J_wb_T,CC)+np.matmul(M_T,CCM)  #  2  x  nSamp les  mat r i x

    #  M a k e  t h e  s a m e  a l s o  f o r  i t s  t i m e - s u m .

    C_K_wb_sum=np.matmul(J_wb_T,CCsum)+nSamples* np.matmul(M_T,CCM)   #  2  x  1

    
    #  F o l l o w  w i t h  t h e  i n s t r u m e n t a l  p a r t .

    C_K_gp=(np.matmul(J_gp_T,CCsum)      # 2*eqCount  x  1

            +np.matmul(J_cdA_T,CCA)
            +np.matmul(J_cdH_T,CCH))

    # -  A p p l y  b l o c k s  o f  t h e  i n v e r t e d  J J _ K ^ ( - 1 )  m a t r i x  t o  t h e  C _ K  R H S  v e c t o r .

    #  C o n s t a n t  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r  ( 2  x  1 )

    nvConst=np.matmul(Minv11_OD,C_K_wb_sum)+np.matmul(Minv12,C_K_gp)

    #  T i m e - v a r y i n g  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r .  I t  c o m e s  f r o m  t h e

    #  add i t i on  to  the  M inv11  d iagona l - te rms  (see  comment  above  a t  M inv11_OD) .

    nvVar=np.matmul(J_K_inv,C_K_wb)  # 2 x nSamples 

    #  C o m p o s e  t h e  c o m p l e t e  n a t u r a l  v a r i a b l e s  v e c t o r .

    varNat=nvVar+nvConst

    #  I n s t r u m e n t a l  v a r i a b l e s .  T h e  r e s u l t  i s  o f  2 * e q B l o c k S i z e  x  1  s h a p e .

    varInst=np.matmul(Minv21,C_K_wb_sum)+np.matmul(Minv22,C_K_gp)

    # -  R e s h a p e  t h e  r e s u l t s  -  e x t r a c t  o u r  e l e m e n t a r y  v a r i a b l e s .

    
    #  Seapara te  t he  na tu ra l - va rs  componen ts .

    #  PWV va r i a t i ons .

    dW=varNat[0]
    #  I l l u m i n a t i o n / b r i g h t n e s s  v a r i a t i o n s :  I n  t h i s  a p p r o a c h  w e  m a y  h a v e  t h e m ,  t o o

    dB=varNat[1]

    
    #  R e s h a p e  i n s t r u m e n t a l  p a r a m e t e r s  t o  t w o  r o w s  ( t r a n s p o s e ) :  1 s t  i s  d P _ i n s t ,

    # the 2nd dG, one component  per  WVR channel .

    dPG=np.transpose(np.reshape(varInst,(eqBlockSize,2)))

    #  E x t r a c t  t h e  s h i f t s  i n  t h e  P _ i n s t  a n d  G  

    dPinst=dPG[0]    
    dGinst=dPG[1]

    # -  A n a l y t i c s :  C a l c u l a t e  t h e  e r r o r s  f o r  t h e  o v e r - d e t e r m i n e d  s e t  o f  e q s .

    #   S e e  c o r r e s p o n d i n g  p a r t  o f  d W d B d G 2 ( )  f o r  e x p l a n a t i o n  o f  e r r o r  e s t i m a t i o n .



2.10.2026 sol_wvgcal.py 256

file:///home/barta/ALMAsol/sol_wvgcal.py

    #  e r r = f ( x ) - b :  S c i - d a t a  p a r t .

    errVec=np.matmul(J_wb,varNat)+np.matmul(J_gp,varInst)- CC
    #  X i  s q u a r e  f o r  t h e  s c i - d a t a  p a r t ,  n o r m a l i z e d  p e r  o n e  e q u a t i o n .

    xiSci=np.sum(errVec* errVec)/ (nSamples* eqBlockSize)

    #  X i  Squares  pe r  SPW:Po l  channe l .  Sum/average  on ly  ove r  t imes .

    xiSciPerChan=np.sum(errVec* errVec,axis=1)/ nSamples
    # I ts  mean and RMS.

    xscMean=xiSciPerChan.mean()
    xscRMS=xiSciPerChan.std()
    #  F i n d  o u t l i e r s  (  >  3  s i g m a ) .  T h e  b a d D a t a  a r r a y  c o n t a i n s  i n d i c e s  o f

    #  those  equa t ions ,  where  the  ag reemen t  be tween  mode l  and  obse rva t i on  i s

    #  excep t i ona l y  weak .

    badData=np.flatnonzero(abs(xiSciPerChan- xscMean)>3.0* xscRMS)

    #  S h o w  s o l u t i o n  e r r o r s  p e r  W V R  c h a n n e l  a n d  m a r k  ( l a t e r  p o s s i b l y  a u t o - f l a g )  

    #  the  WVR channe ls  w i th  bad  da ta ,  i f  we  have  some.

    #  We  do  no t  have  an  i nve rse  map  to  spw2row ,  so  we  have  to  t r ave rse .

    f o r wvrChan,eqRow i n spw2row.items():
      print('WVR chan '+str(wvrChan)+': Error: ',
            np.sqrt(xiSciPerChan[eqRow])* 1000.0,'K')
      i f  eqRow i n badData: print('\t\t!!! Bad data in WVR chan',str(wvrChan),
                                 ':',(xiSciPerChan[eqRow]- xscMean)/ xscRMS,
                                 'sigma from the mean.')        
     
    #  e r r = f ( x ) - b :  C a l i b r a t i o n - d a t a  p a r t .

    errVecACDamb=np.matmul(J_cdA,varInst)- CCA
    errVecACDhot=np.matmul(J_cdH,varInst)- CCH
    #  X i  s q u a r e  f o r  t h e  c a l - d a t a  p a r t .  

    xiACD=np.sum(errVecACDamb* errVecACDamb)+np.sum(errVecACDhot* errVecACDhot)
    # Normal i zed  per  equat ion  -  see  cor respond ing-p lace  comment  in  dWdBdG2( ) .

    xiACD/ =eqBlockSize

    #  e r r = f ( x ) - b :  A r r a y - m e a n  T _ B  ( i l l u m i n a t i o n )  p a r t .

    errVecMeanTb= -CCM
    #  X i  s q u a r e  f o r  t h e  a v e r a g e d  i l l u m i n a t i o n  p a r t .

    #  W e  h a v e  j u s t  a  s i n g l e  e q u a t i o n ,  t h u s  n o  n o r m a l i z a t i o n  i s  r e q u i r e d .

    xiTbM=np.sum(errVecMeanTb* errVecMeanTb)

    #  G r a n d - t o t a l  X i - s q u a r e  n o r m a l i z e d  t o  t h e  n u m b e r  o f  e q u a t i o n s  f o r

    #  t h e  n a t u r a l / s c i e n c e ,  A C D ,  a n d  m e a n - a r r a y  s u b - b l o c k s .

    xiSquare=xiSci+xiACD+xiTbM

    # -  A l l  v a r i a t i o n s  s h o u l d  t e n d  t o  z e r o  m e a n s .

    dW_mean=dW.mean()
    dB_mean=dB.mean()
    
    #  U p d a t e  s t a t i o n a r y  p a r t  o f  P W V  a n d  i l l u m i n a t i o n  b y  a v g s  o f  t h e i r  v a r i a t i o n s

    w0+=dW_mean
    Tsun0+=dB_mean

    
    #  U p d a t e  a l s o  t h e  P i w  a n d  G r w  b y  t h e  f o u n d  d i f f e r e n c e s .

    #  F i n d  t h e  m a x i m u m  i n t e r - i t e r a t i o n  c h a n g e  f o r  c o n v e r g e n c e  d i a g n o s t i c s .  

    dT_inst_sup= -1.0
    dG_rel_sup= -1.0
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    f o r atmSPW,eqCount i n spw2row.items():
      #  Upda te  t he  P_ ins t  and  G .

      Piw[atmSPW]+=dPinst[eqCount]
      Grw[atmSPW]+=dGinst[eqCount] 

      #  C h a n g e  o f  i n s t .  p o w e r  e x p r e s s e d  i n  k i l o K e l v i n s .  

      dT_inst=abs(dPinst[eqCount]/ Grw[wvrChan])
      i f (dT_inst > dT_inst_sup): dT_inst_sup=dT_inst

      #  C h a n g e  o f  g a i n  i n  t h e  r e l a t i v e  s c a l e .

      dG_rel=abs(dGinst[eqCount]/ Grw[wvrChan])
      i f (dG_rel > dG_rel_sup): dG_rel_sup=dG_rel        
    #--> endfor(non-f lagged WVRchannels/atmSPWs)

    # - -  C o n v e r g e n c e  d i a g n o s t i c s  /  I t e r a t i o n  c o n t r o l .

    #  C a l c u l a t e  t h e  n o r m a l i z e d  i n t e r - i t e r a t i o n  c h a n g e  o f  o p e r a t i o n  p o i n t .

    #  T h e  f a c t o r  0 . 5  c o m e s  f r o m  s q r t ( 1 / 4 )  a s  w e  h a v e  4  ' o r t h o g o n a l '  v a r i a b l e s .

    epsilon=0.5* np.sqrt((dW_mean/ dwMean_max)* * 2+(dB_mean/ dbMean_max)* * 2+
                        (dG_rel_sup/ dG_max)* * 2+(dT_inst_sup/ dTinst_max)* * 2)
      
    #  I n c r e m e n t  t h e  i t e r a t i o n  c o u n t e r .

    itCount+=1

    # -  D i a g n o s t i c  p r i n t - o u t s .

    #  U p d a t e d  s c a n - a v e r a g e d  P W V  a n d  s o l .  i l l u m i n a t i o n  a f t e r  c o m p l e t e d  i t e r a t i o n .

    print('vvvvvvv\n After iteration no. ',itCount)
    print('Mean PWV for the scan,',tgtScan,' w0 = ',w0,"mm"
          ", mean Tsun(illumination) = ",1000.0* Tsun0,"K") #  s c a l e  t o  K e l v i n s

   
    #  M e a n  v a l u e s  o f  d W  a n d  d B  f l u c t u a t i o n s  s h o u l d  t e n d  t o  z e r o .

    print("dW mean: ",dW_mean)
    print("dB mean: ",dB_mean)

    #  S k y - b r i g h t n e s s  r e s i d u a  s h o u l d  t e n d  t o  z e r o ,  t o o .

    #  C o n v e r t  t h e  s p w I d  m a p s  t o  n p . a r r a y s  f i r s t .  W e  h a v e  t o  g o  v i a  ' l i s t ' .

    #  S c a l e - u p  b a c k  t o  K e l v i n s  ( w e  c a l c u l a t e  i n  k i l o K e l v i n s ) .

    resTArr=1000.0* np.array(list(resT.values()))
  
    print("res T: ", resT,"mean +/- RMS: ",resTArr.mean(),"+/-",resTArr.std())

    #  N o t e :  H e r e  w e  m e a s u r e  t h e  P i n s t  c h a n g e  d i r e c t l y  i n  K e l v i n ( ! ) ,  a s  n o m i n a l

    #  P i w  i s  z e r o .  F o r  g a i n ,  w e  n e e d  n o t  t o  d i v i d e  b y  G r w  a s  i t  i s  n o m i n a l l y  1 .

    print("\nInstrumental characteristics shifts during the iteration:")
    f o r atmSPW,eqCount i n spw2row.items():
      print("WVR chanNum = ",atmSPW,"\tdP_I =",1000.0* dPinst[eqCount],"K",
            "\tdG/G =",dGinst[eqCount]* 100,"%") 
    
    print('^^^^^^^\n\n')

  # - - >  e n d w h i l e ( n o n - z e r o - m e a n s )  /  E n d  o f  s o l u t i o n  i t e r a t i o n  l o o p .    

  # - -  D i a g n o s t i c  p l o t s .

  #    M a k e  a  p l o t  c o m p a r i n g  t h e  m e a s u r e d  f l u c t u a t i o n s ,  t h e i r  p a r t  a t t r i b u t e d  t o

  #    t h e  i n t r i n s i c  b r i g h t n e s s  c h a n g e s ,  a n d  e r r o r  i n  e q s - s y s t e m  s o l u t i o n .
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  #  W e  m a y  h a v e  a  s e t  o f  p e r - s c a n  f i g u r e s :  D i s t i n g u i s h  b y  s c a n  I D  i n  f i l e n a m e .

  scID='_{:02d}'.format(tgtScan)
  #  A n t e n n a  I D  a s  a  2 - d i g i t  s t r i n g .

  antIDstr='{:02d}'.format(int(antID))
  
  # - S e t  t h e  p l o t t i n g  d e v i c e .

  plt.rcParams["figure.figsize"] = (15,15)
  #  X - a x i s  l a b e l

  plt.xlabel('Time [MJDsec]')
  #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+str(antID)+', scan '+str(tgtScan))

  # Color-map for  WVR-channels/ATM-SPWs 0 -  3.

  csline={0:'-r',1:'-g',2:'-b',3:'-k'}
  
  # -  M a k e  t h e  * a n a l y t i c a l *  p l o t s  -  l e a s t - s q u a r e  r e s i d u a l s  e t c .

  f o r spw,eqRow i n spw2row.items():
    #  R e s i d u a l s / e r r o r s  a s  t e m p e r a t u r e  i n  K e l v i n s .

    plt.plot(wTime,1000.0* errVec[eqRow],csline[spw])

  # -  S a v e  t h e  p l o t s  t o  a  f i l e  a n d  c l o s e .

  
  plt.savefig(plotDir+'/errs-scan_'+scID+'_ant_'+antIDstr+'.png') 
  plt.show() 
  plt.close()

  # - -  M a k e  t h e  f u l l  * s o l u t i o n *  p l o t s :  P W V ( t )  a n d  T s u n _ i l l u m i n a t i o n ( t ) .

  #  A d d  v a r i a t i o n s  t o  t h e  m e a n  ( s c a n - a v e r a g e d )  v a l u e s .

  #  S c a l e  t h e  s o l a r  i l l u m i n a t i o n  t e m p e r a t u r e  f r o m  k i l o K e l v i n s  b a c k  t o  K e l v i n s .

  pwv=w0+dW # mm

  Tsun=1000.0* (Tsun0+dB) # K

  #  S e t  t h e  s i z e  o f  t h e  p l o t

  plt.rcParams["figure.figsize"] = (10,5)
  #  M a k e  s l o w - W V  a n d  f a s t - W V  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

  ff,(sp1,sp2)=plt.subplots(1,2)
  #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

  plt.suptitle('Antenna '+str(antID)+', scan '+str(tgtScan))

  #  L e f t  p a n e l :  F a s t  v a r i a t i o n s  -  a p p a r e n t  t a r g e t  b r i g h t n e s s

  sp1.plot(wTime,Tsun,'-r')

  #  R i g h t  p a n e l :  S l o w  v a r i a t i o n s  -  t o t a l  P W V  ( c o m p r e s s i o n  +  h u m i d i t y ) .  

  sp2.plot(wTime,pwv,'-g')
  
  plt.savefig(plotDir+'/dWdB/scan_'+scID+'_ant_'+antIDstr+'.png') 
  plt.show() 
  plt.close()

  #- -  Show,  how much  the  i ns t rumen ta l  va r i ab les  G  and  P_ ins t  have  changed .

  print("Corrected relative gains [dimension-less]: ", Grw)
  print("Corrected instrumental offsets [K]:", 1000.0* Piw)
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  #  P r i n t  t o t a l  q u a d r a t i c  e r r o r  f o r  t h e  v a r i a b l e s .

  print("\n======= Xi-squares =======     SCI: ",xiSci,
        ", ACD:",xiACD,", Array-mean: ",xiTbM,
        " | Total-per-equation:", xiSquare,
        "\n-------> Estimated total error per equation:",
        np.sqrt(xiSquare)* 1000.0,"K -------\n\n")

  
  # - -  E x p o r t  t h e  r e s u l t i n g  d a t a  i n  t h e  ' c o n f o r m i n g '  f o r m a t .

  return {'time':wTime,'pwv':pwv,'T_B':Tsun,'J':J_wb,'C':CC}
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdLs4_weights(vis,myAtm,antID,tgtScan,
                   flaggedWVRchannels=[],ssType='',solIllumination=False,
                   myMsmd=None,acdLoads=None):

  " " "  

  S im i l a r  t o  dBdWdG2_we igh ts ( ) .  We  a re  va ry ing  the  *ca lWe igh t *  and  *mWeigh t *

  p a r a m e t e r s  ( o n e  a t  a  t i m e ,  s e l e c t e d  b y  c o m m e n t i n g / u c o m m e n t i n g  t h e  l i n e

  w i t h  * t h e W e i g h t *  b e l o w  i n  t h e  c o d e )  i n  o r d e r  t o  f i n d  t h e i r  o p t i m i z e d  v a l u e s ,

  w h i c h  s o m e h o w  m i n i m i z e  t h e  c o m b i n e d  e r r o r  ( r e s i d u u m )  o f  n a t u r a l ,  i n s t r u m e n t a l ,

  a n d  m e a n - a r r a y  p a r t s  o f  o u r  g r a n d - s y s t e m  o f  e q u a t i o n s .

