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•  Why	
  is	
  a	
  good	
  observing	
  strategy	
  
important?	
  

•  Things	
  to	
  think	
  about 	
  	
  
•  What,	
  when,	
  for	
  how	
  long,	
  frequency,	
  array,	
  

overheads,	
  CABB	
  mode?	
  

•  Observing	
  
•  The	
  simple	
  cm	
  case	
  
•  Slightly	
  less	
  simple	
  cases	
  
•  The	
  mm	
  case	
  
•  Spectral	
  lines	
  

Outline	
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The	
  importance	
  of	
  a	
  good	
  strategy	
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•  Good telescopes are generally oversubscribed 
•  ATCA usually by 2 – 3 times 
•  Need to have a good plan to get good data that meets your science 

goals 
•  Starts taking shape at the proposal stage  
•  Make sure you are familiar with the current status of the instrument 



Things	
  to	
  thing	
  about	
  –	
  1)	
  What?	
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•  Strategy	
  dependent	
  on	
  science/
object!	
  

•  Complicated	
  extended	
  structure?	
  à	
  
might	
  need	
  mulLple	
  array	
  configs	
  and	
  
single	
  dish	
  data	
  

•  Point	
  source?	
  à	
  a	
  handful	
  of	
  short	
  cuts	
  
over	
  several	
  hours	
  might	
  be	
  enough	
  

•  Know	
  where	
  your	
  object	
  is	
  and	
  just	
  need	
  
a	
  flux	
  measurement	
  or	
  spectrum?	
  à	
  1	
  
short	
  observaLon	
  might	
  be	
  enough	
  

•  Shadowing?	
  
•  Confusion?	
  
•  LocaLon?	
  
•  Mosaic?	
  (primary	
  beam	
  λ/D)	
  
•  ConLnuum	
  and/or	
  spectral	
  line?	
  

Kim et al. 

Voronkov et al. 2006 

Cornwell & Feain 



§  Variable	
  source?	
  	
  
§  observe	
  when	
  it	
  is	
  expected	
  to	
  be	
  bright	
  
§  Or	
  track	
  the	
  flux	
  with	
  observaLons	
  spread	
  

over	
  mulLple	
  epochs	
  

§  Weather?	
  
§  Atmosphere	
  generally	
  more	
  stable	
  at	
  night	
  

à	
  beUer	
  mm	
  observing	
  
§  Generally	
  less	
  interference	
  at	
  night	
  at	
  the	
  

lower	
  frequencies	
  too	
  (man	
  made	
  and	
  
solar)	
  

§  Thunderstorms	
  during	
  aXernoon	
  in	
  summer	
  

Things	
  to	
  thing	
  about	
  –	
  2)	
  When?	
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Felli et al. 2007 



•  Mostly	
  dictated	
  by	
  required	
  
sensiLvity	
  

•  EffecLve	
  BW	
  and	
  spectral	
  resoluLon	
  

•  UV	
  coverage	
  (e.g.	
  bright	
  spectral	
  
lines)	
  

•  Short	
  integraLons	
  across	
  a	
  range	
  of	
  
hour	
  angles	
  increases	
  overheads	
  

Things	
  to	
  think	
  about	
  –	
  3)	
  For	
  how	
  long?	
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http://www.narrabri.atnf.csiro.au/myatca/sensitivity_calculator_advanced.html 
 



•  Usually	
  driven	
  by	
  science	
  
•  Remember	
  to	
  consider	
  how	
  the	
  telescope	
  performs	
  at	
  different	
  frequencies	
  
•  Spread	
  the	
  2	
  Ifs	
  as	
  far	
  apart	
  as	
  possible,	
  or	
  conLnuous	
  coverage?	
  

•  Take	
  the	
  receiver	
  limitaLons	
  into	
  consideraLon	
  (e.g.	
  the	
  13cm	
  
receiver	
  works	
  between	
  1.1	
  and	
  3.1	
  GHz)	
  

Things	
  to	
  think	
  about	
  –	
  4)	
  Frequency?	
  

