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Modelled searches: matched filtering (MF) for CBC

What is matched filtering? ∗ →

Idea: unknown signals 
generate multiple triggers. 
Can we find patterns with 
Machine Learning?
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Transient noise burst (glitches)
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o Caused by instruments or environment

(known or unknown)

o Diminish scientific data available

o Hinder GW detection (mask and/or mimic)

Example of a blip glitch (left) and a intermediate-mass black hole (right) 
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A simulated GW through a detection pipeline
∆𝑡: time when trigger happened – time when GW signal was added to the noise
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A glitch through a detection pipeline
∆𝑡: time when trigger happened – time when glitch happened
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GW190521
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Motivation
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Context: intermediate-mass black holes (IMBH) are the missing link between stellar black holes and 
supermassive black holes, but they are hard to detect!

Idea: use triggers from matched filtering (free information) from 
detection algorithms to learn the background (glitches) and 

foreground (GW signals) with ML

o MF searches use strict conditions 
for detection.

o Can we relax the search with the 
interpolation ability of ML?
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Example of a blip glitch (left) and a IMBH (right) 
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Multi-class classification demo
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Task: Distinguish IMBH from different glitch classes in 

single detector → we have 3 detectors!

Algorithm: Multi-layer perceptron (MLP)

Input: Adding time is hard, so let’s simplify the 

problem. Each template is defined by 
𝑚1, 𝑚2, 𝑠1𝑧, 𝑠2𝑧, 𝜒

2, 𝑆𝑁𝑅. We weight average by SNR to 
get the feature vector

μ 𝑚1, 𝑚2, 𝑠1𝑧, 𝑠2𝑧, 𝜒
2, 𝑆𝑁𝑅

Output: class probability

Idea: MLP differentiates 6 classes: 5 different types of background (glitches) and 
single foreground (GW signals). It uses only 6 parameters in single detector

Melissa Lopez AIslands 2024

Demo data from PhysRevD.111.103020 - arXiv 2412.17169



About today’s tutorial
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PhysRevD.111.103020 - arXiv 2412.17169

Promotion time! gw_learn tutorials

Acess tutorial of today:

https://shorturl.at/vxMH4
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https://github.com/MelissaLP/gw_learn/tree/main
https://shorturl.at/vxMH4


Dealing with imbalanced data
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Injections

(GR GW)
…

Whistles

Whistles

Whistles

Whistles

Blips

1. Accounting for imbalanced data (boostrapping with 

replacement)

N=100

Shuffled data

Blips
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