  I m p l e m e n t a t i o n :  B a s i c a l l y ,  w e  u s e  t h e  d W d L s 4 ( ) ,  w h e r e  t h e  m a i n  s o l u t i o n - f i n d e r

  i t e r a t i o n  l o o p  i s  n e s t e d  i n  a n  o u t e r  l o o p  o f  v a r y i n g  c a l W e i g h t / m W e i g h t .  H e r e ,

  s o m e  e x p l a i n i n g  c o m m e n t s  a r e  a b b r e v i a t e d  -  s e e  d W d L s 4 ( )  f o r  f u l l  d e t a i l .

  M o r e o v e r ,  t h e  p l o t s  o f  a l l  t i m e - d e p e n d e n t  q u a n t t i e s  a r e  o m i t t e d .

  " " "

  
  # - - -  S t a t i c  p a r a m e t e r s

  # -  I / O

  #  I n p u t  d a t a  f r o m  t h e  A T M  s c a n  p r e c e d i n g  t h e  t a r g e t  s c a n .

  atmScan=tgtScan- 1
  
  # -  T o o l s ,  g l o b a l  d a t a

  
  #  F l a g s  u s e d  t o  c h e c k ,  w h e t h e r  w e  s h o u l d  c l o s e  t h e  t o o l  l a t e r .

  ownMsmd=False

  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMsmd):
    # Open the  msmd too l .

    myMsmd=msmdtool()
    myMsmd.open(vis)
    ownMsmd=True
    
  #  C r e a t e  o u r  d i c t i o n a r y  w i t h  A C D  l o a d  t e m p e r a t u r e s  ( a m b i e n t ,  h o t )  i f  n e e d e d .

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis, doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)
    
  #-  Antenna
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  antNames=myMsmd.antennanames()
  myAntName=antNames[antID]
  antType=myAntName[:2]

  #  M a p  t h e  a n t e n n a  e f f i c i e n c i e s  b y  a n t e n n a  t y p e .  A s  p e r  i n v e s t i g a t i o n  f r o m

  # merged T_sun tempera tures  fo rm 2023 and 2026 data  (p ro jec t_22_25_Tb.ods) .

  eta_l_map={'CM':0.941,'DA':0.947,'DV':0.956}
  eta_F_map={'CM':0.891,'DA':0.897,'DV':0.906}

  #  R e a r - s p i l l o v e r  +  o h m i c  a n t e n n a  e f f i c i e n c y  -  s e e  p r o j e c t _ 2 2 _ 2 5 _ T b . o d s

  eta_l=eta_l_map[antType]
  #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y  -  s e e  p r o j e c t _ 2 2 _ 2 5 _ T b . o d s

  eta_F=eta_F_map[antType]

  #  W e  h a v e  t w o  e x c e p t i o n  t h a t  s e e m  t o  h a v e  s y s t e m a t i c a l l y  l o w e r

  #  an tenna  e f f i c ienc ies :  DA64  and  DV08  -  see  p ro jec t_22_25_Tb .ods

  i f  myAntName=='DA64':
    eta_l=0.929
    eta_F=0.880
  i f  myAntName=='DV08':
    eta_l=0.943
    eta_F=0.894

  #  E x t r a c t  a m b i e n t  &  h o t  t e m p e r a t u r e s  f o r  t h e  c u r r e n t  a n t e n n a  a n d  s c a n .

  #  I t  d e t e r m i n e s  t h e  r e a r - s p i l l o v e r  c o n t r i b u t i o n  t o  n o i s e .

  #  S c a l e d  t o  k i l o K e l v i n s ! ! !

  Tamb = 0.001* acdLoads[antID][atmScan]['amb']
  Thot = 0.001* acdLoads[antID][atmScan]['hot']

  #  H o w  s t r o n g l y  w e  i n s i s t  o n  c a l i b r a t i o n  s o l u t i o n  G = 1 . 0 ,  P _ i n s t = 0 . 0 .

  # See comment in dWdBdG2().

  #  The  used  va lue  has  been  found  exper imen ta l l y  v ia  dWdLs4_we igh ts ( ) .

  # Search mark in dWdLs4_weights():  CW_2W

  calWeight=20.0
    
  # -  T a r g e t

  
  #  I n i t i a l  g u e s s  o f  t h e  s o l a r  b r i g h t n e s s  t e m p e r a t u r e .

  #  S D  c a l i b r a t i o n  s c r i p t :  R e f e r e n c e  T _ b  f o r  s o l a r  d i s c  c e n t e r  @ 1 9 8 G H z

  TsunCenter=6.300  #  k i l o K e l v i n s ! ! !

  #  S o l a r  r a d i u s .

  Rsun=696000 # km

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    
  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  D e c  2 0 2 3  B a n d  5  o b s e r v a t i o n .

  x_h=928.0 #  a rcsec

  y_h=87.0  #  a rcsec

  #  Ea r t h -Sun  d i s t ance  f o r  Dec  2023  Band  5  obse rva t i on .

  Dsun=1.4723338439337283e8 # km

  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .
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  " " "

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    

  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  J u l y  3 0  2 0 2 6 B a n d  5  o b s e r v a t i o n .

  ' ' '

  T a r g e t :         R A = 0 8  3 7  1 8 . 0 1  D E C = + 1 8  3 1  2 3 . 0

  Sun  cen te r :     RA=08 38  15 .79  DEC=+18 28  47 .2

  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

  d i f f  ( a r c s e c ,  i n c l .  c o s ( d e l t a ) ) :  8 2 2    1 5 5 . 8

  ' ' '

  x_h=822 .0  #  a rcsec

  y _ h = 1 5 5 . 8   #  a r c s e c

  

  #  E a r t h - S u n  d i s t a n c e  f o r  J u l y  3 0  2 0 2 6  B a n d  5  o b s e r v a t i o n .

  Dsun=1.01508611721886*149597870.700 # km

  

  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  " " "

  
  #  A p p a r e n t  a n g u l a r  s o l a r  r a d i u s  i n  a r c s e c .

  r_sol=180.0* 3600.0* Rsun/ (Dsun* np.pi)
  
  #  m u = c o s ( t h e t a ) .  U s e d  f o r  l i m b - b r i g h t e n n i n g  c o r r e c t i o n  b e l o w .

  mu=np.sqrt(1.0- (x_h* * 2+y_h* * 2)/ r_sol* * 2)
  
  #  b _ 2 = 2 . 0 * a _ 2 ,  w h e r e  a _ 2  i s  t h e  t e m p e r a t u r e  d r o p  w i t h  f r e q u e n c y  i n  E q .  ( 4 )

  #  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  S c a l e d  t o  k i l o K e l v i n s !

  b_2= -1.127 #  =  2 x  ( - 5 6 3 . 5 K )  a s  p e r  T a b l e  2  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  #  B r i g h t n e s s  t e m p e r a t u r e  c o r r e c t e d  t o  l i m b  b r i g h t e n n i n g  -  s e e

  #  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  

  Tsun00=TsunCenter+0.5* b_2* np.log(mu) # kK

  #  R e f e r e n c e  f r e q u e n c y  f o r  t h e  s o l a r  s p e c t r u m :  W e  t a k e  t h e  L O  f r e q u e n c y  ( i n  H z )

  f_LO=1.98e11

  #  S o l a r  i l l u m i n a t i o n .  M a y  b e  e i t h e r  z e r o  o r  u n b o u n d ,  d e p e n d i n g  o n  t h e

  #  s o l I l l u m i n a t i o n  p a r a m e t e r  s e t t i n g  ( T / F ) .

  T_tgt=0.0
  
  i f (solIllumination):
    #  D o  n o t  a p p l y  T s u n = 0  c o n d i t i o n ,  w e  a l l o w  f o r  u n b o u n d  i l l u m i n a t i o n .

    #  I f  m W e i g h t  i s  s e t  t o  z e r o ,  t h e  T _ t g t  v a l u e  i t s e l f  i s  i r r e l e v a n t .

    mWeight=0.0
  else:
    #  W e  a r e  p o i n t i n g  f a r  o f f  t h e  S u n .  E n f o r c e  z e r o  i l l u m i n a t i o n  b y  a d d i n g

    #  t h e  T _ t g t = 0 . 0  e q u a t i o n  w i t h  t h e  a p p r o p r i a t e  w e i g h t .

    # Search mark in dWdLs4_weights(): MW_2W

    mWeight=1.0 

  #- Atmosphere

  #  H o w  m a n y  A T M  ( i . e .  i n  t h e  m o d e l )  s p w s  d o  w e  h a v e ?  I n  t h i s  c a s e  i t  i s

  # the  same as  the  number  o f  the  WVR channe ls .

  nAtmSPWs=myAtm.getNumSpectralWindows()

  # In i t ia l  guess o f  mean PWV: Scan-center  in terpo la ted ASDM_CALWVR va lue.

  pwv0=getPWVforAnt(vis,tgtScan,antID,myMsmd)['pwvAvg']



2.10.2026 sol_wvgcal.py 262

file:///home/barta/ALMAsol/sol_wvgcal.py

  #  S e t  i n i t i a l  e s t i m a t i o n  o f  P W V  t o  t h e  A T M  m o d e l .

  myAtm.setUserWH2O(qa.quantity(pwv0,'mm'))

  #  A i r m a s s  f o r  t h e  s o l a r  s c a n .

  airMass=myAtm.getAirMass()

  #  P r i n t  t h e  i n i t i a l  e s t i m a t e s .  T e m p e r a t u r e  t o  b e  s c a l e d  f r o m  k i l o K e l v i n s  t o  K .

  print('....... Initial estimate')
  print('Mean PWV for scan,',tgtScan,' w0 = ',pwv0,'mm @airMass = ',airMass)
  print('Estimated T_B(full Sun) = ',1000.0* Tsun00,'K') #  s c a l e  t o  K e l v i n s .

  print('.......')
  
  #  T h e  M S  m e t a d a t a  h a s  b e e n  r e a d - o u t ,  w e  m a y  c l o s e  t h e  ( l o c a l )  t o o l s .

  i f (ownMsmd): myMsmd.done()
  
  #- -  Ex t rac t  WVR raw tempera tu res .

  
  # Raw WVR Tbs

  wTime,Twvr=wvr_dataRaw(vis,tgtScan,antID,ssType) 

  #  Ave rage  ove r  t ime .

  TwvrMean=np.mean(Twvr,axis=1)
  #  S tddevs  pe r  channe l .

  TwvrRMS=np.std(Twvr,axis=1)

  # - -  F l a g  a n d  r e m o v e  c l e a r  o u t l i e r s .

  
  #  F i n d  a l l  a r r a y  i n d i c e s ,  f o r  w h i c h  d a t a  i n  a t  l e a s t  o n e  o f  t h e  v a l i d

  #  W V R  c h a n n e l s  a r e  o u t  o f  3  s i g m a  i n t e r v a l .

  validWvrChans=np.delete(range(nAtmSPWs),flaggedWVRchannels)

  f o r SPW i n validWvrChans:
    #  O u t l i e r s  (  >  3  s i g m a )  i n  t h e  c u r r e n t  S P W .

    badData=np.flatnonzero(abs(Twvr[SPW]- TwvrMean[SPW])>3.0* TwvrRMS[SPW])
    i f (badData.size):
      print('Flagged in WVR channel no.',SPW,': Data in times ',wTime[badData],
            ', bad temperatures T=',Twvr[SPW,badData])
    
      #  D e l e t e  d a t a  a t  b a d - d a t a  i n d i c e s  i n  * a l l *  W V R  c h a n n e l s ,  s o  t h a t  t h e  d a t a

      #  rema in  homogeneous  i n  t ime .  Make  the  t ime  ax i s  con fo rman t .  

      Twvr=np.delete(Twvr,badData,axis=1)
      wTime=np.delete(wTime,badData)    
  #- ->  end fo r (va l i d  WVR chans )

  # - -  F i n d  d i m e n s i o n s  o f  t h e  s y s t e m .

  
  #  H o w  m a n y  t i m e  s a m p l e s  a r e  i n  t h i s  s c a n  ( a f t e r  f l a g g i n g ) ?

  nSamples=Twvr.shape[1]

  #  How many  equa t i ons  do  we  ac tua l l y  have  pe r  b lock  o f  1  t ime-samp le?

  #  S o m e  W V R  c h a n n e l s  m a y  b e  f l a g g e d  ( t y p i c a l l y ,  t h e  c h a n n e l  0  i s  s a t u r a t e d ) .

  eqBlockSize=nAtmSPWs- len(flaggedWVRchannels)

  #  P r e - c a l c u l a t e d  f r e q u e n t l y  r e p e a t i n g  f a c t o r :  I n v e r s e  n u m b e r  o f  t i m e  s a m p l e s .

  nsInv=1.0/ nSamples

  # -  R e l a t i v e  g a i n s  a n d  i n s t r .  o f f s e t s  -  o n e  p e r  W V R  c h a n n e l ,  n o  p o l a r i z a t i o n .
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  #  G a i n s  t o  b e  i n i t i a l i s e d  t o  t h e i r  e x p e c t e d  v a l u e  o f  1 . 0 .

  Grw=np.ones(nAtmSPWs)
  #  O f f s e t s  s h o u l d  b e  c l o s e  t o  0 . 0 .

  Piw=np.zeros(nAtmSPWs)
  
  #-  Recons t ruc t  t he  sub -channe l  f requenc ies  fo r  ou r  ATM SPWs.

  #   W e  n e e d  t h e m  f o r  p r o p e r  s c a l i n g  o f  t h e  s o l a r - i l l u m a n t i o n  s p e c t r u m .

  
  # We have the same number of  sub-channels for  a l l  WVR-channel  ATM SPWs.

  #  F o r t u n a t e l l y ,  b e c a u s e  P y t h o n  i s  i n c a p a b l e  o f  c r e a t i n g  a  v e c t o r  o f  v e c t o r s ,

  #  w h i c h  w o u l d  h a v e  d i f f e r e n t  s i z e s ,  o n l y  r e c t a n g u l a r  m a t r i x  i s  O K  : - (

  nChans=myAtm.getNumChan(0)

  # Frequenc ies  fo r  sub-channe ls  in  our  ATM SPWs.

  wvrFreqs=np.zeros((nAtmSPWs,nChans))

  f o r wC i n range(nAtmSPWs):
    
      fMin=myAtm.getMinFreq(wC)['value'][0]* 1.0e9 # GHz to Hz

      df=myAtm.getChanSep(wC)['value'][0]* 1.0e6   # MHz to Hz

      
      wvrFreqs[wC]=fMin+df* np.arange(nChans)

  # - -  A r r a y s  f o r  c a l c u l a t i o n s  o f  t h e  m a t r i x  a n d  t h e  R H S - v e c t o r  c o m p o n e n t s

  #    o f  t h e  l i n e a r i z e d  s y s t e m  t h a t  d e p e n d  j u s t  o n  t h e  m o d e l s  ( A T M  +  q u i e t  S u n ) .

  #    No te :  I n  t h i s  case ,  when  we  have  1 - t o -1  co r respondence  be tween  t he  mode l

  #    a n d  d a t a  S P W s ,  w e  a c t u a l l y  n e e d  n o t  t o  s t o r e  t h e  p e r - s p w  v a l u e s  t o  a r r a y s .

  #   Bu t  we  keep  the  s t ruc tu re  o f  sc i -SPW approach  in  dWdB_TBs( )  and  dWdBdG() .

  
  # Atmosphere  (+CMB)  br igh tness  tempera tu re  fo r  PWV=w0 and i t s  s lope .

  #  P l a c e - h o l d e r s ,  t o  b e  c a l c u l a t e d  i n s i d e  i t e r a t i o n s .

  TbsW0=np.zeros((nAtmSPWs,nChans))
  dTdW=np.zeros((nAtmSPWs,nChans))

  #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .  P l a c e - h o l d e r s .

  trans=np.zeros((nAtmSPWs,nChans))
  tau_1=np.zeros((nAtmSPWs,nChans))

  #  Ave rage  So la r -F lux  spec t rum:  QSR mode l  no rma l i sed  to  1 .0  a t  f = f_LO.

  SF=1.0+b_2/ Tsun00* np.log(wvrFreqs/ f_LO)

  
  # - - -  S o l v e  t h e  l i n e a r i s e d  s e t  o f  e q u a t i o n s  f o r  d W  a n d  d B  v a r i a t i o n s .