Observing	
  Strategies	
  |	
  CASS	
  Radio	
  School	
  2012	
  |	
  Shari	
  Breen	
  



•  Dictated	
  by: 	
  	
  
•  	
  the	
  resoluLon	
  required	
  	
  
•  uv-­‐coverage	
  requirements	
  

(specific	
  arrays	
  work	
  well	
  
together	
  –	
  6A,	
  6C,	
  1.5B,	
  1.5D)	
  

•  What’s	
  offered	
  	
  

Things	
  to	
  think	
  about	
  –	
  5)	
  Array?	
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•  Primary	
  (flux)	
  calibraLon	
  	
  
•  1934-­‐638	
  (or	
  Uranus/Mars	
  at	
  mm)	
  

•  	
  Bandpass	
  calibraLon	
  	
  
•  1934-­‐638	
  strong	
  enough	
  at	
  most	
  cm	
  wavelengths	
  
•  1253-­‐055	
  or	
  1921-­‐293	
  oXen	
  used	
  at	
  higher	
  frequencies	
  	
  

•  Phase	
  calibraLon	
  (~2min	
  every	
  40min)	
  
•  Unresolved,	
  strongish	
  source	
  within	
  about	
  10	
  degrees	
  of	
  target	
  

•  PoinLng	
  calibraLon	
  
•  Carried	
  out	
  every	
  hour	
  at	
  all	
  mm	
  frequencies	
  on	
  a	
  source	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

within	
  ~20	
  degrees	
  of	
  target	
  

•  Other	
  overheads	
  
•  Set	
  up,	
  slewing,…..	
  

Things	
  to	
  think	
  about	
  –	
  6)	
  CalibraUon	
  and	
  
other	
  overheads?	
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•  Two	
  x	
  2	
  GHz	
  wide	
  IFs	
  (2048	
  x	
  1	
  MHz	
  channels)	
  
•  Where	
  you	
  can	
  put	
  them	
  depends	
  on	
  the	
  frequency	
  

Things	
  to	
  think	
  about	
  –	
  7)	
  CABB	
  mode?	
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•  OpLonal	
  zoom	
  windows	
  (currently	
  32	
  x	
  1	
  MHz	
  zooms	
  or	
  64	
  MHz	
  
zooms	
  each	
  with	
  2048	
  channels)	
  

•  Concatenate	
  zoom	
  windows	
  for	
  more	
  velocity	
  coverage	
  

Things	
  to	
  think	
  about	
  –	
  7)	
  CABB	
  mode?	
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Schedule	
  files	
  hXps://www.narrabri.atnf.csiro.au/observing/sched/cabb/	
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•  If	
  you	
  are	
  prepared	
  the	
  actual	
  observing	
  is	
  not	
  hard	
  
•  A	
  simple	
  cm	
  conLnuum	
  observaLon	
  of	
  a	
  single	
  source	
  may	
  go	
  

something	
  like 	
  	
  
•  Observe	
  1934-­‐638	
  

•  Do	
  iniLal	
  array	
  calibraLon	
  (delays,	
  phases,	
  amplitudes;	
  dcal,	
  pcal,	
  acal)	
  
•  Close	
  junk	
  file	
  
•  Track	
  1934-­‐638	
  for	
  primary	
  and	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

bandpass	
  calibraLon	
  (~10min)	
  
•  Go	
  to	
  target	
  schedule	
  which	
  contains	
  

•  Phase	
  calibrator	
  (~2min)	
  
•  Target	
  (~20min)	
  
•  Loop	
  through	
  target	
  schedule	
  unLl	
  the	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

end	
  	
  (start	
  1/99)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Observing	
  –	
  the	
  simple	
  cm	
  case	
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CalibraUng	
  the	
  array	
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dcal 

pcal 

acal 



•  Lower	
  frequencies	
  (~2.1	
  GHz)	
  
•  Second	
  IF	
  is	
  redundant	
  	
  
•  Lots	
  of	
  interference	
  à	
  need	
  to	
  choose	
  channel	
  

range	
  for	
  calibraLon	
  carefully	
  (set	
  “tvchan”)	
  
•  More	
  chance	
  of	
  confusion	
  	
  
	
  

•  Higher	
  frequencies	
  	
  
•  1934-­‐638	
  gets	
  too	
  weak	
  for	
  setup	
  and	
  bandpass	
  

à	
  use	
  a	
  stronger	
  source	
  (e.g.	
  0537-­‐441,	
  
1253-­‐055,	
  1921-­‐293)	
  

•  Observe	
  1934-­‐638	
  for	
  primary	
  calibraLon	
  
	
  

The	
  less	
  simple	
  cases	
  

Observing	
  Strategies	
  |	
  CASS	
  Radio	
  School	
  2012	
  |	
  Shari	
  Breen	
  



•  Everything	
  becomes	
  more	
  difficult	
  at	
  mm	
  
frequencies	
  

•  Atmospheric	
  opacity	
  increases	
  Tsys	
  and	
  aUenuates	
  
signal	
  

•  Not	
  as	
  many	
  bright	
  calibrator	
  sources	
  
•  Instrument	
  stability	
  is	
  more	
  difficult	
  to	
  maintain	
  
•  Antenna	
  accuracy	
  is	
  less	
  
•  The	
  FOV	
  is	
  smaller	
  

•  To	
  overcome	
  some	
  of	
  these	
  difficulLes	
  we	
  usually	
  
only	
  observe	
  during	
  the	
  winter	
  months	
  (60-­‐65	
  %	
  
chance	
  of	
  suitable	
  3mm	
  weather)	
  or	
  during	
  the	
  
night	
  (esp	
  at	
  12	
  or	
  7mm).	
  

