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Resources

• IRAM	
  millimeter	
  interferometry	
  school
– hCp://www.iram-­‐ins'tute.org/EN/content-­‐page-­‐248-­‐7-­‐67-­‐248-­‐0-­‐0.html

• IRAM	
  mm	
  school	
  proceedings	
  (from	
  2000)
– hCp://www.iram.fr/IRAMFR/IS/IS2002/ps_2/web.html

– copied	
  and	
  catenated	
  at	
  class	
  website

• NRAO	
  synthesis	
  imaging	
  workshop
– hCp://www.aoc.nrao.edu/events/synthesis/2012/

• Essen'al	
  Radio	
  Astronomy
– hCp://www.cv.nrao.edu/course/astr534/ERA.shtml
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Theory

Where	
  the	
  complex	
  visibility	
  is	
  defined	
  as

and	
  measures	
  the	
  coherence	
  of	
  the	
  source	
  intensity
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Prac'ce
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•	
  atmospheric	
  effects
‣	
  phase	
  delay
‣	
  opacity

•	
  instrumental	
  effects
‣	
  antenna-­‐antenna	
  varia'ons
‣	
  stability
‣	
  shadowing
‣	
  “glitches”



Water	
  vapor	
  radiometry
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hCp://www.almaobservatory.org/en/outreach/newsleCer/211-­‐newsleCer-­‐no6

1mm	
  of	
  water	
  adds	
  a	
  path	
  delay	
  of	
  6mm

183	
  GHz	
  water	
  line

raw

corrected
residual	
  errors	
  remain
(including	
  instrumental)



Bandpass	
  calibra'on
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“Flat	
  fielding	
  in	
  frequency”

LSB USB

ALMA	
  SV	
  data	
  NGC3256

Note:	
  to	
  measure	
  (A,φ)	
  at	
  high	
  
s/n	
  in	
  small	
  frequency	
  channels	
  
requires	
  a	
  very	
  strong	
  source	
  
and	
  long	
  integra'on	
  'me



Gain	
  calibra'on
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Use	
  the	
  fundamental	
  principle	
  that	
  observa'ons	
  of	
  a	
  delta	
  func'on	
  should	
  
have	
  a	
  constant	
  (amplitude	
  and	
  phase)	
  visibility	
  on	
  all	
  baselines.

T(x,y) amp{V(u,v)}

δ function constant

Bright	
  astronomical	
  delta	
  func'ons	
  at	
  mmλ	
  =	
  quasars



Gain	
  calibra'on
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Interleave	
  observa'ons	
  of	
  the	
  source	
  with	
  a	
  “gain	
  calibrator”	
  that	
  is	
  close	
  in	
  the	
  sky



Gain	
  calibra'on

9

Solu'ons	
  for	
  A(t)	
  colored	
  by	
  antenna,	
  for	
  ALMA	
  SV	
  data	
  NGC3256



Flux	
  calibra'on
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First,	
  place	
  observa'ons	
  in	
  temperature	
  units	
  via	
  Tsys	
  calibra'on

Second,	
  convert	
  K	
  to	
  Jy	
  via	
  observa'ons	
  of	
  a	
  flux	
  calibrator,	
  a	
  source	
  
of	
  known	
  strength	
  (most	
  typically	
  a	
  planet	
  and	
  requires	
  a	
  model).



A	
  typical	
  track
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Antenna	
  poin'ng/focus	
  at	
  start	
  of	
  track

Observe	
  flux	
  cal	
  (small	
  planet	
  or	
  moon,	
  no	
  spectral	
  features)

Observe	
  bandpass	
  cal	
  (bright	
  quasar)

Loop	
  through	
  gaincal-­‐source-­‐gaincal-­‐source-­‐...	
  	
  	
  (nearby	
  quasar)
(some'mes	
  add	
  a	
  second	
  gaincal)

flux	
  cal	
  and	
  bandpass	
  cal	
  can	
  be	
  observed	
  at	
  any	
  point	
  during	
  the	
  track.	
  	
  

May	
  also	
  carry	
  out	
  poin'ng/focus	
  during	
  track,	
  especially	
  if	
  it	
  crosses	
  
over	
  sunrise/set.	
  	