  #     I t e r a t e  u n t i l  t h e y  h a v e  n e g l i g i b l e  m e a n  v a l u e  ( s c a n - a v e r a g e ) .

  # - -  I t e r a t i o n  s e t u p

  #  H a l f  d w  f o r  t h e  e s t i m a t i o n  o f  t h e  d T s k y / d w  b y  c e n t e r r e d  d i f f e r e n c e .

  dws=0.05

  #  S t o p p e r s  f o r  i t e r a t i v e  s o l u t i o n :  W e  s h o u l d  g e t  l e s s  t h e n  t h e s e  v a l u e s .

  #  W e  u s e d  t h o s e  a s  w e i g h t s  i n  c a l c u l a t i o n  o f  e p s i l o n  -  t h e  n o r m a l i s e d

  #  i n t e r - i t e r a t i o n  c h a n g e  o f  o p e r a t i o n - p o i n t  a t  t h e  v e r y  e n d  o f  e a c h  i t e r a t i o n .

  dwMean_max=0.01   # mm

  dbMean_max=0.001  #  k i l o K e l v i n

  dG_max=0.001      #  Re la t i ve  sca le  dG /G

  dTinst_max=0.001  #  d P i n s t / G  i n  k i l o K e l v i n s  
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  #++++++++++++++  Loop over reasonable cal/mWeights +++++++++++

  #  D e f i n e  t h e  c a l W e i g h t / m W e i g h t  i t e r a t i o n  r a n g e s .

  wItSize=101

  #  I n  s e m i - l o g  s c a l e .  U s e  p l t . s e m i l o g x ( x A x i s , y A x i s )  f o r  p l o t .

  #exponen t s=0 .05 * (np .a range (w I tS i ze ) - (w I tS i ze -1 ) / 2 )

  exponents=0.05* (np.arange(wItSize))- 2
  weights=pow(10,exponents)

  ' ' '

  wLow=3.0

  wHigh=33.0

  we igh ts=wLow+(wHigh-wLow) / (wI tS ize-1) *np .arange(wI tS ize)

  ' ' '

  
  # -  W e  s t u d y  i n f l u e n c e  o f  s e l e c t e d  ( i t e r a t e d )  c a l W e i g t h / m W e i g h t  t o :  

  
  # 1. Time-averaged PWV

  iPWV=np.zeros(wItSize)

  #  2 .  T i m e - a v e r a g e d  s o l a r - i l l u m i n a t i o n  b r i g h t n e s s  t e m p e r a t u r e .

  iTSun=np.zeros(wItSize)

  #  3 .  N u m b e r  o f  i t e r a t i o n s  r e q u i r e d  f o r  c o n v e r g e n c e .

  iNIT=np.zeros(wItSize)

  #  4 .  E r r o r s  s e p a r a t e d  b y  ' s u b - s y s t e m s '  o f  e q u a t i o n s :  s c i e n c e  ( s ) ,  A C D  c a l  ( a ) ,

  #     a n d  m e a n - a r r a y  T _ t g t  ( m ) .  

  iXis=np.zeros(wItSize)
  iXia=np.zeros(wItSize)
  iXim=np.zeros(wItSize)

  #  5 .  R e l a t i v e  u p d a t e s  o f  g a i n s  a n d  P _ i n s t .

  iGG=np.zeros((wItSize,nAtmSPWs))
  iPP=np.zeros((wItSize,nAtmSPWs))

  
  # - -  T h e  m a i n  w e i g h t - i t e r a t i o n  l o o p .  

  f o r wi i n range(wItSize):

    theWeight=float(weights[wi])

    #  W h i c h  w e i g h t  d o  w e  i t e r a t e :  c a l W e i g h t  o r  m W e i g h t ?  T h e  2 n d  r e m a i n s  s t a t i c .

    # Select by comment/uncomment.

    #calWeight=theWeight

    mWeight=theWeight
    
    #  R e s e t  t h e  s t a r t i n g  v a l u e s  f o r  i t e r a t i o n s .

    w0=pwv0
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    #  F rom dWdLs4 ( )  we  es t ima te  t he  so la r  con tam ina t i on  ~100K  =  0 .1kK  i n  t he

    #  o n - s o u r c e  s u b s c a n s .  T h e  o f f - s o u r c e  s h o u l d  b e  c o n t a m i n a t i o n - f r e e .

    i f  (ssType=='on'):
      Tsun0=0.1 #  k i l o K e l v i n s

    else:
      Tsun0=0.0 #  n o  i l l u m i n a t i o n

    # -  R e s e t  g a i n s / P _ i n s t  b a c k  t o  t h e i r  p u r e - A C D  v a l u e s .  

    #  G a i n s  t o  b e  i n i t i a l i s e d  t o  t h e i r  e x p e c t e d  v a l u e  o f  1 . 0 .

    Grw=np.ones(nAtmSPWs)
    #  O f f s e t s  s h o u l d  b e  c l o s e  t o  0 . 0 .

    Piw=np.zeros(nAtmSPWs)

    
    #  I t e r a t i o n  c o u n t e r .

    itCount=0
    #  N o r m a l i z e d  i n t e r - i t e r a t i o n  c h a n g e  o f  o p e r a t i o n  p o i n t  -  i t s  i n i t i a l  v a l u e .

    #  A n y t h i n g  b i g g e r  t h a n  1 . 0

    epsilon=10.0

    # - -  S o l u t i o n - f i n d i n g  i t e r a t i o n s :  M i n i m i z e  t h e  m e a n  v a l u e  o f  v a r i a t i o n s .

    while( (epsilon>1.0) and (itCount< 20)):

      # - -  P r e p a r e / r e s e t  t h e  l i n e a r i z e d  s y s t e m  o f  e q u a t i o n s .

      # -  R e p e a t i n g  b l o c k s / t i l e s  f o r  e a c h  t i m e - s a m p l e

      #  N - b l o c k s :  J a c o b i a n - p a r t  f o r  t h e  [ d W , d T ]  ' n a t u r a l '  v a r i a b l e s .

      J_wb=np.zeros((eqBlockSize,2)) #  2  v a r s  r e p e a t i n g  i n  n o n - f l a g g e d  w v r C h a n s

      #  G - b l o c k  m a t r i x :  J - p a r t  f o r  [ d G , d P _ i n s t ]  ' i n s t r u m e n t a l '  v a r i a b l e s .

      J_gp=np.zeros((eqBlockSize,2* eqBlockSize)) # 2  vars  per  each WVR channe l .

      #  A - b l o c k  m a t r i x :  J - p a r t  f o r  [ d G , d P _ i n s t ]  f o r  W V R  " c a l i b r a t i o n "  e q u a t i o n s .

      J_cdA=np.zeros((eqBlockSize,2* eqBlockSize)) # 2  vars  per  WVR channe l ,  amb.

      J_cdH=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  va rs  pe r  WVR channe l ,  ho t .

      #  M - b l o c k  m a t r i x :  J a c o b i a n  p a r t  f o r  [ d W , d T ]  i n  a r r a y - m e a n  e q s .

      #  T h i s  m a t r i x  i s  c o n s t a n t  a n d  c a n  b e  d e f i n e d  a l r e a d y  h e r e .

      J_M=np.array([[0.0, nsInv]])

      #  R H S  v e c t o r  f o r  a l l  t i m e  s a m p l e s  s t a c k e d  a s  a  m a t r i x .

      CC=np.zeros((eqBlockSize,nSamples))

      #  R H S - v e c t o r  ' a p p e n d i x  1 '  -  a m b .  &  h o t  ' c a l i b r a t i o n  p o w e r s '  ( t i m e - a v g d ) .

      CCA=np.zeros((eqBlockSize,1))
      CCH=np.zeros((eqBlockSize,1))

      #  R H S - v e c t o r  ' a p p e n d i x  2 '  -  a r r a y - m e a n  v a l u e s  o f  t h e  t a r g e t  T _ B

      CCM=np.zeros((1,1))

      #  So lu t i on  res idua  fo r  each  used  WVR channe l .

      resT={}
      #  M a p p i n g  t h e  W V R  c h a n n e l  t o  t h e  i n d e x  o f  e q u a t i o n  i n  t h e  s y s t e m .

      spw2row={}
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      #-  Re -ca l cu la te  ATM mode l  w i t h  upda ted  <PWV> and  so la r  i l l um ina t i on .

      #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .

      myAtm.setUserWH2O(qa.quantity(w0,'mm'))

      #  Count  the  ac tua l  number  o f  equa t ions  -  some WVR channe ls  may  be  f lagged .

      eqCount=0

      #-  Loop  ove r  4  ATM spws  -  t hese  d i rec t l y  co r respond  to  4  WVR channe ls

      f o r atmSPW i n range(nAtmSPWs):

        # -  M o d e l  v a l u e  o f  t h e  s k y / a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

        Tebb=myAtm.getTebbSkySpec(atmSPW, qa.quantity(w0,'mm'))[1]['value']
        #  S c a l e  t o  k i l o K e l v i n s .

        TbsW0[atmSPW]=0.001* Tebb

        # -  S l o p e  ( c e n t e r e d  d i f f e r e n c e )  o f  t h e  a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

        TebbH=myAtm.getTebbSkySpec(atmSPW,
                                   qa.quantity(w0+dws,'mm'))[1]['value']
        TebbL=myAtm.getTebbSkySpec(atmSPW,
                                   qa.quantity(w0- dws,'mm'))[1]['value']

        #  I n  k i l o K e l v i n s / m m

        dTdW[atmSPW]=0.001* (TebbH- TebbL)/ (2.0* dws)

        # -  O p a c i t i e s  &  t r a n s m i s i v i t y .

        #  D r y  z e n i t h  o p a c i t y

        tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
        #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

        tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
        #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

        opacity=airMass* (tau_wet+tau_dry)

        #  T r a n s m i s s i v i t y  ( s p e c t r a l ) .  

        trans[atmSPW]=np.exp(- opacity)
        # Wet  opac i ty  per  1mm PWV sca led by a i rmass.  

        tau_1[atmSPW]=(airMass/ w0)* tau_wet

        # -  M o d e l  ( _ M )  f a c t o r s .

        #  T e b b  a n d  i t s  s l o p e .

        TbsW0_M=TbsW0[atmSPW]
        dTdW_M=dTdW[atmSPW]

        #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .

        trans_M=trans[atmSPW]
        tau_1M=tau_1[atmSPW]

        #  S o l a r - f l u x  m o d e l  s p e c t r u m  ( n o r m a l i z e d ) .

        SF_M=SF[atmSPW]

        # -  M o d e l  +  a n t e n n a  e f f i c i e n c i e s  c o m b i n e d .

        #  S e n s i t i v i t y  f a c t o r  f o r  P W V .

        SW=(- eta_l* eta_F* Tsun0* np.mean(trans_M* tau_1M* SF_M)
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            +(1.0- eta_F+eta_F* eta_l)* np.mean(dTdW_M))* Grw[atmSPW]

        #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r  i l l u m i n a t i o n  t e m p e r a t u r e .

        SB=eta_l* eta_F* np.mean(trans_M* SF_M)* Grw[atmSPW]

        #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  u n i f o r m  s p e c t r a l  g a i n .

        Tsky=(eta_l* eta_F* Tsun0* np.mean(trans_M* SF_M)
              +(1.0- eta_F+eta_F* eta_l)* np.mean(TbsW0_M)
              +eta_F* (1.0- eta_l)* Tamb)

        #  B u i l d  t h e  e q u a t i o n s  o n l y  f o r  t h e  n o n - f l a g g e d  c h a n n e l s .

        i f (atmSPW not i n flaggedWVRchannels):

          # -  B u i l d  t h e  m a t r i x :  N a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .

          #  S e t  t h e  s e n s i t i v i t y  f a c t o r ( s )  f o r  t h e  c u r r e n t  A T M  S P W  a s  a  r o w

          #  i n  t h e  b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

          J_wb[eqCount]=np.array([SW,SB])

          # -  B u i l d  t h e  m a t r i x :  I n s t r u m e n t a l  ( G r w  &  P i w  s e n s i t i v i t i e s )  b l o c k .

          #  W e  h a v e  t o  p r e p e n d  a  p r o p e r  o f f s e t  f o r  t h e  G r w  a n d  P i w  v a r s  a s

          #  t h e y  a r e  i n d e p e n d e n d t  f o r  e a c h  S P W  a n d  p o l a r i z a t i o n .

          bOffset=2* eqCount

          J_gp[eqCount,bOffset]=1.0
          J_gp[eqCount,bOffset+1]=Tsky

          # -  B u i l d  t h e  m a t r i x :  A C D  p o w e r s  ( a m b  &  h o t )  2 - b l o c k .

          J_cdA[eqCount,bOffset]=1.0
          J_cdA[eqCount,bOffset+1]=Tamb

          #  Ho t -power  sub -b lock .

          J_cdH[eqCount,bOffset]=1.0
          J_cdH[eqCount,bOffset+1]=Thot

          #-  Bu i l d  the  RHS vec to r :  WVR da ta

          #  R H S :  T w v r ( t )  w i t h  t h e  s t a t i o n a r y  A T M - b a s e d  p a r t

          #  sub t rac ted .  Resca le  measu red  WVR tempera tu res   t o  k i l oKe l v i n .

          dTw=0.001* Twvr[atmSPW]- Piw[atmSPW]- Grw[atmSPW]* Tsky

          #  Se t  i t  as  t he  RHS componen t .

          CC[eqCount]=dTw

          # -  Ammend  the  RHS vec to r :  Ca l i b ra t i on  da ta .

          #  A m b i e n t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .

          #  N o t e :  U n l i k e  T w v r ,  t h e  T a m b  a n d  T h o t  a r e  i n  k i l o K e l v i n s  a l r e a d y .

          CCA[eqCount]=Tamb- Piw[atmSPW]- Grw[atmSPW]* Tamb
          #  H o t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .

          CCH[eqCount]=Thot- Piw[atmSPW]- Grw[atmSPW]* Thot
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          # -  D i a g n o s t i c s

          #  Res idua  o f  sky  t empera tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

          resT[atmSPW]=dTw.mean()

          # Mapping between ATM SPW and equation number.

          spw2row[atmSPW]=eqCount

          eqCount+=1

        else: print('Ignoring flagged ',atmSPW,' WVR channel.')
        # - - >  e n d i f ( n o t  f l a g g e d )

      #--> endfor(ATM SPWs)

      #  N o w ,  t h e  e q C o u n t  s h o u l d  b e  t h e  s a m e  a s  e q B l o c k S i z e .  J u s t  c h e c k  i t .

      i f (eqCount ! = eqBlockSize):
        print("******* Ooops, something is wrong !*******")
        print("   The expected number of equations does not correspond to the")
        print("   number of measured and non-flagged SPW:pol channels.")
        return False

      # - -  S o l u t i o n  o f  t h e  g r a n d  s y s t e m  o f  l i n e a r i s e d  e q u a t i o n s .  S e e  d W d B d G 2 ( )  

      #    f o r  e x p l a n a t i o n .

      #-  Ammend the  RHS vec to r :  A r ray -mean  ta rge t  b r igh tness  tempera tu res .

      #  E f f e c t i v e  e x p e c t e d  t a r g e t  T _ B  w i t h  t h e  m o d e l  a t  w o r k - p o i n t  s u b t r a c t e d .

      #  I n  o u r  c a s e ,  e f f e c t i v e  T _ B  i s  j u s t  t h e  p a r t  o f  ' p a r a s i t i c '  i l l u m i n a t i o n .

      #  F o r  f a r - o f f - S u n  p o i n t i n g s  T _ t g t  i s  s e t  t o  z e r o .  F o r  n e a r - S u n  p o i n t i n g s

      # we use so l I l lumant ion=True and Tsun0 is  unbound because mWeight=0.

      CCM[0]=T_tgt- Tsun0

      # -  C a l c u l a t e  t h e  s m a l l - b l o c k  m a t r i c e s  a n d  t h e i r  i n v e r s i o n s  n e e d e d  f o r

      #   g r a n d - s y s t e m  i n v e r s i o n .

      #  1 .  N a t u r a l  ( N - b l o c k )  m a t r i c e s .

      J_wb_T=np.transpose(J_wb)
      J_K=np.matmul(J_wb_T,J_wb)
      J_K_inv=np.linalg.inv(J_K)

      #  2 .  G a i n / P _ i n s t  ( G - b l o c k )  m a t r i c e s .

      J_gp_T=np.transpose(J_gp)

      #  3 .  A C D  r o w s  ( A - b l o c k )  m a t r i c e s .

      #  C a l c u l a t e  t r a n s p o s i t i o n s  p e r  s u b - b l o c k  ( a m b i e n t / h o t ) .

      #  Need  copy ( )  he re  -  see  the  same p lace  in  dWdBdG2( ) .  

      J_cdA_T=np.transpose(J_cdA).copy()
      J_cdH_T=np.transpose(J_cdH).copy()

      #  I n c r e a s e  i m p o r t a n c e  o f  t h e  A C D  r o w s  b y  c a l i b r a t i o n  w e i g h t .

      #  O n l y  t h e  t r a n s p o s e d  A - b l o c k  m a t r i c e s  s h o u l d  b e  s c a l e d  u p !

      J_cdA_T*=calWeight
      J_cdH_T*=calWeight

      #  C o m p o s e  t h e  f u l l  b l o c k  a n d  i t s  t r a n s p o s i t i o n .  T h e  t r a n s p o s i t i o n  t o  b e

      #  s c a l e d  u p  -  s e e  a b o v e .  O r ,  a l t e r n a t i v e l l y ,  i t  c a n  b e  b u i l t  a s
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      #  np .hs tack ( [ J_cdA_T ,J_cdH_T ] )  f r om  a l r eady  sca led -up  t r ansp .  sub -b l ocks .

