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O1	
  low-­‐latency	
  pipelines	
  configura5on	
  
	
  o  cWB:	
  Coherent	
  WaveBurst	
  

	
  un-­‐modeled	
  GW	
  bursts	
  

o  oLIB:	
  Omicron	
  +	
  LALInference	
  
	
  un-­‐modeled	
  GW	
  bursts	
  
	
  
o  GSTLAL:	
  	
  Gstreamer	
  +	
  LAL	
  
Matched-­‐filter	
  for	
  compact	
  object	
  binary	
  

mergers	
  	
  
	
  
o  MBTA:	
  Mul5-­‐Band	
  Template	
  Analysis	
  
Matched-­‐filter	
  for	
  compact	
  object	
  binary	
  

mergers	
  	
  
	
  
	
  

Low-­‐	
  latency	
  

pipelines	
  

cWB	
  

oLIB	
  

GSTLAL	
  	
  

MBTA	
  

All	
  four	
  detec5on	
  pipelines	
  report	
  candidates	
  within	
  a	
  few	
  minutes	
  of	
  data	
  acquisi5on.	
  
	
  
They	
  con5nually	
  search	
  for	
  transients	
  that	
  are	
  coincident	
  in	
  the	
  two	
  detector	
  within	
  10	
  ms.	
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Sky	
  Maps	
  

•  IniMally	
  shared	
  
•  Area	
  	
  =	
  310	
  deg2	
  (90%	
  conf.)	
  cWB	
  

•  IniMally	
  shared	
  
•  Area	
  	
  =	
  750	
  deg2	
  (90%	
  conf.)	
  LIB	
  

•  2016	
  Jan.	
  13	
  
•  Area	
  	
  =	
  400	
  deg2	
  (90%	
  conf.)	
  BAYESTAR	
  

•  2016	
  Jan.	
  13	
  
•  Area	
  	
  =	
  	
  590	
  deg2	
  (90%	
  conf.)	
  LALInference	
  

The	
  probability	
  skymap	
  are	
  disseminated	
  using	
  a	
  sequence	
  of	
  
algorithms	
  with	
  increasing	
  accuracy	
  and	
  computa5onal	
  cost	
  

minimal	
  assump5ons	
  of	
  	
  
waveform	
  morphology	
  

Bayesian	
  inference	
  assuming	
  
sinusoidally	
  modulated	
  	
  

Gaussian	
  signal	
  	
  

triangula5ng	
  5mes,	
  amplitudes	
  
	
  and	
  phases	
  

CBC	
  waveform,	
  BH	
  spin	
  	
  and	
  
detector	
  calibra5on	
  uncertain5es	
  



LVC	
  GCN	
  no5ces	
  
	
  

Preliminary	
  
[3	
  –	
  5	
  min]	
  

Ini5al	
  
Ini$al	
  sky	
  loc	
  
[5	
  –	
  10	
  min]	
  

Update	
  
[Hours/days]	
  

Updated	
  sky	
  loc	
  
	
  

GW	
  Alerts	
  and	
  Elapsed	
  5me	
  

LVC GCN notices do not contain a position (RA, Dec, error radius) instead they 
point to an URL to a FITS file containing a probability sky map in the 
HEALPix all-sky projection 

Human Event 
validation [20	
  –	
  30	
  min]	
  	
  	
  	
  	
  	
  	
  	
  	
  ?	
  

Retrac5on
	
  at	
  any	
  sta

ge	
  



How to get started with LIGO/Virgo alerts 

•  Code,	
  tutorials	
  and	
  more	
  	
  
to	
  use	
  LVC	
  GCN,	
  FITS	
  and	
  
HEALPIx	
  at	
  hSps://gw-­‐
astronomy.org/wiki/LV_EM/
TechInfo	
  

•  Tools:	
  Astropy,	
  Healpy,	
  
PyGCN,	
  GWsky	
  and	
  MOC	
  

Singer+	
  2014	
  (arXiv:1404.5623)	
  
Berry+	
  2015	
  (arXiv:1411.6934)	
  
Essick+	
  2015	
  (arXiv:1409.2435)	
  
LVC+	
  2016	
  (arXiv:1304.0670)	
  



	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

•  GW sky localizations: wide regions of the sky (tens to 
hundreds of sq. degrees) 

 

•  Difficult shape, annulus, may be split into patches 
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  
	
  
	
  

How to point the wide-FoV telescopes? 

