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Introduction
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● LVK releases low latency alerts
○ Motivation: search for counterparts
○ CBC searches: GstLAL, MBTA, PyCBC, SPIIR, cWB
○ Burst searches: cWB

● O4 “significant” candidates: 149 (after 17 retracted)
○ 2500+ “low-significance”
○ O3 “significant” candidates: 56 (after 24 retracted)

➜ Follow-ups are guided by the source information provided at low latency
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FAR < 2 / days
Machine readable only

FAR < 1 / 6 months (CBC)
FAR < 1 / 3 years (burst)
Human readable

FAR < 1 / 4 months

Credit: Thomas SainratUpdated on October 10, 2024

Alert sending process
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https://emfollow.docs.ligo.org/userguide/


Alert content, focus on CBC
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● Human readable circular
● Same information as in preliminaries

○ Name
○ Instruments involved
○ Search pipelines involved

■ Parameters from highest SNR
○ Significance: FAR, pAstro 
○ Source classification: pBNS
○ Source properties: “Has…”
○ Sky localization
○ …

● Add. human assessment

S240917cb circular
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https://gcn.nasa.gov/circulars/37534?query=S240917cb&startDate=&endDate=&sort=circularID
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MBTA, Aug 13 - 24, 2017

Credit: Aubin et al.

Candidat significance
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● Pipelines rank their triggers 
○ SNR and signal consistency checks

● Candidates are associated with the FAR value
○ Expected rate of “noise” triggers at least as significant

● Significance is also assessed based on pAstro
○ Probability that the candidate is of astrophysical origin
○ Based on explicit astrophysical priors
○ pterrestrial = 1 - pastro
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https://iopscience.iop.org/article/10.1088/1361-6382/abe913


Credit: LVK Alert User Guide

Source classification

6

● Poor measurement of m1 and m2
● pAstro is distributed between three sources

○ Based on individual masses

● Refined within hours - days on updated notices
○ Integrated Parameter Estimation (PE) posteriors

● Computed on low latency by search pipelines
○ Multiple methods, like:

■ Fraction of parameter space for each source
■ Projected CBC populations on pipeline output

Credit: Abbott et al.
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https://emfollow.docs.ligo.org/userguide/
https://doi.org/10.1103/PhysRevX.13.041039


HasNS

Credit: Chatterjee et al.

S230627c

Source properties
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● Refined within hours - days on updated notices
○ Integrated PE posteriors

● HasNS
○ A compact object consistent with a neutron star
○ Marginalized over several equations of state

● HasRemnant
○ Non-zero amount of neutron star material remained
○ Use one model (Foucart)

● HasMassGap
○ Mass of a compact object between 3 M

⊙
 and 5 M

⊙

● Probabilities computed on low latency
○ Machine Learning, trained on simulated signals 
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https://iopscience.iop.org/article/10.3847/1538-4357/ab8dbe
https://gracedb.ligo.org/superevents/S230627c/view/
https://doi.org/10.1103/PhysRevD.86.124007


Possible upgrades on classification and properties

8

● Release Sub-Solar Masses (SSM) candidats in low latency
○ Challenge: BNS/NSBH - SSM degeneracy 
○ Need to provide source information 

● Provide more source information in low latency
○ Chirp masses estimate may be useful to astronomers

● Speed-up source parameter estimation
○ Searches produce point-estimates
○ RapidPE-Rift provides posterior samples within few minutes
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90% CI

Leveraging search results for low latency PE
The MBTA way, method (in development) in a nutshell
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● MBTA filters data with several simulated waveforms “templates”
○ Multiple triggers associated to each candidate
○ Only the most significant is sent out

● The trigger collection provides clues about the true signal parameters
● Method

○ Generate samples according priors
○ Quantify the probability that each sample could produce the MBTA triggers

★ Injected parameters
★ MBTA point estimate
★ Max. of MBTA posterior

PRELIMINARY
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LVK Alert User Guide

Leveraging search results for low latency PE
The MBTA way, preliminary results
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● Runtime ~ seconds
● Source properties can be obtained by integrating posteriors

PRELIMINARY
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Conclusion
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● The LVK collaboration releases low-latency alerts
○ Source classification and properties are included

● More alerts expected as detector sensitivity increases
○ Additional source information could be provided to facilitate follow-up

■ New developments underway
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