      J_cd=np.vstack([J_cdA,J_cdH]).copy()
      J_cd_T=calWeight* np.transpose(J_cd)

      #  4 .  A r r a y - m e a n  ( M - b l o c k )  r e l a t e d  m a t r i c e s .  I n c o r p o r a t e  m W e i g h t  i n t o  M ^ T ,  

      #  l i k e  w h a t  w e  h a v e  d o n e  w i t h  c a l W e i g h t  f o r  t h e  A ^ T  a n d  H ^ T  m a t r i c e s .

      M_T=np.array([[0.0],
                    [nsInv* mWeight]])   # mWeight*M^T

      # Pre-ca lcu la ted  nSamples*mWeigh t * (M^T x  M)  mat r i x .

      #  L i k e  w i t h  A ^ T  x  A ,  t h e  M ^ T  x  M  p r o d u c t  i s  s c a l e d - u p  b y  m W e i g h t  j u s t  o n c e

      #  ( n o  m W e i g h t  s q u a r e d ! ) .  M o r e o v e r ,  w e  s c a l e  i t  u p  h e r e  y e t  b y  n S a m p l e s ,

      #  i n  o r d e r  t o  a v o i d  t r i v i a l  n s I n v * n S a m p l e s = 1  i n  t h e  f o l l o w i n g  c a l c s .

      nsMTM=np.array([[0.0, 0.0],
                      [0.0, nsInv* mWeight]])

      #  F r e q u e n t l y  r e p e a t i n g  b l o c k s .  N M _ i n v  p l a y s  a  r o l e  o f  m o d i f i e d  J _ K _ i n v .

      NM=J_K+nsMTM              # J_K+nSamples*mWeight*M^T x M

      NM_inv=np.linalg.inv(NM)  # NM^(-1)

      #  O f f - d i a g o n a l  b l o c k s  o f  t h e  i n v e r t e d  n a t u r a l  s u b - m a t r i x  ( A i n v ) .

      J_M_inv=nsInv* (NM_inv- J_K_inv)

      # -  B a s e - m a t r i x  e x t e n s i o n s .

      #  R i g h t  a n d  l o w e r  b a n d s :  T h e i r  ( n E q s  x  2 )  a n d  ( 2  x  n E q s )  r e p e a t i n g  b l o c k s .

      Rb=np.matmul(J_wb_T,J_gp)    
      Lb=np.transpose(Rb)

      #  L o w e r - r i g h t  c o r n e r

      LRc=nSamples* np.matmul(J_gp_T,J_gp)+np.matmul(J_cd_T,J_cd)

      # -  F r e q u e n t l y  r e p e a t i n g  m a t r i x  p r o d u c t s .  C f .  w i t h  e x t M a t I n v ( )  a b o v e .

      #  A i n v  x  R b  a n d  L b  x  A i n v

      AinvRb=np.matmul(NM_inv,Rb)
      LbAinv=np.transpose(AinvRb)

      # -  S c h u r  c o m p l e m e n t  a n d  i t s  i n v e r s i o n .

      SC=LRc- nSamples* np.matmul(Lb,AinvRb)
      SC_inv=np.linalg.inv(SC)

      # -  B l o c k s  o f  i n v e r t e d  g r a n d - s y s t e m  m a t r i x .

      #  S t a r t  w i t h  t h e  l o w e r - l e f t  b l o c k  a s  i t  r e p e a t s  i n  u p p e r - l e f t  b l o c k ,  t o o .

      Minv21= -np.matmul(SC_inv,LbAinv)

      #  U p p e r - l e f t  b l o c k :  O f f - d i a g o n a l  t e r m s .  T h e  d i a g o n a l  b l o c k s  d i f f e r  j u s t

      # by  added J_K_ inv .

      Minv11_OD=J_M_inv- np.matmul(AinvRb,Minv21)

      #  U p p e r - r i g h t  b l o c k .

      Minv12=np.transpose(Minv21)

      #  L o w e r - r i g h t  b l o c k .

      Minv22=SC_inv
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      # - -  A p p l y  t h e  i n v e r t e d  m a t r i x  c o m p o n e n t s  t o  t h e  R H S  v e c t o r .

      # Sum o f  the  RHS a long  the  t ime ax is ,  keep ing  the  SPW:POL d imens ion .

      #  P r e s e r v e  t h e  n u m b e r  o f  m a t r i x  r o w s ,  j u s t  s u m  t h e i r  c o n t e n t s ,  i . e .  m a k e

      #  t h e  s i n g l e - c o l u m n  m a t r i x .

      CCsum=np.reshape(CC.sum(axis=1),(- 1,1))

      # -  F o r m  t h e  R H S  v e c t o r  f o r  t h e  n o r m a l  e q u a t i o n s  ( K - f o r m  m i n i m i z e r ) ,

      #   i . e ,  m u l t i p l y  t h e  r a w  d a t a  b y  J J _ T  

      #  S t a r t  w i t h  t h e  n a t u r a l - v a r i a b l e s  d W  a n d  d B  p a r t .

      C_K_wb=np.matmul(J_wb_T,CC)+np.matmul(M_T,CCM)  #  2  x  nSamp les  mat r i x

      #  M a k e  t h e  s a m e  a l s o  f o r  i t s  t i m e - s u m .

      C_K_wb_sum=np.matmul(J_wb_T,CCsum)+nSamples* np.matmul(M_T,CCM)   #  2  x  1

      #  F o l l o w  w i t h  t h e  i n s t r u m e n t a l  p a r t .

      C_K_gp=(np.matmul(J_gp_T,CCsum)      # 2*eqCount  x  1

              +np.matmul(J_cdA_T,CCA)
              +np.matmul(J_cdH_T,CCH))

      # -  A p p l y  b l o c k s  o f  t h e  i n v e r t e d  J J _ K ^ ( - 1 )  m a t r i x  t o  t h e  C _ K  R H S  v e c t o r .

      #  C o n s t a n t  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r  ( 2  x  1 )

      nvConst=np.matmul(Minv11_OD,C_K_wb_sum)+np.matmul(Minv12,C_K_gp)

      #  T i m e - v a r y i n g  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r .  I t  c o m e s  f r o m  t h e

      #  add i t i on  to  the  M inv11  d iagona l - te rms  (see  comment  above  a t  M inv11_OD) .

      nvVar=np.matmul(J_K_inv,C_K_wb)  # 2 x nSamples 

      #  C o m p o s e  t h e  c o m p l e t e  n a t u r a l  v a r i a b l e s  v e c t o r .

      varNat=nvVar+nvConst

      #  I n s t r u m e n t a l  v a r i a b l e s .  T h e  r e s u l t  i s  o f  2 * e q B l o c k S i z e  x  1  s h a p e .

      varInst=np.matmul(Minv21,C_K_wb_sum)+np.matmul(Minv22,C_K_gp)

      # -  R e s h a p e  t h e  r e s u l t s  -  e x t r a c t  o u r  e l e m e n t a r y  v a r i a b l e s .

      #  Seapara te  t he  na tu ra l - va rs  componen ts .

      #  PWV va r i a t i ons .

      dW=varNat[0]
      #  I l l u m i n a t i o n / b r i g h t n e s s  v a r s :  I n  t h i s  a p p r o a c h  w e  m a y  h a v e  t h e m ,  t o o .

      dB=varNat[1]

      #  R e s h a p e  i n s t r u m e n t a l  p a r a m e t e r s  t o  t w o  r o w s  ( t r a n s p o s e ) :  1 s t  i s  d P _ i n s t ,

      # the 2nd dG, one component  per  WVR channel .

      dPG=np.transpose(np.reshape(varInst,(eqBlockSize,2)))

      #  E x t r a c t  t h e  s h i f t s  i n  t h e  P _ i n s t  a n d  G  

      dPinst=dPG[0]    
      dGinst=dPG[1]

      # -  A n a l y t i c s :  C a l c u l a t e  t h e  e r r s  f o r  t h e  o v e r - d e t e r m i n e d  s e t  o f  e q s .

      #   S e e  c o r r e s p o n d i n g  p a r t  o f  d W d B d G 2 ( )  f o r  e x p l a n a t i o n  o f  e r r  e s t i m a t i o n .

      #  e r r = f ( x ) - b :  S c i - d a t a  p a r t .

      errVec=np.matmul(J_wb,varNat)+np.matmul(J_gp,varInst)- CC
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      #  X i  s q u a r e  f o r  t h e  s c i - d a t a  p a r t ,  n o r m a l i z e d  p e r  o n e  e q u a t i o n .

      xiSci=np.sum(errVec* errVec)/ (nSamples* eqBlockSize)

      #  X i  Squares  pe r  SPW:Po l  channe l .  Sum on ly  ove r  t imes .

      xiSciPerChan=np.sum(errVec* errVec,axis=1)
      # I ts  mean and RMS.

      xscMean=xiSciPerChan.mean()
      xscRMS=xiSciPerChan.std()
      #  F i n d  o u t l i e r s  (  >  3  s i g m a ) .  T h e  b a d D a t a  a r r a y  c o n t a i n s  i n d i c e s  o f

      #  those  equa t ions ,  where  the  ag reemen t  be tween  mode l  and  obse rva t i on  i s

      #  excep t i ona l y  weak .

      badData=np.flatnonzero(abs(xiSciPerChan- xscMean)>3.0* xscRMS)

      #  Ex t rac t  t he  WVR channe l s  w i t h  bad  da ta ,  i f  we  have  some .

      #  We  do  no t  have  an  i nve rse  map  to  spw2row ,  so  we  have  to  t r ave rse .

      f o r wvrChan,eqRow i n spw2row.items():
        print('WVR chan '+str(wvrChan)+': Error:',xiSciPerChan[eqRow])
        i f  eqRow i n badData: print('\t\t!!! Bad data in WVR chan',str(wvrChan),
                                   ':',(xiSciPerChan[eqRow]- xscMean)/ xscRMS,
                                   'sigma from the mean.')        

      #  e r r = f ( x ) - b :  C a l i b r a t i o n - d a t a  p a r t .

      errVecACDamb=np.matmul(J_cdA,varInst)- CCA
      errVecACDhot=np.matmul(J_cdH,varInst)- CCH
      #  X i  s q u a r e  f o r  t h e  c a l - d a t a  p a r t .  

      xiACD=np.sum(errVecACDamb* errVecACDamb)+np.sum(errVecACDhot* errVecACDhot)
      #  No rma l i zed  pe r  one  equa t i on .

      xiACD/ =eqBlockSize

      #  e r r = f ( x ) - b :  A r r a y - m e a n  T _ B  ( i l l u m i n a t i o n )  p a r t .

      errVecMeanTb= -CCM
      #  X i  s q u a r e  f o r  t h e  a v e r a g e d  i l l u m i n a t i o n  p a r t .

      xiTbM=np.sum(errVecMeanTb* errVecMeanTb)

      #  G r a n d - t o t a l  X i - s q u a r e  n o r m a l i z e d  t o  t h e  n u m b e r  o f  e q u a t i o n s  f o r

      #  t h e  n a t u r a l / s c i e n c e ,  A C D ,  a n d  m e a n - a r r a y  s u b - b l o c k s .

      xiSquare=xiSci+xiACD+xiTbM
      
      # -  A l l  v a r i a t i o n s  s h o u l d  t e n d  t o  z e r o  m e a n s .

      
      dW_mean=dW.mean()
      dB_mean=dB.mean()

      #  U p d a t e  s t a t .  p a r t  o f  P W V  a n d  i l l u m i n a t i o n  b y  a v g s  o f  t h e i r  v a r i a t i o n s .

      w0+=dW_mean
      Tsun0+=dB_mean

      #  U p d a t e  a l s o  t h e  P i w  a n d  G r w  b y  t h e  f o u n d  d i f f e r e n c e s .

      #  F i n d  t h e  m a x i m u m  i n t e r - i t e r a t i o n  c h a n g e  f o r  c o n v e r g e n c e  d i a g n o s t i c s .  

      dT_inst_sup= -1.0
      dG_rel_sup= -1.0

      f o r wvrChan,eqCount i n spw2row.items():
        #  Upda te  t he  P_ ins t  and  G .

        Piw[wvrChan]+=dPinst[eqCount]
        Grw[wvrChan]+=dGinst[eqCount]

        #  C h a n g e  o f  i n s t .  p o w e r  e x p r e s s e d  i n  k i l o K e l v i n s .  
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        dT_inst=abs(dPinst[eqCount]/ Grw[wvrChan])
        i f (dT_inst > dT_inst_sup): dT_inst_sup=dT_inst

        #  C h a n g e  o f  g a i n  i n  t h e  r e l a t i v e  s c a l e .

        dG_rel=abs(dGinst[eqCount]/ Grw[wvrChan])
        i f (dG_rel > dG_rel_sup): dG_rel_sup=dG_rel        
      #--> endfor(non-f lagged WVRchannels/atmSPWs)

      
      # - -  C o n v e r g e n c e  d i a g n o s t i c s  /  I t e r a t i o n  c o n t r o l .

      #  C a l c u l a t e  t h e  n o r m a l i z e d  i n t e r - i t e r a t i o n  c h a n g e  o f  o p e r a t i o n  p o i n t .

      #  T h e  f a c t o r  0 . 5  c o m e s  f r o m  s q r t ( 1 / 4 )  a s  w e  h a v e  4  ' o r t h o g o n a l '  v a r i a b l e s .

      epsilon=0.5* np.sqrt((dW_mean/ dwMean_max)* * 2+(dB_mean/ dbMean_max)* * 2+
                           (dG_rel_sup/ dG_max)* * 2+(dT_inst_sup/ dTinst_max)* * 2)
      
      #  I n c r e m e n t  t h e  i t e r a t i o n  c o u n t e r

      itCount+=1

      # -  D i a g n o s t i c  p r i n t - o u t s .

      #  U p d a t e d  s c a n - a v g d  P W V  a n d  s o l .  i l l u m i n a t i o n  a f t e r  c o m p l e t e d  i t e r a t i o n .

      print('vvvvvvv\n After iteration no. ',itCount)
      print('Mean PWV for the scan,',tgtScan,' w0 = ',w0,"mm"
            ", mean Tsun(illumination) = ",1000.0* Tsun0,"K") #  s c a l e  t o  K e l v i n s

      #  M e a n  v a l u e s  o f  d W  a n d  d B  f l u c t u a t i o n s  s h o u l d  t e n d  t o  z e r o .

      print("dW mean: ",dW_mean)
      print("dB mean: ",dB_mean)

      #  S k y - b r i g h t n e s s  r e s i d u a  s h o u l d  t e n d  t o  z e r o ,  t o o .

      #  C o n v e r t  t h e  s p w I d  m a p s  t o  n p . a r r a y s  f i r s t .  W e  h a v e  t o  g o  v i a  ' l i s t ' .

      #  S c a l e - u p  b a c k  t o  K e l v i n s  ( w e  c a l c u l a t e  i n  k i l o K e l v i n s ) .

      resTArr=1000.0* np.array(list(resT.values()))

      print("res T: ", resT,"mean +/- RMS: ",resTArr.mean(),"+/-",resTArr.std())

      #  N o t e :  H e r e  w e  m e a s u r e  t h e  P i n s t  c h a n g e  d i r e c t l y  i n  K e l v i n ( ! ) ,  a s  n o m i n a l

      #  P i w  i s  0 .  F o r  g a i n ,  w e  n e e d  n o t  t o  d i v i d e  b y  G r w  a s  i t  i s  n o m i n a l l y  1 .

      print("\nInstrumental characteristics shifts during the iteration:")
      f o r wvrChan,eqCount i n spw2row.items():
        print("WVR chanNum = ",wvrChan,"\tdP_I =",1000.0* dPinst[eqCount],"K",
              "\tdG/G =",dGinst[eqCount]* 100,"%")

      print("Epsilon:",epsilon)

      print('^^^^^^^\n\n')

    # - - >  e n d w h i l e ( n o n - z e r o - m e a n s )  /  E n d  o f  s o l u t i o n - i t e r a t i o n s  l o o p .

