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The GW follow-up activity

LIGO/Virgo GCN
with GW alert

Fermi GCN with 
analysis results

Fermi GCN with 
GRB alert
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Automatic analysis pipelines

GWUP pipeline
using pipeline-II

link

Alternative pipeline
using BA tools

 link

http://glast-ground.slac.stanford.edu/Pipeline-II/exp/Fermi/task.jsp?task=222840684
http://glast-ground.slac.stanford.edu/LATBA/GWFollowup.jsp
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Analysis techniques

Reference paper (Vianello, Omodei, Chiang, Digel): 
https://arxiv.org/abs/1607.01793

Fixed Time 
Interval (FTI)

Adaptive Time 
Interval (ATI)

● Standard unbinned maximum likelihood technique used for 
LAT data analysis and based on Poisson statistic. 

● We include all sources (point-like and extended) from the 
latest LAT source catalog, as well as the Galactic and 
isotropic diffuse templates.

LAT Low 
Energy events

https://arxiv.org/abs/1607.01793
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Fixed Time Interval

● Compute the cumulative coverage:

● Choose the time window and select all pixels within the 90% 
containment of the LIGO localization maps

● Run an independent likelihood analysis for each pixel, testing 
for the presence of a new source at the center of the pixel

● In case of non-detection, compute also a global Bayesian 
upper bound for the flux. 
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Cumulative coverage
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FTI TS map
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FTI UL map
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Adaptive Time Interval

● Maximize the time window for each point in the sky separately 
in order to get the largest possible exposure close to the trigger 
time:

• For each pixel the time interval starts when the center of the 
ROI becomes observable by the LAT and ends when is no 
longer observable

● Run an independent likelihood analysis for each pixel as before

● In case of non-detection, compute a flux upper bound for each 
pixel separately.
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ATI TS map
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ATI UL map
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ATI LC map
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Low Energy Events

● Extract LLE data (E < 100 MeV) around the time of the trigger 
for each pixel of the map (downgraded to NSIDE=32) producing 
light curve and estimating the significance.
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LIGO/Virgo schedule for O3
Updated schedule

https://www.ligo.org/scientists/GWEMalerts.php
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Open public alerts

LVC will release public alerts for all event candidates considered to 
be likely real:

● For compact binary coalescences (CBC) the goal is an overall 
90% of astrophysical purity 

→ False alarm rate (FAR) of ~ 1/month–1/year

● For unmodeled burst sources → FAR of ~ 1/10–1/100 years

● Sub-threshold events can be promoted if associated with a 
multi-messenger signal.

LVC will consider science-driven MOUs for exchanging additional 
information (for instance low confidence triggers) only if there is a 
specific science goal which requires it.
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Open public alerts

● Automated preliminary alerts, prior to human vetting, will be 
released as GCN notices with a latency of ~ 5 minutes 

→ they can be retracted after human inspection

● These basically contain the information provided for private 
alerts in O2: significance, time, GW signal classification, 3D sky 
position and distance.

● GCN circulars, human readable, will follow in few hours with 
data quality assessment and updates on the GW candidate.
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Expected rates in O3

Depending on the reached sensitivities, the general picture for 3-
detectors events is (link):

● BBH: at least few per month, up to few per week

● BNS: possibly up to one per month

● NSBH: still uncertain, maybe one or more during O3

● In addition, 2-detectors events (or 1-detector plus a validated 
counterpart) are also possible.

● Notable individual events will be published individually by LVC, 
including at least the next few BNS

● “Routine” events will be publish periodically in catalog papers.

https://link.springer.com/article/10.1007/s41114-018-0012-9
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SPARE SLIDES
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Resources

● Confluence page: link
● Job status page: link
● Output folder (under GRB space): link
● Alternative automatic pipeline using BA tools (Dan 

Kocevski): link

https://confluence.slac.stanford.edu/pages/viewpage.action?spaceKey=SCIGRPS&title=Pipeline+for+Gravitation+Wave+followup
http://glast-ground.slac.stanford.edu/Pipeline-II/exp/Fermi/task.jsp?task=222840684
http://glast-ground.slac.stanford.edu/Decorator/exp/Fermi/Decorate/groups/grb/GWPIPELINE/output/
http://glast-ground.slac.stanford.edu/LATBA/GWFollowup.jsp
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GWFUP pipeline overview
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Data preparation
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Likelihood analysis
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Finalization
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Report page (GW277583)

Web page directly available to all the 
Fermi-LAT Collaboration members
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GW170104 (268556)

Paper just submitted to ApJ
https://arxiv.org/abs/1706.00199

https://arxiv.org/abs/1706.00199
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Exposure
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Pipeline II 

Main advantages:
● High priority jobs
● Roll-back feature
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Performance
● Order of 2000 jobs submitted per event candidate

– About 5-6000 in the worst case scenario

● Fixed time interval:
– Average time: ~ 18 min/job

– Longest job: ~ 2 hrs

– Total time: ~ 4 hrs

● Adaptive time interval:
– Average time: ~ 8 min/job

– Longest job: ~ 2 hrs

– Total time: ~ 3 hrs

● The pipeline is now fully up and running! 
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Performance plots (FTI)
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Performance plots (ATI)
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