


Paper	
  summary

• Question:	
  what	
  should	
  the	
  requirements	
  be	
  on	
  systematic	
  calibration	
  
errors?	
  (optical	
  gain,	
  DARM	
  pole,	
  etc.)
• Answer:	
  they	
  should	
  induce	
  negligible*	
  systematic	
  error	
  in	
  the	
  
astrophysical	
  parameter	
  estimation	
  (PE)	
  of	
  a	
  CBC	
  signal.	
  (masses,	
  distance,	
  
etc.)
• This	
  paper	
  uses	
  some	
  calculus	
  to	
  form	
  a	
  semi-­‐analytical	
  approach	
  to	
  
setting	
  calibration	
  requirements	
  for	
  a	
  signal	
  like	
  GW150914
• Similar	
  to	
  semi-­‐analytical	
  approaches	
  of	
  Cutler	
  and	
  Vallisneri for	
  systematic	
  
waveform	
  errors

*Quantified	
  later
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What	
  is	
  the	
  calibration	
  model?	
  [1/2]

DARM	
  open	
  loop	
  TF Sensing	
  function Actuation	
  function
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What	
  is	
  the	
  calibration	
  model?	
  [2/2]
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What	
  is	
  the	
  noise	
  model?	
  and	
  signal	
  model?

Using	
  IMRPhenomD with	
  spins	
  set	
  
to	
  zero

Masses	
  and	
  effective	
  distance	
  
similar	
  to	
  GW150914

We	
  also	
  consider	
  an	
  analysis	
  with	
  a	
  
massive	
  graviton
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CBC	
  parameter	
  estimation	
  in	
  one	
  slide

PE	
  basically*	
  boils	
  down	
  to	
  maximizing	
  the	
  following	
  log-­‐likelihood:

*	
  We	
  assume	
  flat	
  priors. 5



The	
  effect	
  of	
  calibration	
  systematics	
  on	
  PE

After	
  some	
  calculus,	
  we	
  arrive	
  at	
  the	
  following:

Systematic	
  
PE	
  error

Systematic	
  
calibration	
  
error 6



Results

• E.g.,	
  for	
  an	
  O1/O2	
  configuration,	
  and	
  a	
  massless	
  graviton:	
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“Negligible”	
  systematic	
  calibration	
  error?

• If	
  the	
  systematic	
  calibration	
  error	
  is	
  made	
  small	
  enough,	
  the	
  
astrophysical	
  parameter	
  estimate	
  will	
  instead	
  be	
  dominated	
  by	
  
systematic	
  error	
  from	
  detector	
  noise
• Given	
  a	
  few	
  assumptions	
  (Gaussian	
  noise,	
  loud	
  SNR),	
  the	
  distribution	
  
of	
  detector	
  noise	
  systematic	
  errors	
  can	
  be	
  computed	
  from	
  the	
  Fisher	
  
matrix	
  of	
  the	
  signal:

• Invert	
  the	
  Fisher	
  matrix	
  to	
  get	
  a	
  bound	
  on	
  the	
  covariance	
  matrix:
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Sensing	
  function



Results

• E.g.,	
  for	
  an	
  O1/O2	
  configuration,	
  and	
  a	
  massless	
  graviton:	
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Calibration	
  results	
  summary
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Possible	
  future	
  work

• Network	
  of	
  multiple	
  detectors
• Consideration	
  of	
  spin
• Numerical	
  analysis	
  using	
  actual	
  PE	
  codes
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