    #  S t o r e  t h e  w a t c h e d  q u a n t i t i e s  i n  t h e  a r r a y  p e r - w e i g h t  e l e m e n t s .

    
    iPWV[wi]=w0
    iTSun[wi]=1000.0* Tsun0 #  S c a l e  t h e  r e s u l t  b a c k  t o  K e l v i n s .

    
    iNIT[wi]=itCount
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    iXis[wi]=xiSci
    iXia[wi]=xiACD
    iXim[wi]=xiTbM
    
    iGG[wi]=100.0* (Grw- 1.0)
    iPP[wi]=1000.0* Piw
    
  # - - >  e n d f o r ( r a n g e - o f - w e i g h t s )  /  E n d  o f  t h e  m a i n  l o o p .

  # - -  R e t u r n  t h e  a r r a y s  o f  i n t e r e s t  i n  d e p e n c e n c e  o n  c a l W e i g h t .

  
  return {'NS':nSamples,'CW':weights,"PWV":iPWV,"Tsun":iTSun,
          "XiS":iXis,"XiA":iXia,"XiM":iXim,"NIT":iNIT,"dG":iGG,"dP":iPP}

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dWdLs3_calWeight(myAtm,antID,tgtScan,
                     flaggedWVRchannels=[],ssType='',solIllumination=True,
                     myMS=None,myMsmd=None,acdLoads=None):

  " " "  

  - - -  OBSOLETTED -- -

  Rep laced /superseded by  a  new dWdLs4_we igh ts ( )  func t ion .

  " " "

  # - - -  S t a t i c  p a r a m e t e r s

  # -  D i r s

  #  S o u r c e - d a t a  d e f i n i t i o n .  S e t  s t a t i c  b e c a u s e  w e  a r e  M S - s p e c i f i c  r o u t i n e .

  vis='uid___A002_X110fd13_X1099e.ms'
  #  A T M  s c a n  p r e c e d i n g  t h e  s o l a r  s c a n  9  i s  u s e d  a l w a y s .

  atmScan=8
  
  #  O u t p u t / d i a g n o s t i c s  p l o t s .

  plotDir='./wvr_decomp_G'

  # -  T o o l s ,  g l o b a l  d a t a

  
  #  F l a g s  u s e d  t o  c h e c k ,  w h e t h e r  w e  s h o u l d  c l o s e  t h e  t o o l  l a t e r .

  ownMS=False
  ownMsmd=False

  #  O p e n  o w n  t o o l s  i f  ' g l o b a l '  n o t  p r o v i d e d

  i f (not myMS):
    #  Open  the  ms  too l

    myMS=mstool() 
    myMS.open(vis)
    ownMS=True

  i f (not myMsmd):
    #  O p e n  t h e  m s  t o o l .

    myMsmd=msmdtool()
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    myMsmd.open(vis)
    ownMsmd=True
    
  #  C r e a t e  o u r  d i c t i o n a r y  w i t h  A C D  l o a d  t e m p e r a t u r e s  ( a m b i e n t ,  h o t )  i f  n e e d e d .

  i f (not acdLoads):
    acdLoads=aU.getLoadTemperatures(vis, doplot = False,
                                    warnIfNoLoadTemperatures = True,
                                    mymsmd=myMsmd)

  # -  T a r g e t

  
  #  I n i t i a l  g u e s s  o f  t h e  s o l a r  b r i g h t n e s s  t e m p e r a t u r e .

  #  S D  c a l i b r a t i o n  s c r i p t :  R e f e r e n c e  T _ b  f o r  s o l a r  d i s c  c e n t e r  @ 1 9 8 G H z

  TsunCenter=6.3  #  k i l o K e l v i n s ! ! !

  #  S o l a r  r a d i u s .

  Rsun=696000 # km

  #  * * *  T h i s  p a r t  i s  o b s e r v a t i o n  s p e c i f i c  -  n e e d  t o  r e a d  e p h e m e r i s  ! ! !  

    
  #  H e l i o c e n t r i c  c o o r d i n a t e s  f o r  D e c  2 0 2 3  B a n d  5  o b s e r v a t i o n .

  x_h=928.0 #  a rcsec

  y_h=87.0  #  a rcsec

  #  Ea r t h -Sun  d i s t ance  f o r  Dec  2023  Band  5  obse rva t i on .

  Dsun=1.4723338439337283e8 # km

  #  * * *  E n d  o f  o b s e r v a t i o n - s p e c i f i c  p a r t .

  #  A p p a r e n t  a n g u l a r  s o l a r  r a d i u s  i n  a r c s e c .

  r_sol=180.0* 3600.0* Rsun/ (Dsun* np.pi)
  
  #  m u = c o s ( t h e t a ) .  U s e d  f o r  l i m b - b r i g h t e n n i n g  c o r r e c t i o n  b e l o w .

  mu=np.sqrt(1.0- (x_h* * 2+y_h* * 2)/ r_sol* * 2)
  
  #  b _ 2 = 2 . 0 * a _ 2 ,  w h e r e  a _ 2  i s  t h e  t e m p e r a t u r e  d r o p  w i t h  f r e q u e n c y  i n  E q .  ( 4 )

  #  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  S c a l e d  t o  k i l o K e l v i n s !

  b_2= -1.127 #  =  2 x  ( - 5 6 3 . 5 K )  a s  p e r  T a b l e  2  i n  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .

  #  B r i g h t n e s s  t e m p e r a t u r e  c o r r e c t e d  t o  l i m b  b r i g h t e n n i n g  -  s e e

  #  A l i s s a n d r a k i s  e t  a l .  ( 2 0 2 0 ) .  

  Tsun00=TsunCenter+0.5* b_2* np.log(mu) # kK

  #  R e f e r e n c e  f r e q u e n c y  f o r  t h e  s o l a r  s p e c t r u m :  W e  t a k e  t h e  L O  f r e q u e n c y  ( i n  H z )

  f_LO=1.98e11

  #-  Antenna

  #  R e a r - s p i l l o v e r  +  o h m i c  a n t e n n a  e f f i c i e n c y  ( s e e  T a b .  3  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  eta_l=0.95
  #  F o r w a r d - s p i l l o v e r  a n t e n n a  e f f i c i e n c y  ( T a b .  3  i n  W h i t e  e t  a l .  2 0 1 7 ) .

  #  W V R  h a s ,  u n l i k e  t h e  s c i - r e c e i v e r ,  o n - a x i s  r e c o r d i n g ,  m a y  h a v e  b e t t e r  e t a _ F .  

  eta_F=0.9

  #  E x t r a c t  a m b i e n t  &  h o t  t e m p e r a t u r e s  f o r  t h e  c u r r e n t  a n t e n n a  a n d  s c a n .

  #  I t  d e t e r m i n e s  t h e  r e a r - s p i l l o v e r  c o n t r i b u t i o n  t o  n o i s e .

  #  S c a l e d  t o  k i l o K e l v i n s ! ! !

  Tamb = 0.001* acdLoads[antID][atmScan]['amb']
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  Thot = 0.001* acdLoads[antID][atmScan]['hot']

  #- Atmosphere

  
  # In i t ia l  guess o f  mean PWV: Scan-center  in terpo la ted ASDM_CALWVR va lue.

  pwv0=getPWVforAnt(vis,tgtScan,antID,myMsmd)['pwvAvg']

  #  S e t  i n i t i a l  e s t i m a t i o n  o f  P W V  t o  t h e  A T M  m o d e l .

  myAtm.setUserWH2O(qa.quantity(pwv0,'mm'))

  #  A i r m a s s  f o r  t h e  s o l a r  s c a n .

  airMass=myAtm.getAirMass()

  #  P r i n t  t h e  i n i t i a l  e s t i m a t e s .  T e m p e r a t u r e  t o  b e  s c a l e d  f r o m  k i l o K e l v i n s  t o  K .

  print('....... Initial estimate')
  print('Mean PWV for scan,',tgtScan,' w0 = ',pwv0,'mm @airMass = ',airMass)
  print('Estimated T_B(full Sun) = ',1000.0* Tsun00,'K') #  s c a l e  t o  K e l v i n s .

  print('.......')
  
  #- -  Ex t rac t  WVR raw tempera tu res .

  
  # Raw WVR Tbs

  wTime,Twvr=wvr_dataRaw(vis,tgtScan,antID,ssType) 

  #  Ave rage  ove r  t ime .

  TwvrMean=np.mean(Twvr,axis=1)

  #  How many  t ime  samp les  a re  i n  th i s  scan?

  nSamples=Twvr.shape[1]

  #  H o w  m a n y  A T M  ( i . e .  i n  t h e  m o d e l )  s p w s  d o  w e  h a v e ?  I n  t h i s  c a s e  i t  i s

  # the  same as  the  number  o f  the  WVR channe ls .

  nAtmSPWs=myAtm.getNumSpectralWindows()

  #  How many  equa t i ons  do  we  ac tua l l y  have  pe r  b lock  o f  1  t ime-samp le?

  #  S o m e  W V R  c h a n n e l s  m a y  b e  f l a g g e d  ( t y p i c a l l y ,  t h e  c h a n n e l  0  i s  s a t u r a t e d ) .

  eqBlockSize=nAtmSPWs- len(flaggedWVRchannels)

  #-  Recons t ruc t  t he  sub -channe l  f requenc ies  fo r  ou r  ATM SPWs.

  #   W e  n e e d  t h e m  f o r  p r o p e r  s c a l i n g  o f  t h e  s o l a r - i l l u m a n t i o n  s p e c t r u m .

  
  # We have the same number of  sub-channels for  a l l  WVR-channel  ATM SPWs.

  #  F o r t u n a t e l l y ,  b e c a u s e  P y t h o n  i s  i n c a p a b l e  o f  c r e a t i n g  a  v e c t o r  o f  v e c t o r s ,

  #  w h i c h  w o u l d  h a v e  d i f f e r e n t  s i z e s ,  o n l y  r e c t a n g u l a r  m a t r i x  i s  O K  : - (

  nChans=myAtm.getNumChan(0)

  # Frequenc ies  fo r  sub-channe ls  in  our  ATM SPWs.

  wvrFreqs=np.zeros((nAtmSPWs,nChans))

  f o r wC i n range(nAtmSPWs):
    
      fMin=myAtm.getMinFreq(wC)['value'][0]* 1.0e9 # GHz to Hz

      df=myAtm.getChanSep(wC)['value'][0]* 1.0e6   # MHz to Hz

      
      wvrFreqs[wC]=fMin+df* np.arange(nChans)

  # - -  A r r a y s  f o r  c a l c u l a t i o n s  o f  t h e  m a t r i x  a n d  t h e  R H S - v e c t o r  c o m p o n e n t s
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  #    o f  t h e  l i n e a r i z e d  s y s t e m  t h a t  d e p e n d  j u s t  o n  t h e  m o d e l s  ( A T M  +  q u i e t  S u n ) .

  #    No te :  I n  t h i s  case ,  when  we  have  1 - t o -1  co r respondence  be tween  t he  mode l

  #    a n d  d a t a  S P W s ,  w e  a c t u a l l y  n e e d  n o t  t o  s t o r e  t h e  p e r - s p w  v a l u e s  t o  a r r a y s .

  #   Bu t  we  keep  the  s t ruc tu re  o f  sc i -SPW approach  in  dWdB_TBs( )  and  dWdBdG() .

  
  # Atmosphere  (+CMB)  br igh tness  tempera tu re  fo r  PWV=w0 and i t s  s lope .

  #  P l a c e - h o l d e r s ,  t o  b e  c a l c u l a t e d  i n s i d e  i t e r a t i o n s .

  TbsW0=np.zeros((nAtmSPWs,nChans))
  dTdW=np.zeros((nAtmSPWs,nChans))

  #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .  P l a c e - h o l d e r s .

  trans=np.zeros((nAtmSPWs,nChans))
  tau_1=np.zeros((nAtmSPWs,nChans))

  #  Ave rage  So la r -F lux  spec t rum:  QSR mode l  no rma l i sed  to  1 .0  a t  f = f_LO.

  SF=1.0+b_2/ Tsun00* np.log(wvrFreqs/ f_LO)

  # - - -  S o l v e  t h e  l i n e a r i s e d  s e t  o f  e q u a t i o n s  f o r  d W  a n d  d B  v a r i a t i o n s .

  #     I t e r a t e  u n t i l  t h e y  h a v e  n e g l i g i b l e  m e a n  v a l u e  ( s c a n - a v e r a g e ) .

  # - -  I t e r a t i o n  s e t u p

  #  H a l f  d w  f o r  t h e  e s t i m a t i o n  o f  t h e  d T s k y / d w  b y  c e n t e r r e d  d i f f e r e n c e .

  dws=0.05

  #  S t o p p e r s  f o r  i t e r a t i v e  s o l u t i o n :  W e  s h o u l d  g e t  l e s s  t h e n  t h e s e  v a l u e s .

  dwMean_max=0.01   # mm

  dbMean_max=0.001  #  k i l o K e l v i n

  #++++++++++++++  Loop over reasonable calWeights -  experimental  ++++++++++++++

  # Scan-averaged PWV for  a  g iven ca lWeight

  PWV=np.zeros(900)
  #  S c a n - a v e r a g e d  s o l a r  i l l u m i n a t i o n  T _ B  f o r  a  g i v e n  c a l W e i g h t

  TSil=np.zeros(900)

  #  N u m b e r  o f  i t e r a t i o n s  r e q u i r e d  f o r  c o n v e r g e n c e

  NIT=np.zeros(900)
  #  X i - s q u a r e :  N a t u r a l  p a r t

  xis=np.zeros(900)
  #  X i - s q u a r e :  I n s t r u m e n t a l  p a r t

  xia=np.zeros(900)
  
  f o r cwi i n range(900):
    #  S e t  c a l W e i g h t .

    calWeight=1.0+0.05* cwi
    # -  R e l a t i v e  g a i n s  a n d  i n s t r .  o f f s e t s  -  o n e  p e r  W V R  c h a n n e l ,  n o  p o l a r i z a t i o n .

    #  G a i n s  t o  b e  i n i t i a l i s e d  t o  t h e i r  e x p e c t e d  v a l u e  o f  1 . 0 .

    Grw=np.ones(nAtmSPWs)
    #  O f f s e t s  s h o u l d  b e  c l o s e  t o  0 . 0 .

    Piw=np.zeros(nAtmSPWs)
    
    #  I n i t i a l  v a l u e s  f o r  t h e  d W  a n d  d L  m e a n s  -  a n y t i n g  b i g g e r  t h e n  t h e  s t o p p e r s .
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    dW_mean=0.5
    dB_mean=0.5
    
    #  I t e r a t i o n  c o u n t e r .

    itCount=0
    

    #  S e t  t h e  s t a r t i n g  v a l u e s  f o r  i t e r a t i o n s .

    w0=pwv0
    #  F rom dWdLs ( )  we  es t ima te  t he  so la r  con tam ina t i on  ~100K  =  0 .1kK  i n  t he

    #  on -sou rce  subscans .  The  o f f - sou rce  shoud  be  con tam ina t i on - f r ee .

    i f  (ssType=='on'):
      Tsun0=0.1 #  k i l o K e l v i n s

    else:
      Tsun0=0.0 #  n o  i l l u m i n a t i o n

    # - -  I t e r a t i o n s :  M i n i m i z e  t h e  m e a n  v a l u e  o f  v a r i a t i o n s .

      
    while(((abs(dW_mean) > dwMean_max) or (abs(dB_mean) > dbMean_max))
          and (itCount< 20)):

      # - -  P r e p a r e / r e s e t  t h e  l i n e a r i z e d  s y s t e m  o f  e q u a t i o n s .

      
      # -  R e p e a t i n g  b l o c k s / t i l e s  f o r  e a c h  t i m e - s a m p l e

      #  N - b l o c k s :  J a c o b i a n - p a r t  f o r  t h e  [ d W , d T ]  ' n a t u r a l '  v a r i a b l e s .

      i f (solIllumination):
        #  S o l v e  f o r  b o t h  d W  a n d  d B  -  w e  a l l o w  f o r  v a r y i n g  s o l a r  i l l u m i n a t i o n .

        J_wb=np.zeros((eqBlockSize,2)) #  2  v a r s  r e p e a t i n g  i n  n o n - f l a g g e d  w v r c

      else:
        #  S o l a r  i l l u m i n a t i o n  s h o u l d  b e  z e r o ,  s o l v e  f o r  d W  s o l e l y .

