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S6 
(published 2015)

GW150914 
(published 2016)

GWTC-1 
(published 2018)

O4 online 
(as of now)

GWTC-3 
(published 2020)

● “MLA Statistical Inference of  Glitches” (Biswas+)

● “MLA Statistical Inference of  Glitches” (Biswas+)

● Gravity Spy: Glitch Classification (Zevin+)

● NonSens: Noise Subtraction (G. Vajente+) 
● iDQ: Statistical Inference of  Glitches (Essick+)
● Gravity Spy: Identifying New Glitch Classes (Soni+) 
● Gravity Spy: Glitch Classification (Zevin+)
● HasNS/HasRemnant: A Machine Learning Based Source Property Inference (Chatterji+) 

● GSpyNetTree: A signal-vs-glitch spectrogram classifier (Alvarez-Lopez+)
● GWSkyNet: A signal-vs-glitch skymap classifier (Cabero+) 
● cWB-XGBoost: coherent WaveBurst Search enhanced with machine learning (Michra+)
● MLy: Unmodelled GW transient search with CNNs (Skliris+) 

Tim
eline of M

achine Learning references in LVK papers
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What is Detector Characterization?
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Gravitational-wave detectors: Expectation

5LSC & VC 2016



Gravitational-wave detectors: Reality

6LHO alog May 2025



Gravitational-wave signals: Expectation

7LSC & VC 2016



Gravitational-wave signals: Reality

8Davis & Walker 2022



Glitches present in data
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Instrumental artifacts are present 
in the data, including a large 
number of short duration noise 
transients we call glitches

Davis+ 2021



Lots of them in fact!
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Much higher in the most recent observing 
run than in the past

But O4 looks to be a bit better than O3! 

LSC & VC 2019



Lines present in the data 
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Something present in the data
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Estimated noise is 
lower than the 
measured noise



Doing this correctly is vital for our science
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Or just 
glitches?



What makes this a good fit for machine 
learning?
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Large, complicated dataset

15Nguyen+ 2021



Many problems that are difficult to address analytically

16Udall & Davis 2023

Scattering 
model

Simulation 
test Real-life test



Lots of variety

17Glanzer+ 2023

Scattered light 
glitches have 

changed a lot over 
the years!

O4

O3

O2



Lots of manual intervention

18Aleman & Davis



The flip side of these benefits
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Large, complicated 
dataset

Lots of manual 
intervention

Lots of variety

Few analytic 
Solutions

Many problems we donʼt have enough data to solve, 
thereʼs a finite number of sensors

Wide variety of best practices have been developed 
that are qualitative and hard to emulate

Problem is constantly changing, solutions need to be 
targeted but also generic

It is very challenging to develop simulated datasets 
for testing or performance evaluations



What is around?
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I am here this week!

Note this is far 
from an 

exhaustive list



Classifying 
Glitches
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Gravity Spy 
Zevin+ 2016

GspyNetTree
Alvarez-Lopez+ 2023

See also:
● Soni+ 2021
● George+ 2021
● Fernandes+ 2023
● Razzano+ 2023
● Chatterji+ 2024

https://arxiv.org/abs/2103.12104
https://arxiv.org/abs/1711.07468
https://arxiv.org/abs/2303.13917
https://arxiv.org/abs/2301.05112
https://arxiv.org/abs/2412.20789


Identifying 
Noise Sources
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LASSO
Walker+ 2018

iDQ
Essick+ 2020

See also:
● Colgan+ 2019
● Gurav+ 2024

https://arxiv.org/abs/1911.11831
https://arxiv.org/abs/2412.09832


Subtracting 
Noise

23

NonSens
Vajente+ 2019

DeepClean
Saleem+ 2023

See also:
● Ormistan+ 2020
● Yu+ 2021
● Reissel+ 2025

https://arxiv.org/abs/2005.06534
https://arxiv.org/abs/2111.03295
https://arxiv.org/abs/2501.04883


Simulating 
Glitches
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Gengli
Lopez+ 2022

DeepExtractor
Dooney+ 2025

See also:
● Chatterji+ 

2024
● Powell+ 2022

https://arxiv.org/abs/2412.17185
https://arxiv.org/abs/2412.17185
https://arxiv.org/abs/2207.00207


Improving 
Interferometer
Perfromance
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Non-linear 
Controls
Ma+ 202

Squeezing 
Predictions

Whittle+ 2023

See also:
● Goode+ 2024
● Gurav+ 2024
● Krenn+ 2023

https://arxiv.org/abs/2411.16104
https://arxiv.org/abs/2412.09832
https://arxiv.org/abs/2312.04258


Where to go next?
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How do we adapt even more sensitive detectors? 

27CE Horizon Study

Future observatories will 
be orders of magnitude 

more sensitive!

How do we deal with the 
practical realities of 

operating detectors and 
analyzing the data?



Example: Will glitches be a problem in the future? 

28Capote, Dartez, Davis 2024

Unless we reduce the 
rate of glitches, 

100% of BNS signals will 
overlap glitches!

Can we develop robust 
methods for dealing 

with these problems?



Suggestions for new Detchar-ians

● Thereʼs lots of room for more growth in this field! Please come join us

● These types of problems will only grow in importance as 
gravitational-wave astronomy becomes more precise

● Understanding the field is an important part of making a significant 
contribution - hands on experience is best

● Thereʼs no “silver bullet” to many of these problems, but making some 
progress is often enough to be helpful 
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This material is based upon work supported by NSF's LIGO Laboratory which is a major facility fully funded by the 
National Science Foundation.