  



Calibra'on	
  in	
  prac'ce
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Experience	
  counts!	
  -­‐	
  can	
  be	
  hard	
  to	
  tell	
  good	
  data	
  from	
  poor	
  to	
  middling	
  at	
  first

Painstaking...	
  requires	
  looking	
  at	
  many	
  (A,φ)	
  plots	
  in	
  different	
  ways,	
  trying	
  to	
  
isolate	
  glitches,	
  band	
  baselines/antennas,	
  regions	
  of	
  bad	
  weather,	
  etc.

Itera've	
  process:	
  examine	
  data,	
  flag,	
  calculate	
  calibra'on	
  tables,	
  apply	
  and	
  re-­‐
examine	
  data...

Abstract:	
  	
  most	
  of	
  the	
  work	
  is	
  done	
  in	
  visibility	
  space	
  (but	
  you	
  know	
  when	
  things	
  
have	
  worked	
  out	
  ok	
  when	
  you	
  can	
  produce	
  good	
  images	
  of	
  the	
  calibrators)

The	
  best	
  way	
  to	
  learn	
  is	
  to	
  do	
  it:	
  	
  ALMA	
  SV	
  data	
  and	
  CASA	
  tutorials!



• You	
  can	
  reduce	
  the	
  data	
  on	
  your	
  own	
  laptop	
  for	
  this	
  small	
  
dataset	
  or	
  work	
  on	
  the	
  “class”	
  machine
– ssh	
  -­‐C	
  -­‐X	
  -­‐c	
  blowfish	
  	
  classmachine.ifa.hawaii.edu

– cd	
  /data/jpw1/<yourname>

– copy	
  over	
  data	
  from	
  /data/jpw1/jpw/ScienceVerifica'on/NGC3256

– use	
  “screen”	
  command	
  for	
  detachable	
  windows

• Work	
  through	
  CASAguide
– hCp://casaguides.nrao.edu/index.php?

'tle=NGC3256_Band3_Calibra'on_for_CASA_4.0

– calibrate.py	
  	
  	
  (emailed	
  to	
  you)

– imagecal.py,	
  imagesrc.py	
  	
  	
  (to	
  be	
  emailed	
  to	
  you)
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To	
  do	
  list



• This	
  is	
  a	
  preCy	
  messy	
  dataset	
  (from	
  very	
  early	
  days	
  of	
  the	
  
instrument)	
  and	
  needs	
  a	
  lot	
  of	
  finicky	
  work	
  to	
  flag	
  out	
  
instrumental	
  glitches.	
  	
  More	
  recent	
  data	
  is	
  much	
  nicer.

• Keep	
  in	
  mind	
  the	
  basic	
  ideas:
– deal	
  with	
  atmospheric	
  “seeing’	
  with	
  WVR

– the	
  'me	
  sequencing	
  of	
  the	
  track	
  (cal-­‐source-­‐cal-­‐source-­‐cal)

– bandpass	
  calibra'on	
  to	
  correct	
  for	
  frequency	
  dependent	
  systema'cs

– gain	
  calibra'on	
  to	
  correct	
  for	
  'me	
  dependencies

– phases	
  are	
  corrected	
  first	
  to	
  “line	
  up	
  the	
  vectors”	
  before	
  amplitude	
  
calibra'on

– flux	
  calibra'on	
  with	
  a	
  standard	
  source	
  to	
  set	
  the	
  absolute	
  scale

– ater	
  calibra'ons	
  are	
  applied,	
  the	
  calibrators	
  should	
  have	
  constant	
  
amplitude	
  and	
  zero	
  phase	
  as	
  a	
  func'on	
  of	
  both	
  'me	
  and	
  frequency	
  on	
  
all	
  baselines
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General	
  remarks
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Calibrated	
  A(t),	
  φ(t)	
  for	
  1037-­‐297,	
  colored	
  by	
  baseline,	
  for	
  ALMA	
  SV	
  data	
  NGC3256

When	
  you	
  know	
  you’re	
  done



• Nothing	
  like	
  seeing	
  an	
  image	
  ater	
  all	
  these	
  (A,φ)	
  plots...
– calibrators	
  should	
  be	
  unresolved	
  (point	
  sources)	
  at	
  the	
  origin

– peak	
  flux	
  =	
  total	
  flux	
  and	
  consistent	
  with	
  that	
  input	
  for	
  the	
  flux	
  calibrator,	
  
(and	
  that	
  expected	
  for	
  the	
  gain	
  calibrator)

– imagecal.py
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Final	
  test

Titan1037-­‐295