        J_wb=np.zeros((eqBlockSize,1)) #  1  v a r  r e p e a t i n g  i n  n o n - f l a g g e d  w v r c

        
      #  G - b l o c k  m a t r i x :  J - p a r t  f o r  [ d G , d P _ i n s t ]  ' i n s t r u m e n t a l '  v a r i a b l e s .

      J_gp=np.zeros((eqBlockSize,2* eqBlockSize)) # 2 vars per  each WVR chan

        
      #  A - b l o c k  m a t r i x :  J - p a r t  f o r  [ d G , d P _ i n s t ]  f o r  W V R  " c a l i b r a t i o n "  e q s

      J_cdA=np.zeros((eqBlockSize,2* eqBlockSize)) # 2  vars  per  WVR c ,  amb.  

      J_cdH=np.zeros((eqBlockSize,2* eqBlockSize)) #  2  v a r s  p e r  W V R  c ,  h o t .

        
    
      #  R H S  v e c t o r  f o r  a l l  t i m e  s a m p l e s  s t a c k e d  a s  a  m a t r i x .

      CC=np.zeros((eqBlockSize,nSamples))
    
      #  R H S - v e c t o r  ' a p p e n d i x '  -  a m b .  &  h o t  ' c a l i b r a t i o n  p o w e r s '  ( t i m e - a v g )

      CCA=np.zeros((eqBlockSize,1))
      CCH=np.zeros((eqBlockSize,1))
   
      #  So lu t i on  res idua  fo r  each  used  WVR channe l .

      resT={}
      #  M a p p i n g  t h e  W V R  c h a n n e l  t o  t h e  i n d e x  o f  e q u a t i o n  i n  t h e  s y s t e m .

      spw2row={}

      #- Re-calculate ATM model  wi th updated <PWV> 

    
      #  Se t  cu r ren t  es t ima t i on  o f  PWV to  t he  ATM mode l .
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      myAtm.setUserWH2O(qa.quantity(w0,'mm'))

      #  Count  the  ac tua l  number  o f  equa t ions  -  some WVR channe ls  may  be  f lagged .

      eqCount=0

      #-  Loop  ove r  4  ATM spws  -  t hese  d i rec t l y  co r respond  to  4  WVR channe ls

      f o r atmSPW i n range(nAtmSPWs):

        # -  M o d e l  v a l u e  o f  t h e  s k y / a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

        Tebb=myAtm.getTebbSkySpec(atmSPW, qa.quantity(w0,'mm'))[1]['value']
        #  S c a l e  t o  k i l o K e l v i n s .

        TbsW0[atmSPW]=0.001* Tebb

        # -  S l o p e  ( c e n t e r e d  d i f f e r e n c e )  o f  t h e  a t m  b r i g h t n e s s  w i t h  c u r r e n t  p w v .

        TebbH=myAtm.getTebbSkySpec(atmSPW,
                                   qa.quantity(w0+dws,'mm'))[1]['value']
        TebbL=myAtm.getTebbSkySpec(atmSPW,
                                   qa.quantity(w0- dws,'mm'))[1]['value']

        #  I n  k i l o K e l v i n s / m m

        dTdW[atmSPW]=0.001* (TebbH- TebbL)/ (2.0* dws)

        # -  O p a c i t i e s  &  t r a n s m i s i v i t y .

    
        #  D r y  z e n i t h  o p a c i t y

        tau_dry = np.array(myAtm.getDryOpacitySpec(atmSPW)[1])
        #  W a t e r - v a p o u r  r e l a t e d  ' w e t '  o p a c i t y

        tau_wet = np.array(myAtm.getWetOpacitySpec(atmSPW)[1]['value'])
        #  T o t a l  o p a c i t y  ( s p e c t r a l ) .

        opacity=airMass* (tau_wet+tau_dry)
     
        #  T r a n s m i s s i v i t y  ( s p e c t r a l ) .  

        trans[atmSPW]=np.exp(- opacity)
        # Wet  opac i ty  per  1mm PWV sca led by a i rmass.  

        tau_1[atmSPW]=(airMass/ w0)* tau_wet

        # -  M o d e l  ( _ M )  f a c t o r s .

        #  T e b b  a n d  i t s  s l o p e .

        TbsW0_M=TbsW0[atmSPW]
        dTdW_M=dTdW[atmSPW]

        #  T r a n s m i s s i v i t y  a n d  u n i t - P W V  o p a c i t y .

        trans_M=trans[atmSPW]
        tau_1M=tau_1[atmSPW]

        #  S o l a r - f l u x  m o d e l  s p e c t r u m  ( n o r m a l i z e d ) .

        SF_M=SF[atmSPW]
      
        # -  M o d e l  +  a n t e n n a  e f f i c i e n c i e s  c o m b i n e d .

      
        #  S e n s i t i v i t y  f a c t o r  f o r  P W V .

        SW=(- eta_l* eta_F* Tsun0* np.mean(trans_M* tau_1M* SF_M)
            +(1.0- eta_F+eta_F* eta_l)* np.mean(dTdW_M))* Grw[atmSPW]
      
        #  S e n s i t i v i t y  f a c t o r  f o r  t h e  ( a p p a r e n t )  s o l a r  i l l u m i n a t i o n  t e m p e r a t u r e .

        SB=eta_l* eta_F* np.mean(trans_M* SF_M)* Grw[atmSPW]
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        #  M o d e l  T _ s k y  a s  v i e w e d  b y  t h e  r e c e i v e r  w i t h  u n i f o r m  s p e c t r a l  g a i n .

        Tsky=(eta_l* eta_F* Tsun0* np.mean(trans_M* SF_M)
              +(1.0- eta_F+eta_F* eta_l)* np.mean(TbsW0_M)
              +eta_F* (1.0- eta_l)* Tamb)

 
      
        # -  B u i l d  t h e  e q u a t i o n s  o n l y  f o r  t h e  n o n - f l a g g e d  c h a n n e l s .

        i f (atmSPW not i n flaggedWVRchannels):
 
          # -  B u i l d  t h e  m a t r i x :  N a t u r a l  ( d W  &  d B  s e n s i t i v i t i e s )  b l o c k .

     
          #  S e t  t h e  s e n s i t i v i t y  f a c t o r ( s )  f o r  t h e  c u r r e n t  A T M  S P W  a s  a  r o w

          #  i n  t h e  b l o c k / t i l e  f o r  t h e  l i n e a r i z e d - s y s t e m  J a c o b i a n  m a t r i x .

          i f (solIllumination):
            #  So l ve  f o r  bo th  dW &  dB  i ndependen t l y .

            J_wb[eqCount]=np.array([SW,SB])
          else:
            #  O n l y  d W  i s  a l l o w e d  t o  v a r y .

            J_wb[eqCount]=np.array([SW])
         
          
          # -  B u i l d  t h e  m a t r i x :  I n s t r u m e n t a l  ( G r w  &  P i w  s e n s i t i v i t i e s )  b l o c k .

        
          #  W e  h a v e  t o  p r e p e n d  a  p r o p e r  o f f s e t  f o r  t h e  G r w  a n d  P i w  v a r s  a s

          #  t h e y  a r e  i n d e p e n d e n d t  f o r  e a c h  S P W  a n d  p o l a r i z a t i o n .

          bOffset=2* eqCount
          
          J_gp[eqCount,bOffset]=1.0
          J_gp[eqCount,bOffset+1]=Tsky
          
          # -  B u i l d  t h e  m a t r i x :  A C D  p o w e r s  ( a m b  &  h o t )  2 - b l o c k .

          
          J_cdA[eqCount,bOffset]=1.0
          J_cdA[eqCount,bOffset+1]=Tamb

          #  Ho t -power  sub -b lock .

          J_cdH[eqCount,bOffset]=1.0
          J_cdH[eqCount,bOffset+1]=Thot

          #-  Bu i l d  the  RHS vec to r :  WVR da ta

        
          #  R H S :  T w v r ( t )  w i t h  t h e  s t a t i o n a r y   A T M - b a s e d  p a r t

          #  s u b t r a c t e d .  R e s c a l e  T w v r  t o  k i l o K e l v i n .

          dTw=0.001* Twvr[atmSPW]- Tsky
        
          #  Se t  i t  as  t he  RHS componen t .

          CC[eqCount]=dTw
        
          # -  Ammend  the  RHS vec to r :  Ca l i b ra t i on  da ta .

        
          #  A m b i e n t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .  

          CCA[eqCount]=Tamb- Piw[atmSPW]- Grw[atmSPW]* Tamb
          #  H o t - l o a d  p o w e r  w i t h  i t s  w o r k i n g - p o i n t  p a r t  s u b t r a c t e d .

          CCH[eqCount]=Thot- Piw[atmSPW]- Grw[atmSPW]* Thot
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          # -  D i a g n o s t i c s

        
          #  Res idua  o f  sky  t empera tu re  f o r  mean  PWV and  Tsun  (ope ra t i on  po in t ) .

          resT[atmSPW]=dTw.mean()

          # Mapping between ATM SPW and equation number.

          spw2row[atmSPW]=eqCount
          
          eqCount+=1
        
        else: print('Ignoring flagged ',atmSPW,' WVR channel.')
        # - - >  e n d i f ( n o t  f l a g g g e d )

      
      #--> endfor(ATM SPWs)

      #  N o w ,  t h e  e q C o u n t  s h o u l d  b e  t h e  s a m e  a s  e q B l o c k S i z e .  J u s t  c h e c k  i t .

      i f (eqCount ! = eqBlockSize):
        print("******* Ooops, something is wrong !*******")
        print("   The expected number of equations does not correspond to the")
        print("   number of measured and non-flagged WVR channels.")
        return False

 

      # - -  S o l u t i o n  o f  t h e  s y s t e m  o f  l i n e a r i s e d  e q u a t i o n s .  S e e  d W d B d G ( )  f o r

      #    e x p l a n a t i o n .

      # -  C a l c u l a t e  t h e  s m a l l - b l o c k  m a t r i c e s  a n d  t h e i r  i n v e r s i o n s  n e e d e d  f o r

      #   g r a n d - s y s t e m  i n v e r s i o n .

      #  N a t u r a l  ( N - b l o c k )  m a t r i c e s .

      J_wb_T=np.transpose(J_wb)
      J_K=np.matmul(J_wb_T,J_wb)
      J_K_inv=np.linalg.inv(J_K)

      #  G a i n / P _ i n s t  ( G - b l o c k )  m a t r i c e s .

      J_gp_T=np.transpose(J_gp)
    
      #  ACD rows  (A -b lock )  ma t r i ces .

      #  C a l c u l a t e  t r a n s p o s i t i o n s  p e r  s u b - b l o c k  ( a m b i e n t / h o t ) .

      J_cdA_T=np.transpose(J_cdA)
      J_cdH_T=np.transpose(J_cdH)

      #  I n c r e a s e  i m p o r t a n c e  o f  t h e  A C D  r o w s  b y  c a l i b r a t i o n  w e i g h t .

      #  O n l y  t h e  t r a n s p o s e d  A - b l o c k  m a t r i c e s  s h o u l d  b e  s c a l e d  u p !

      J_cdA_T*=calWeight
      J_cdH_T*=calWeight
    
      #  C o m p o s e  t h e  f u l l  b l o c k  a n d  i t s  t r a n s p o s i t i o n .  T h e  t r a n s p o s i t i o n  t o  b e

      #  s c a l e d  u p  -  s e e  a b o v e .  O r ,  a l t e r n a t i v e l l y ,  i t  c a n  b e  b u i l t  a s

      #  np .hs tack ( [ J_cdA_T ,J_cdH_T ] )  f r om a l ready  sca led -up  t ransposed  sub -b l ks .

      J_cd=np.vstack([J_cdA,J_cdH])
      J_cd_T=calWeight* np.transpose(J_cd)

      # -  B a s e - m a t r i x  e x t e n s i o n s .

    
      #  R i g h t  a n d  l o w e r  b a n d s :  T h e i r  ( n E q s  x  3 )  a n d  ( 3  x  n E q s )  r e p e a t i n g  b l o c k s .
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      Rb=np.matmul(J_wb_T,J_gp)    
      Lb=np.transpose(Rb)
    
      #  L o w e r - r i g h t  c o r n e r

      LRc=nSamples* np.matmul(J_gp_T,J_gp)+np.matmul(J_cd_T,J_cd)

      # -  F r e q u e n t l y  r e p e a t i n g  m a t r i x  p r o d u c t s .  C f .  w i t h  e x t M a t I n v ( )  a b o v e .

      #  A i n v  x  R b  a n d  L b  x  A i n v

      AinvRb=np.matmul(J_K_inv,Rb)
      LbAinv=np.transpose(AinvRb)
       
      # -  S c h u r  c o m p l e m e n t  a n d  i t s  i n v e r s i o n .

      SC=LRc- nSamples* np.matmul(Lb,AinvRb)
      SC_inv=np.linalg.inv(SC)

      # -  B l o c k s  o f  i n v e r t e d  g r a n d - s y s t e m  m a t r i x .

      #  S t a r t  w i t h  t h e  l o w e r - l e f t  b l o c k  a s  i t  r e p e a t s  i n  u p p e r - l e f t  b l o c k ,  t o o .

      Minv21= -np.matmul(SC_inv,LbAinv)
      
      #  U p p e r - l e f t  b l o c k :  O f f - d i a g o n a l  t e r m s .  T h e  d i a g o n a l  b l o c k s  d i f f e r  j u s t

      # by  added J_K_ inv .

      Minv11_OD= -np.matmul(AinvRb,Minv21)
      
      #  U p p e r - r i g h t  b l o c k .

      Minv12=np.transpose(Minv21)

      #  L o w e r - r i g h t  b l o c k .

      Minv22=SC_inv

      # - -  A p p l y  t h e  i n v e r t e d  m a t r i x  c o m p o n e n t s  t o  t h e  R H S  v e c t o r .

      
      # Sum o f  the  RHS a long  the  t ime ax is ,  keep ing  the  SPW:POL d imens ion .

      #  P r e s e r v e  t h e  n u m b e r  o f  m a t r i x  r o w s ,  j u s t  s u m  t h e i r  c o n t e n t s ,  i . e .  m a k e

      #  t h e  s i n g l e - c o l u m n  m a t r i x .

      CCsum=np.reshape(CC.sum(axis=1),(- 1,1))

      # -  F o r m  t h e  R H S  v e c t o r  f o r  t h e  n o r m a l  e q u a t i o n s  ( K - f o r m  m i n i m i z e r ) ,

      #   i . e ,  m u l t i p l y  t h e  r a w  d a t a  b y  J J _ T  

      #  S t a r t  w i t h  t h e  n a t u r a l - v a r i a b l e s  d W  a n d  d B  p a r t .

      C_K_wb=np.matmul(J_wb_T,CC)      #  2  x  nSamp les  mat r i x

      
      #  M a k e  t h e  s a m e  a l s o  f o r  i t s  t i m e - s u m .

      C_K_wb_sum=np.matmul(J_wb_T,CCsum)   #  2  x  1

      
      #  F o l l o w  w i t h  t h e  i n s t r u m e n t a l  p a r t .

      C_K_gp=(np.matmul(J_gp_T,CCsum)      # 2*eqCount  x  1

              +np.matmul(J_cdA_T,CCA)
              +np.matmul(J_cdH_T,CCH))
      
      # -  A p p l y  b l o c k s  o f  t h e  i n v e r t e d  J J _ K ^ ( - 1 )  m a t r i x  t o  t h e  C _ K  R H S  v e c t o r .

      
      #  C o n s t a n t  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r  ( 2  x  1 )

      nvConst=np.matmul(Minv11_OD,C_K_wb_sum)+np.matmul(Minv12,C_K_gp)

      #  T i m e - v a r y i n g  p a r t  o f  t h e  n a t u r a l - v a r i a b l e s  v e c t o r .  I t  c o m e s  f r o m  t h e
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      #  add i t i on  to  the  M inv11  d iagona l - te rms  (see  comment  above  a t  M inv11_OD) .

      nvVar=np.matmul(J_K_inv,C_K_wb)  # 2 x nSamples 

      #  C o m p o s e  t h e  c o m p l e t e  n a t u r a l  v a r i a b l e s  v e c t o r .

      varNat=nvVar+nvConst

      #  I n s t r u m e n t a l  v a r i a b l e s .  T h e  r e s u l t  i s  o f  2 * e q B l o c k S i z e  x  1  s h a p e .

      varInst=np.matmul(Minv21,C_K_wb_sum)+np.matmul(Minv22,C_K_gp)

      # -  R e s h a p e  t h e  r e s u l t s  -  e x t r a c t  o u r  e l e m e n y t a r y  v a r i a b l e s .

    
      #  Seapara te  t he  na tu ra l - va rs  componen ts .

      #  PWV va r i a t i ons  p resen t  a lways .

      dW=varNat[0]

      #  d B  v a r i a t i o n s  o n l y  i n  c a s e  o f  s o l a r  i l l u m . ,  o t h e r w i s e  t h e y  a r e  z e r o s

      i f (solIllumination):
        dB=varNat[1]
      else:
        dB=np.zeros(nSamples) 

    
      #  R e s h a p e  i n s t r u m e n t a l  p a r a m e t e r s  t o  t w o  r o w s  ( t r a n s p o s e ) :  1 s t  i s  d P _ i ,

      # the 2nd dG, one component  per  WVR channel .

      dPG=np.transpose(np.reshape(varInst,(eqBlockSize,2)))
      
      #  E x t r a c t  t h e  s h i f t s  i n  t h e  P _ i n s t  a n d  G  

      dPinst=dPG[0]    
      dGinst=dPG[1]
      
      # -  A n a l y t i c s :  C a l c u l a t e  t h e  e r r o r s  f o r  t h e  o v e r - d e t e r m i n e d  s e t  o f  e q s .