Examples of BAYESTAR localizations of GW detection using only 
the two LIGO detectors 	
   Singer	
  et	
  al	
  2014,	
  ApJ,	
  795	
  

	
  Singer	
  &	
  Price	
  2016,	
  Phys.	
  Rev.	
  D,	
  93	
  



GWsky:	
  5ling	
  the	
  skymap	
  in	
  FoV	
  
	
  	
  	
  	
  	
  	
  GWsky is an interactive Python script to generate a 

sequence of pointings given a specific Field of View 
	
  

	
   Cardinal	
  and	
  
Intercardinal	
  
direc]on	
  

Integrated	
  
probability	
  inside	
  

each	
  FoV	
  

airmass	
  in	
  step	
  of	
  
hour	
  for	
  each	
  FoV	
  

FoV	
  query	
  to	
  
catalogs	
  

USER	
  OPTION:	
  the	
  FoVs	
  can	
  be	
  overlaid	
  or	
  separated	
  from	
  their	
  default	
  posi]ons	
  



GWsky	
  Command	
  Line	
  

C	
  runs	
  	
  a	
  new	
  sequence	
  changing	
  the	
  FoV	
  center	
  	
  	
  

I	
  runs	
  a	
  new	
  sequence	
  without	
  drawing	
  the	
  input	
  
FoV	
  

L	
  runs	
  	
  a	
  new	
  sequence	
  star]ng	
  from	
  the	
  last	
  
drawn	
  FoV	
  

R	
  repeats	
  the	
  last	
  ac]on	
  

Q	
  quit	
  	
  

Aladin	
  

SAMP	
  

Python	
  

Web-­‐interface	
  under	
  development	
  by	
  the	
  	
  
Urbino	
  University	
  InformaMc	
  students	
  



Descrip]ve	
  sta]s]c	
  is	
  ploSed	
  for	
  each	
  FoV	
  
This	
  can	
  be	
  useful	
  to	
  determine	
  the	
  integraMon	
  Mme	
  of	
  each	
  image	
  	
  

or	
  to	
  avoid	
  bright	
  galaxies	
  or	
  stars	
  
	
  

FoV	
  query	
  to	
  catalog:	
  an	
  example	
  





In	
  Progress	
  

Weight	
  the	
  poin]ngs	
  using	
  galaxy	
  priors,	
  reference	
  
images,	
  GW	
  candidate	
  distance	
  

Mul]-­‐order	
  Coverage	
  (MOC)	
  map	
  for	
  rapid	
  skymap	
  
counts,	
  to	
  compare	
  different	
  skymaps	
  and	
  to	
  rapidly	
  

filter	
  galaxy	
  and	
  transients	
  catalogs.	
  

	
  Manage	
  3D	
  skymap	
  (volume	
  probability	
  distribu]on)	
  
Singer	
  et	
  al.	
  2016	
  arXiv:1603.07333	
  

Expected	
  magnitude	
  for	
  the	
  different	
  models	
  taking	
  
into	
  account	
  distance	
  and	
  ]me	
  delay	
  from	
  the	
  GW	
  ]me	
  

Galaxy	
  priors	
  to	
  iden]fy	
  the	
  likely	
  host	
  galaxies	
  



Ø  The	
  current	
  MoUs	
  will	
  end	
  in	
  June	
  2017	
  

Ø Open	
  release	
  of	
  high-­‐confidence	
  events	
  (FAR	
  <	
  1	
  per	
  100	
  yr):	
  aier	
  4	
  
published	
  GW	
  significant	
  events,	
  O3	
  open	
  release?	
  

Ø  Current	
  FAR	
  threshold	
  to	
  send	
  alert:	
  FAR	
  <	
  1/month	
  
	
  	
  	
  	
  	
  	
  	
  	
  For	
  FAR	
  higher	
  than	
  1	
  per	
  100	
  yr	
  MoU	
  regime?	
  

Next	
  LIGO	
  and	
  Virgo	
  observa5ons	
  run	
  

Alert	
  contents:	
  

Ø  Distance	
  for	
  CBC	
  and	
  burst	
  (with	
  emiSed	
  	
  EGW	
  assump]on),	
  system-­‐type	
  flag,	
  
mass?	
  

Ø  3D	
  skymaps?	
  

Ø  Latency	
  for	
  ini]al	
  and	
  updates	
  