MM	
  observing	
  –	
  the	
  least	
  simple	
  case	
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•  Observe	
  a	
  strong	
  caibrator	
  (e.g.	
  0537-­‐441,	
  1253-­‐055	
  or	
  
1921-­‐295)	
  

•  Calibrate	
  delays	
  (dcal)	
  
•  Do	
  a	
  poinLng	
  (can	
  choose	
  specs)	
  
•  Calibrate	
  phase	
  (pcal)	
  
•  Calibrate	
  amplitudes	
  (acal	
  or	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

paddle	
  at	
  3mm)	
  

•  Observe	
  either	
  1934-­‐638	
  (at	
  12	
  or	
  7mm)	
  or	
  a	
  planet	
  (at	
  3mm)	
  for	
  
primary	
  calibraLon	
  

•  PoinLng	
  first	
  (1934-­‐638	
  or	
  source	
  nearby	
  planet)	
  	
  

•  Target	
  observaLons	
  	
  
•  Include	
  a	
  poinLng	
  once	
  an	
  hour	
  (ideally	
  on	
  a	
  strong	
  source	
  within	
  ~20	
  

degrees)	
  

Observing	
  at	
  mm	
  frequencies	
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•  Measure	
  Tsys	
  and	
  correct	
  for	
  the	
  atmosphere	
  at	
  3mm	
  
•  Place	
  an	
  ambient	
  load	
  in	
  front	
  of	
  receiver	
  horn	
  for	
  

30	
  sec	
  
•  Gives	
  Tsys	
  corrected	
  for	
  the	
  current	
  atmospheric	
  

condiLons	
  

•  Every	
  15-­‐20min	
  	
  

•  Before	
  primary	
  and	
  bandpass	
  calibrators	
  	
  

Paddle	
  scans	
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•  Require	
  use	
  of	
  zoom	
  modes	
  for	
  higher	
  spectral	
  resoluLon	
  
•  Which	
  mode	
  depends	
  on	
  what	
  velocity	
  resoluLon/coverage	
  required	
  	
  

•  Need	
  to	
  calculate	
  sky	
  frequencies	
  	
  	
  
•  All	
  done	
  by	
  the	
  CABB	
  scheduler	
  

Spectral	
  line	
  observaUons	
  

Observing	
  Strategies	
  |	
  CASS	
  Radio	
  School	
  2012	
  |	
  Shari	
  Breen	
  



How	
  do	
  we	
  measure	
  tsys	
  and	
  
correct	
  for	
  the	
  atmosphere	
  at	
  
3mm?	
  



If	
  you	
  forget	
  to	
  calibrate	
  the	
  
phases	
  during	
  your	
  setup	
  (pcal)	
  
are	
  your	
  observaUons	
  ruined?	
  



What	
  are	
  the	
  two	
  main	
  ways	
  the	
  
atmosphere	
  makes	
  it	
  difficult	
  to	
  
detect	
  signals	
  at	
  mm	
  
wavelengths?	
  



Why	
  do	
  we	
  usually	
  use	
  a	
  short	
  
array	
  to	
  observe	
  extended	
  
emission?	
  



What	
  is	
  shadowing	
  and	
  when	
  is	
  it	
  
a	
  problem?	
  



At	
  what	
  frequency	
  are	
  poinUng	
  
observaUons	
  required?	
  



How	
  far	
  from	
  your	
  target	
  source	
  
should	
  your	
  phase	
  calibrator	
  be?	
  



In	
  what	
  band	
  does	
  interference	
  
cause	
  the	
  biggest	
  problem?	
  



What	
  do	
  you	
  think	
  the	
  most	
  
important	
  things	
  to	
  consider	
  when	
  
formulaUng	
  your	
  observing	
  
strategy	
  are?	
  



•  Have	
  a	
  plan	
  and	
  make	
  sure	
  it	
  is	
  a	
  good	
  one!	
  	
  
•  Different	
  science	
  goals	
  require	
  different	
  strategies	
  so	
  think	
  

carefully	
  about	
  what	
  is	
  required	
  

•  See	
  ATCA	
  webpage	
  for	
  further	
  informaLon:	
  hUp://
www.narrabri.atnf.csiro.au/observing/	
  

Summary	
  and	
  further	
  informaUon	
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Thank	
  you	
  
Astronomy	
  and	
  Space	
  Science	
  
Shari	
  Breen	
  |	
  Bolton	
  Fellow	
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e 	
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