      
      #  e r r = A . x - b :  S c i - d a t a  p a r t .

      errVec=np.matmul(J_wb,varNat)+np.matmul(J_gp,varInst)- CC
      #  X i  s q u a r e  f o r  t h e  s c i - d a t a  p a r t .  

      xiSci=np.sum(errVec* errVec)
      
      
      #  e r r = A . x - b :  C a l i b r a t i o n - d a t a  p a r t .

      errVecACDamb=np.matmul(J_cdA,varInst)- CCA
      errVecACDhot=np.matmul(J_cdH,varInst)- CCH
      #  X i  s q u a r e  f o r  t h e  c a l - d a t a  p a r t .  

      xiACD=np.sum(errVecACDamb* errVecACDamb)+np.sum(errVecACDhot* errVecACDhot)
      
      #  G r a n d - t o t a l  X i - s q u a r e  n o r m a l i z e d  t o  t h e  n u m b e r  o f  e q u a t i o n s  ( s c i / a c d ) .

      xiSquare=xiSci/ nSamples+xiACD/ (calWeight* * 2)
    

      # -  A l l  v a r i a t i o n s  s h o u l d  t e n d  t o  z e r o  m e a n s .

      dW_mean=dW.mean()
      dB_mean=dB.mean()
    
      #  U p d a t e  s t a t i o n a r y  p a r t  o f  P W V  a n d  s o l  T _ B   b y  m e a n s  o f  t h e i r  v a r i a t i o n s .

      w0+=dW_mean
      Tsun0+=dB_mean
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      #  U p d a t e  a l s o  t h e  P i w  a n d  G r w  b y  t h e  f o u n d  d i f f e r e n c e s .

      f o r atmSPW,eqCount i n spw2row.items():
        #  Upda te  t he  P_ ins t  and  G .

        Piw[atmSPW]+=dPinst[eqCount]
        Grw[atmSPW]+=dGinst[eqCount] 
      #- ->  end fo r (va l i d  WVR chans )

      #-  Convergence  d iagnos t i cs .

    
      itCount+=1
    
      #  U p d a t e d  s c a n - a v e r a g e d  P W V  a n d  s o l .  i l l u m .  a f t e r  c o m p l e t e d  i t e r a t i o n .

      print('....... After iteration no. ',itCount)
      print('Mean PWV for the scan,',tgtScan,' w0 = ',w0,"mm"
            ", mean Tsun(illumination) = ",1000.0* Tsun0,"K") #  s c a l e  t o  K e l v i n s

   
      #  M e a n  v a l u e s  o f  d W  a n d  d B  f l u c t u a t i o n s  s h o u l d  t e n d  t o  z e r o .

      print("dW mean: ",dW_mean)
      print("dB mean: ",dB_mean)

      #  S k y - b r i g h t n e s s  r e s i d u a  s h o u l d  t e n d  t o  z e r o ,  t o o .

      #  C o n v e r t  t h e  s p w I d  m a p s  t o  n p . a r r a y s  f i r s t .  W e  h a v e  t o  g o  v i a  ' l i s t ' .

      resTArr=np.array(list(resT.values()))
  
      print("res T: ", resT,"mean +/- RMS: ",resTArr.mean(),"+/-",resTArr.std())
      
      print('.......')

    # - - >  e n d w h i l e ( n o n - z e r o - m e a n s )  /  e n d  o f  m a i n  i t e r a t i o n  l o o p .   

    PWV[cwi]=w0
  
    TSil[cwi]=Tsun0
       
    NIT[cwi]=itCount
    xis[cwi]=xiSci
    xia[cwi]=xiACD
  
  # - - >  e n d f o r ( r a n g e - o f - c a l W e i g h t s )

  # Range o f  ca lWeigh ts

  CWS=1.0+0.05* np.arange(900.0)

  # - -  R e t u r n  t h e  a r r a y s  o f  i n t e r e s t  i n  d e p e n c e n c e  o n  c a l W e i g h t .

  
  return {'CW':CWS,"PWV":PWV,"Ts":TSil,"XiS":xis,"XiA":xia,"NIT":NIT}
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def pwv4scans(vis,solWVR=False):
  ' ' '

  Ca lcu la te  PWV( t )  f rom the  raw WVR da ta  us ing  dWdLs2( ) /dWdLs3( )  i n  fou r

  c o n s e c u t i v e  s c a n s  a r o u n d  t h e  s o l a r  s c a n  -  s t a r t  w i t h  l e a d i n g  p h a s e - s c a n  a n d

  f i n i s h  w i t h  t h e  t r a i l i n g  p h a s e - c a l  s c a n .

  Fo r  compar i son ,  ca l cu la te  the  sc iSPW-based  PWV( t )  p roxy  by  dWdBdG( )  fo r  t he
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  s o l a r  o n - s o u r c e  s u b s c a n s ,  t o o .

  W V R s  i n  t h e  s o l a r  o n - s o u r c e  s u b s c a n  a r e  d i s a b l e d  b y  d e f a u l t  (  * s o l W V R *  =  F ) ,

  b e c a u s e ,  i n  g e n e r a l ,  t h e y  a r e  s a t u r a t e d .  M a y  b e  s e t  t o  T  f o r  t h e  s p e c i f i c

  MS:  Band  5  da ta  o f  2022 .1 .00023 .CSV (WVR are  ~10  a rcmin  o f f - l imb)  

  Save WVR + sc iSPW data  to  ' . /pwv4scans.npy '  fo r  12m antennas and sc iSPW data

  e x t r a  f o r  a l l  a n t e n n a s  t o  ' . / P W V _ T B _ G P _ D A T A - a n t E f f . n p y ' .  B o t h  f i l e s  a r e  o p e n

  i n  ' a p p e n d  m o d e ,  t h e  r e c e n t - m o s t  r e s u l t s  a r e  t h e  l a s t  ( t h e  o l d e r  m a y  b e  u s e d

  f o r  c o m p a r i s o n  o f  d i f f e r e n t  a p p r o a c h e s ,  e . g . d W d L s 2 ( )  v s .  d W d L s 3 ( ) ,  s o l a r

  c o n t a m i n a t i o n  i n  o f f - t h e - S u n  s c a n s  a l l o w e d  o r  n o t ,  e t c . )

  ' ' '

  # - -  I / O

  #  O u t p u t - p l o t s  d i r e c t o r y .

  pngDir='./4scanPWVs/'
  i f (not os.path.exists(pngDir)): os.makedirs(pngDir)

  
  # - -  G l o b a l  t o o l s  &  d a t a

  
  myMS=mstool()
  myMS.open(vis)

  myMsmd=msmdtool()
  myMsmd.open(vis)
  
  acdLoads=aU.getLoadTemperatures(vis,doplot = False,
                                  warnIfNoLoadTemperatures = True,
                                  mymsmd=myMsmd)

  
  #--  Prepare ATM models

  #- ATMs for WVR

  
  # Lead ing  P-ca l  scan  (WVR) .

  pCal1ATM=attool()
  setAtmTool(pCal1ATM,vis,4,7,myMsmd=myMsmd)

  # Pre-so lar  ATM scan (WVR).

  sysCalATM=attool()
  setAtmTool(sysCalATM,vis,4,8,myMsmd=myMsmd)

  #  So la r  scan

  solATM=attool()
  setAtmTool(solATM,vis,4,9,myMsmd=myMsmd)

  #  T r a i l i n g  P - c a l  s c a n  ( W V R ) .

  pCal2ATM=attool()
  setAtmTool(pCal2ATM,vis,4,10,myMsmd=myMsmd)

  #- ATMs for SCI SPWs.

  #  S c i  S P W  f o r  l e a d i n g - p h a s e  s c a n  ( s c i ) .

  p1SciATM=attool()
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  setAtmTool4SPWs(p1SciATM,vis,7,myMsmd=myMsmd)

  #  S c i  S P W  f o r  s o l a r  s c a n  ( s c i ) .

  solSciATM=attool()
  setAtmTool4SPWs(solSciATM,vis,9,myMsmd=myMsmd)

  #  S c i  S P W  f o r  l e a d i n g - p h a s e  s c a n  ( s c i ) .

  p2SciATM=attool()
  setAtmTool4SPWs(p2SciATM,vis,10,myMsmd=myMsmd)

  
  # - -  G e t  a n t e n n a  l i s t .

  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()

  # - -  R e d i r e c t  o u t p u t  t o  a  t e x t  f i l e .

  
  sys.stdout=open("./STDOUT.txt", "w")
  
  # - -  L o o p  o v e r  a l l  a n t e n n a s .  

  f o r myAnt i n antIDs:
    
    #  A n t  I D  a s  i n t .

    antID=int(myAnt)
    

    #  R e p o r t  p r o g r e s s .

    
    print('\n============================================================')
    print('Calculating antenna ',antID,'<-->',antNames[myAnt])
    print('============================================================\n')

    # - -  Run  sc i - spw  PWV ex t r ac t i on  v i a  dWdBdG2( )  f o r  a l l  an tennas .

    sciPWV_S=dWdBdG2(vis,8,9,solSciATM,antID,
                     spwList=[5,7,9,11,6,8,10,12,0,1,2,3],
                     T_tgt=6905.0,flaggedData=[],myMS=myMS,myMsmd=myMsmd,
                     acdLoads=acdLoads)

    
    ' ' '

    A n  a t t e m p t  ( f a i l e d )  t o  e x t r a c t  s c i - S P W  P W V  p r o x y  f r o m  t h e  p h a s e - c a l i b r a t o r

    s c a n s .  F o r  s o m e  r e a s o n  -  m o s t  l i k e l y  t h a t  P C - s c a n  i s  p e r f o r m e d  i n  t h e  n o n - M D

    m o d e  -  t h e  p o w e r s  i n  t h e  p - c a l  s c a n  a r e  m u c h  h i g h e r  t h a n  e x p e c t e d  a n d

    u s i n g  t h e  g a i n s  f o u n d  b y  t h e  A T M / A C D  s c a n  l e a d  t o  b r i g h t n e s s  t e m p e r a t u r e s

    c o m p a r a b l e  t o  t h e  S u n ,  i . e .  a r o u n d  4 0 0 0 K !

    

    sciPWV_P1=dWdBdG2(vis,8,7,p1SciATM,antID,

                      s p w L i s t = [ 5 , 7 , 9 , 1 1 , 6 , 8 , 1 0 , 1 2 , 0 , 1 , 2 , 3 ] ,

                      T_ tg t=0 .0 , f l aggedDa ta= [ ] ,myMS=myMS,myMsmd=myMsmd,

                      a c d L o a d s = a c d L o a d s )

    sciPWV_P2=dWdBdG2(vis,8,10,p2SciATM,antID,

                      s p w L i s t = [ 5 , 7 , 9 , 1 1 , 6 , 8 , 1 0 , 1 2 , 0 , 1 , 2 , 3 ] ,

                      T_ tg t=0 .0 , f l aggedDa ta= [ ] ,myMS=myMS,myMsmd=myMsmd,

                      a c d L o a d s = a c d L o a d s )
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    ' ' '

    # - -  R u n  t h e  d W d L s 4 ( )  c a l c u l a t i o n s  f o r  e a c h  s c a n .  O n l y  f o r  1 2 m  a n t e n n a s .

    i f (antNames[myAnt][:2]! ='CM'): # Skip CM antennas, no WVR.

      
      pCal1PWV=dWdLs4(vis,pCal1ATM,antID,7,
                      flaggedWVRchannels=[0],ssType='',solIllumination=False,
                      myMsmd=myMsmd,acdLoads=acdLoads)

      sysCalPWV=dWdLs4(vis,sysCalATM,antID,8,
                       flaggedWVRchannels=[0],ssType='',solIllumination=False,
                       myMsmd=myMsmd,acdLoads=acdLoads)
      
      solOffPWV=dWdLs4(vis,sysCalATM,antID,9,
                       flaggedWVRchannels=[0],ssType='off',
                       solIllumination=False,
                       myMsmd=myMsmd,acdLoads=acdLoads)

    
      i f (solWVR):
        #  WVR in  so la r  on-source  subscan .

        solOnPWV=dWdLs4(vis,solATM,antID,9,
                        flaggedWVRchannels=[0],ssType='on',solIllumination=True,
                        myMsmd=myMsmd,acdLoads=acdLoads)

        
      
      pCal2PWV=dWdLs4(vis,pCal2ATM,antID,10,
                      flaggedWVRchannels=[0],ssType='',solIllumination=False,
                      myMsmd=myMsmd,acdLoads=acdLoads)

      # -  Compar i son  p l o t s  on l y  f o r  12m an tennas .

      #  I n i t  p l o t  f o r  a n t e n n a .

      plt.rcParams["figure.figsize"] = (20,15)
      plt.suptitle(antNames[myAnt])

      # Plot  the WVR-based PWV(t ) .

      t1=pCal1PWV['time']
      p1=pCal1PWV['pwv']
      plt.plot(t1,p1,'r.')
  
      t2=sysCalPWV['time']
      p2=sysCalPWV['pwv']
      plt.plot(t2,p2,'g.')
      

      t3=solOffPWV['time']
      p3=solOffPWV['pwv']
      plt.plot(t3,p3,'b.')

      i f (solWVR):
        #  WVR in  so la r  on-source  subscan .

        t4=solOnPWV['time']
        p4=solOnPWV['pwv']
        plt.plot(t4,p4,'k.')
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      t5=pCal2PWV['time']
      p5=pCal2PWV['pwv']
      plt.plot(t5,p5,'m.')

      # Add the sciSPW-based PWV(t) .

      t6=sciPWV_S['time']
      p6=sciPWV_S['pwv']
      plt.plot(t6,p6,'c.')

      ' ' '       

      t 7 = s c i P W V _ P 1 [ ' t i m e ' ]

      p 7 = s c i P W V _ P 1 [ ' p w v ' ]

      p l t . p l o t ( t 7 , p 7 , ' c . ' )

      t 8 = s c i P W V _ P 2 [ ' t i m e ' ]

      p 8 = s c i P W V _ P 2 [ ' p w v ' ]

      p l t . p l o t ( t 8 , p 7 , ' c . ' )

      ' ' '

      #  Add  the  SYSCAL-p roduced  PWVs.  Se lec t  j us t  l as t  th ree  va lues

      #  w h i c h  a r e  a t  t i m e s  a r o u n d  o u r  4  s c a n s .

      sTimes,sPWVs=getPWVforAnt(vis,9,antID,myMsmd=myMsmd)['allPWVs']
      tLast=sTimes[- 3:]
      pLast=1000.0* sPWVs[- 3:] # PWV in m -> mm

      
      plt.plot(tLast,pLast,'ro')
         

      #  S a v e  t o  a  f i l e  a n d  c l o s e .

      antIndex='_{:02d}'.format(antID)

      
      plt.savefig(pngDir+'ant'+antIndex+'.png')  
      plt.show() 
      plt.close()

      #-  Save WVR/PWV data  to  b inary  NPY f i le .

      #  C o n v e r t  t h e  a n t e n n a  I D  t o  a  s i n g l e - e l e m e n t  a r r a y .

      antIDa=np.array([antID])

      #  O p e n  o u r  N P Y - b i n a r y  f i l e  i n  t h e  a p p e n d  m o d e  a n d  s a v e  t h e  a r r a y s  f o r

      #  t h e  c u r r e n t  a n t e n n a .

      with open('./pwv4scansW.npy', 'ab') as f:
        np.save(f,antIDa)

        # WVR-based PWVs

        np.save(f,t1)
        np.save(f,p1)
        np.save(f,t2)
        np.save(f,p2)
        np.save(f,t3)
        np.save(f,p3)
        
        i f (solWVR):
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          #  WVR in  so la r  on-source  subscan .

          np.save(f,t4)
          np.save(f,p4)

        np.save(f,t5)
        np.save(f,p5)

        # Sci SPW-based PWVs

        np.save(f,t6)
        np.save(f,p6)

        ' ' '

        n p . s a v e ( f , t 7 )

        n p . s a v e ( f , p 7 )

        n p . s a v e ( f , t 8 )

        n p . s a v e ( f , p 8 )

        ' ' '

      #  - - >  e n d ( s a v e  b l o c k )       

      
    # - - >  e n d i f ( n o t - a - - C M - a n t e n n a )

    # - -  S a v e  t h e  * f u l l *  d W d B d G ( )  o u t p u t  f o r  * a l l *  a n t e n n a s .

    antIDa=np.array([antID])

    #  E x t r a c t  t h e  a r r a y s  f r o m  t h e  m a p .

    tt=sciPWV_S['time']
    dW=sciPWV_S['pwv']
    dB=sciPWV_S['T_B']
    AA=sciPWV_S['J']
    CC=sciPWV_S['C']

    #  O p e n  o u r  N P Y - b i n a r y  f i l e  i n  t h e  a p p e n d  m o d e  a n d  s a v e  t h e  a r r a y s  f o r

    #  t h e  c u r r e n t  a n t e n n a .  S a v e  t h e  m a t r i x  A A  a n d  t h e  R H S  v e c t o r  C C ,  t o o ,  s o

    #  t h a t  t h e  r e s u l t s  c a n  b e  e x t r a c t e d  b y  o u r  r e s t o r e S o l _ d W d B ( )  m e t h o d .

    with open('./PWV.npy', 'ab') as f:
      np.save(f,antIDa)
      np.save(f,tt)
      np.save(f,dW)
      np.save(f,dB)
      np.save(f,AA)
      np.save(f,CC)
    #  - - >  e n d ( s a v e  b l o c k )

    #  F l u s h  t h e  r e d i r e c t e d  s t d o u t  s t r e a m .

    sys.stdout.flush()
  #  - - >  e n d f o r ( a l l  a n t e n n a s )

  # - - -  C l e a n - u p

  #  R e s t o r e  s t d o u t  b a c k  t o  c o n s o l e .

  sys.stdout = sys.__stdout__

  solSciATM.done()
  pCal2ATM.done()
  solATM.done()
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  sysCalATM.done()  
  pCal1ATM.done()

  myMsmd.done()
  myMS.done()
  
  return
  

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def pwv4scansRestore(vis,hasSolWVR=True,runID=100000):
  " " "

  E x t r a c t  d a t a  s a v e d  b y  p w v 4 s c a n s ( ) .  T h e  p a r a m e t e r  * r u n I D *  c o n t r o l s ,  w h i c h  r u n

  o f  p w v 4 s c a n s ( )  s h o u l d  b e  e x t r a c t e d  ( p w v 4 s c a n s ( )  a p p e n d s  t h e  n e w  r e s u l t s  t o

  t h e  e n d  o f  e x i s t i n g  f i l e s ) .  T h e  d e f a u l t  v a l u e  o f  1 0 0 0 0 0  m e a n s  t o  t a k e  t h e

  r e c e n t - m o s t  d a t a .  T h e  * r u n I D *  s t a r t s  c o u n t i n g  f r o m  1 .

  P a r a m e t e r  * v i s *  i s  h e r e  f o r  d e t e r m i n i n g  t h e  a n t e n n a  a r r a y .

  

  T h e  f l a g  * h a s S o l W V R *  ( d e f a u l t  =  T )  i n d i c a t e s ,  w h e t h e r  t h e  d a t a  c o n t a i n  a l s o

  the  on-source  subscan WVR data .

  " " "

  # - -  S t a t i c  s e t t i n g s

  filePath='./pwv4scansW.npy'

  
  # - -  L i s t  a l l  a n t e n n a s  i n  t h e  a r r a y .

  myMsmd=msmdtool()
  myMsmd.open(vis)
  antIDs=myMsmd.antennaids()
  antNames=myMsmd.antennanames()

  myMsmd.done()

  #  S o  f a r  e m p t y  m a p  [ a n t I D  - >  p w v _ r e c ] .

  pwv_map={}

  #  I n i t  t h e  r e c o r d  c o u n t e r .

  rCount=0
  
  
  # Open the  b inary  dWdB data .

  with open(filePath, mode='rb') as f:

    # - -  L o o p  o v e r  t h e  s t a c k  o f  r e c o r d s .

    while(rCount<runID):

      # - -  L o o p  o v e r  a l l  a n t e n n a s .  

      f o r myAnt i n antIDs:
        
        # Sk ip  the CM antennas,  they have no WVR.

        i f (antNames[myAnt][:2]=='CM'): continue
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        #  W e  m a y  b e  a i m i n g  a t  t h e  l a s t  r e c o r d  ( t h e  d e f a u l t )  -  c h e c k  t h e  E O F .

        #  The  np . l oad ( )  me thod  needs  t o  be  checked  v i a  excep t i ons .

        t r y:
          
          antIDa=np.load(f)
                       
        except (EOFError,ValueError, OSError): # EOF: new/old NumPy sty le

          print("EOF reached beyond record no. ",rCount,".\n")
          #  P r e v e n t  f u r t h e r  r e a d i n g  a t t e m p t s .

          rCount=runID
          #  B r e a k  t h e  a n t e n n a  f o r - l o o p .

          break
                    
        # - - >  e n d  t r y / c a t c h  b l o c k .

        #  C o n v e r t  t h e  a n t e n n a  I D  f r o m  ( s i n g l e - e l e m e n t )  i n t - a r r a y  t o  i n t .

        antID=antIDa[0]

        # Read the  t imes  and pwvs  per  scans /sub-scans

        t1=np.load(f)
        p1=np.load(f)
        t2=np.load(f)
        p2=np.load(f)
        t3=np.load(f)
        p3=np.load(f)

        i f (hasSolWVR):
          #  R e a d  s o l a r  o n - s o u r c e  s u b s c a n  d a t a  o n l y  i f  t h e y  a r e  p r e s e n t .

          t4=np.load(f)
          p4=np.load(f)

        t5=np.load(f)
        p5=np.load(f)
        t6=np.load(f)
        p6=np.load(f)

        #-  Organ ise  the  da ta  depend ing  whether  we  have  o r  no t  the  on-source  WVRs

        
        i f (hasSolWVR):
          #  A l l  t i m e s  a s  a  l i s t  o f  a r r a y s

          times=[t1,t2,t3,t4,t5,t6]
          #  A l l  c o r r e s p o n d i n g  P W S s  a s  a  l i s t  o f  a r r a y s

          pwvs=[p1,p2,p3,p4,p5,p6]
        else:
          #  T i m e s  e x c e p t  t h e  o n - s o u r c e  s u b s c a n  a s  a  l i s t  o f  a r r a y s

          times=[t1,t2,t3,t5,t6]
          #  Co r respond ing  PWSs  excep t  t he  on -sou rce  subscanas  a  l i s t  o f  a r rays

          pwvs=[p1,p2,p3,p5,p6]
        

        # One record  per  an tenna

        pwv_rec={'times':times,'pwvs':pwvs}
        
        #  A p p e n d  t h e  r e c o r d  t o  t h e  c o l l e c t i o n .  I f  m u l t i p l e  r e c o r d s / r u n s  a r e
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        #  r e a d ,  t h e  m a p  i t e m  i s  o v e r w r i t t e n  u n t i l  t h e  l a s t  o n e .  

        pwv_map[antID]=pwv_rec

        
      # - - >  e n d f o r ( a l l  a n t e n n a s )

      #  I n c r e m e n t  t h e  r e c o r d  c o u n t e r .

      rCount+=1
      
    #-->endwhi le(recordCountReached)

  # - - >  e n d  w i t h - b l o c k

  
  #  R e t u r n  t h e  e n t i r e  c o l l e c t i o n .  

  return pwv_map

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def dpwvXsolWVR_raw():
  " " "

  A  s i m p l e  ' b y - e y e '  c o m p a r i s o n  o u r  d P W V  p r o x y  f o r  t h e  * s o l a r *  s c a n  w i t h

  t h e  * r a w *  W V R  d a t a  i n  t h e  s o l a r  s c a n .

  d P W V  p r o x y  i s  c a l c u l a t e d  f r o m  * s c i e n c e  S P W s *  u s i n g  d W d B ( ) .  W e  u t i l i z e  h e r e  t h e

  p re - ca l cu l a ted  ou tpu t  saved  i n  dWdB_da ta .npy

  WVR is  ca lcu la ted  f rom raw WVR da ta  (SPW 4)  v ia  dWdLs( ) .

  W e  p l o t  b o t h  t i m e  p r o f i l e s  a s  l e f  a n d  r i g h t  p a n e l  o f  a  s i n g l e  f i g u r e  t o

  s e e  t h e  d i f f e r e n c e s .

  

  * * *  S p e c i f i c  f o r  2 0 2 2 . 1 . 0 0 0 3 1 C S V  p r o j e c t !  * * *

  T h i s  m e t h o d  c a n n o t  b e  u s e d  o u t s i d e  o f  t h e  p r o j e c t  -  i t  w a s  j u s t  a  g o o d  l u c k

  t h a t  t h e  W V R  w e r e  p o n t i n g  o u t  o f  t h e  S u n  b e c a u s e  t h e  B a n d  5  r e c e i v e r  w a s

  p o i n t e d  c l o s e  t o  t h e  l i m b  -  s e e  f i x S o l W V R s ( )  f o r  d e t a i l s .  

  " " "

  # - -  S t a t i c  s e t t i n g s  f o r  t h i s  s p e c i f i c  p r o j e c t / M S .

  #  I n p u t  d a t a  s e l e c t i o n

  vis='uid___A002_X110fd13_X1099e.ms'
  tgtScan=9
  atmScan=8

  #  O u t p u t  f i g u r e s  d i r e c t o r y  -  s e p a r a t e  f o r  e a c h  S P W  t y p e .

  pngDir='./sol_WVR+dPWV/'
  i f (not os.path.exists(pngDir)): os.makedirs(pngDir)

  #  Se t  the  ATM mode l  fo r  the  WVR da ta  (SPW 4)  and  the  so la r  scan

  myAtm=attool()
  setAtmTool(myAtm,vis,4,tgtScan)
  
  # - -  E x t r a c t  t h e  l i s t  o f  a n t e n n a s .

  myMsmd=msmdtool()
  myMsmd.open(vis)
  
  antIDs=myMsmd.antennaids()
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  antNames=myMsmd.antennanames()

  myMsmd.done()

  # - -  d P W V s :  T o  b e  e x t r a c t e d  f r o m  t h e  p r e - c a l c u l a t e d  f i l e .

  dwdbMap=restoreSol_dWdB()

  # - -  L o o p  o v e r  a l l  a n t e n n a s

  
  f o r myAnt i n antIDs:

    # Sk ip  a l l  CM an tennas ,  these  have  no  WVRs.

    i f (antNames[myAnt][:2]=='CM'):
      print("Skipping antenna ",antNames[myAnt]," - no WVR data.")
      continue
    
    #  R e p o r t  p r o g r e s s .

    print('Calculating antenna ',int(myAnt),'<-->',antNames[myAnt])

    #- Science SPW: dPWV proxy

    
    #  T ime  ax i s  f o r  sc ience  SPWs.

    timeSci=dwdbMap[int(myAnt)]['time']
    # dPWV proxy from science SPW

    dPWV=dwdbMap[int(myAnt)]['dW']

    #- WVR data from SPW 4

    timeWVR,dW,dL=dWdLs(int(myAnt),myAtm)

    # -  I n i t  p l o t s

    #  S e t  t h e  s i z e s  o f  t h e  p l o t

    plt.rcParams["figure.figsize"] = (10,5)
    #  M a k e  X X  a n d  Y Y  p l o t s  a s  s u b p l o t s  ( h o r i z o n t a l l y )

    ff,(sp1,sp2)=plt.subplots(1,2)
    #  A d d  t h e  a n t e n n a  n a m e  a s  a  p l o t  t i t l e .

    plt.title(antNames[myAnt])

    
    # -   X X :  l e f t  s u b - p l o t    

    #  P l o t  t h e  d P W V  r e s u l t s  a s  a  r e d  l i n e .

    sp1.plot(timeSci,dPWV[0],'-r') 
    #  O v e r p l o t  t h e  W V R  v a r i a t i o n s  a s  b l u e .

    sp1.plot(timeWVR,dW,'-b')
    
    # -   Y Y :  r i g h t  s u b - p l o t

    #  P l o t  t h e  d P W V  r e s u l t s  a s  a  r e d  l i n e .

    sp2.plot(timeSci,dPWV[1],'-r') 
    #  O v e r p l o t  t h e  W V R  v a r i a t i o n s  a s  b l u e .

    sp2.plot(timeWVR,dW,'-b')

    # -  S a v e  t o  a  f i l e  a n d  c l o s e .

    plt.savefig(pngDir+'wvrXdpwv_'+antNames[myAnt]+'.png')  
    plt.show() 
    plt.close()
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  # - - >  e n d f o r ( a l l  a n t e n n a s )

  #  C l o s e  t h e  A T M  t o o l .

  myAtm.done()
  
  return

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

def pwv4ScansCompare(vis):
  " " "

  More  so f is t i ca ted  comar ison  be tween PWV as  de termined f rom sc i  SPWs

  v ia  dWdBdG( )  me thod  w i th  the  va lue  ca l cu la ted  f rom the  raw WVR tempera tu res

  v i a  d W d L s 3 ( ) .

  We compare for  a l l  12m antennas ( the 9m CM antennas do not  have WVRs)  and

  f o r  s a k e  o f  e f f i c i e n c y  w e  u s e  p r e - c a l c u l a t e d  P W V s  s t o r e d  i n  ' . / p w v 4 s c a n s . n p y '

  v i a  pwv4scans ( )  and  re - read  by  pwv4scansRes to re ( ) .

  " " "

  #  W h e r e  t o  s t o r e  t h e  c o r r e l a t i o n  p l o t s .

  pngDir='./pwvCorrs/'
  
  #  Load  the  PWV t ime  p ro f i l es  mapped  by  an tenna  ID .

  pwvMap=pwv4scansRestore(vis)

  f o r antID,pwvProfile i n pwvMap.items():

    #  E x t r a c t  t i m e s  a n d  p w v s  f o r  a l l  s c a n s / s u b - s c a n s .

    times=pwvProfile['times']
    pwvs=pwvProfile['pwvs']
  
    #  The  so la r  on -sou rce  subscan  WVR-base  PWV i s  l i s t ed  a t  i ndex  3 .

    tW=times[3]
    pW=pwvs[3]

    #  I t s  p r o x y  c o u n t e r p a r t  c a l c u l a t e d  f r o m  s c i  S P W  i s  a t  i n d e x  5 .   

    tS=times[5]
    pS=pwvs[5]

    #  W e  n e e d  t o  h a v e  c o l l o c a t e d  d a t a  i n  o r d e r  t o  c a l c u l a t e  l i n e a r  r e g r e s s i o n .  

    #  I n t e r p o l a t e  t o  t i m e s  o f  s c i  S P W  p r o x y  d a t a  a s  t h e y  h a v e  h i g h e r  c a d e n c e .

    pWi=np.interp(tS,tW,pW)

    #  C a l c u l a t e  c o e f f i c i e n t s  o f  l i n e a r  c o r r e l a t i o n  b e t w e e n  W V R -  a n d  s c i S P W - b a s e d

    #  P W V  v a l u e s  i n t e r p o l a t e d  t o  t h e  s c i - S P W  t i m e s .

    k,q=np.polyfit(pWi,pS,1)

    # - -  P r i n t  &  p l o t  t h e  c o r r e l a t i o n  r e s u l t s .

    print(antID,'\t',k,'\t',q)

    #  A n t e n n a  i n d e x  w i t h  t w o  d i g i t s  ( e . g . ,  ' 0 7 ' )  a s  t h e  f i g  t i t l e .

    antIndex='_{:02d}'.format(antID)
    plt.suptitle(antIndex)

    #  S c a t t e r  p l o t
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    plt.plot(pWi,pS,'b.')

    # Find the range of WVR-based PWVs

    pwmin=np.min(pW)
    pwmax=np.max(pW)

    #  O v e r p l o t  t h e  s c a t t e r - p l o t  w i t h  b e s t  l i n f i t /  

    x=np.array([pwmin,pwmax])
    y=k* x+q
    plt.plot(x,y,'r-')

    #  A d d  t h e  i d e n t i t y  l i n e  f o r  c o m p a r i s o n .

    plt.plot(x,x,'g-')

    #  S a v e  t h e  f i g  t o  a  f i l e  a n d  c l o s e .

    plt.savefig(pngDir+'pwv_'+antIndex+'.png')  
    plt.show() 
    plt.close()
  # - - > e n d f o r ( a l l  r e c o r d e d  a n t e n n a s )

  return


