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Together for Gravitational-wave Research
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• Promote GW research

• Propose communication 

means enjoyable by the 

vastest audience

• Make citizens active 

contributors

• Jointly develop knowledge 

and new techniques
Aerial view of the Virgo and the

European Gravitational-wave Observatory
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Recorded in the form of time series and stored in large 
computing centers. 

Discovering Gravitational-wave data

3

B. P. Abbott et al. (LIGO Scientific 

Collaboration and Virgo Collaboration)

Phys. Rev. Lett. 116, 061102
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Buried in the noise
The signal detection problem

Signal: the strain produced by an incoming gravitational wave

Noise: the effect, equivalent to a strain, produced by non-astrophysical sources
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PhysRevLett.120.141103

Detector output

Detector output representation

Detection problem:

The ability to extract the 

information about the 

astrophysical signal is 

limited by our knowledge 

about the noise.

Aerial view of Virgo
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https://doi.org/10.1103/PhysRevLett.120.141103


How to characterize detector noise?
The stationary part

We can characterize the stationary part of the noise with the curves below, representing the energy 

of the background noise at the various frequencies (spectrum).
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Reference sensitivity curves during O3b These curves also give the 

reference sensitivity of our 

detectors:

Simply speaking, we can 

detect all the signals lying 

above them.

They also

determine the

sensitivity 

range.

arxiv:2111.03606

GW150914
Did you know?

The normalized 

energy scale in 

the glitch images 

of GWitchHunters

is referred to these 

sensitivity curves.
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https://arxiv.org/abs/2111.03606


What about the rest of the noise?
Glitches come to play

Detector data contains noise transients, and in 

particular fast energy excesses called glitches.
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Glitch rates during O3b
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Example of a glitch

arxiv:2111.03606
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Impact of glitches on GW searches

• Inadequate signal detection statistic; reduced sensitivity
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Phys.Rev.D 98 (2018) 8, 084016

L1 data in the correspondence of GW170817

Compact binary 

coalescences

Core collapse 

supernovae, 

unmodelled bursts

Stochastic 

background
Pulsars,

continuous waves

• Parameter 
estimation 
gets biased, 
including sky 
localization

• Biased sky 
localization

• Real signal masked or 
mimicked; increased false 
alarm rate

• Less data usable for the 
analyses: longer data 
acquisition required
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.084016


Impact of glitches on the detector
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The working point of a detector is highly 

unstable; the apparatus must be controlled 

to keep it around “equilibrium position.”

Loud glitches can cause the control 

losses… 30 minutes to recover!!

Example of an extremely loud glitch 

Global control losses decrease the detector duty 

cycle and, in turn, the coincident time with the other 

detectors in the network.
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How glitches look like
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Glitches induced by environmental noise
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Glitch rate is larger during bad weather conditions: intense wind and sea 

activity. Many glitches correlated with ground motion.

Correlation of glitch rate and microseismic noise

arxiv:2203.04014
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https://arxiv.org/abs/2203.04014


Thousands of auxiliary sensors are used to monitor and control the status 
of the apparatus and its physical environment.

Unveiling a complex instrument

and its subsystems
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Investigate Detector Noise and 

Make Detectors More Sensitive
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Color-blindness 

accessibility

The combination of 

palette has been 

designed to ensure 

images can be inter-

preted accurately by 

everyone.

Resources: Color 

Oracle, Coblis

If we find a similar signature in the gravitational-wave strain channel 

(red) and in that of some auxiliary sensor (blue), this could be a hint of 

the possible origin of the glitch…
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https://colororacle.org/
https://www.color-blindness.com/coblis-color-blindness-simulator/


Physics

A Web Platform where Anyone can 

Contribute to GW Research

https://www.zooniverse.org/projects/reinforce/gwitchhunters,  or just
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https://www.zooniverse.org/projects/reinforce/gwitchhunters


• The Science of gravitational-wave detectors, 

including the highlights on the most recent 

upgrades and results 

What you will find
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• A community, where to meet and share

ideas with researchers and enthusiasts

• Entertainment, while learning and contributing 

to the research of gravitational waves
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What citizens will do: classification

○ Similar noise features are likely to share similar origin:
learn to recognize them;

○ Get familiar with the kind of data produced by GW
detectors and its noise features;

○ Distinguish transient noise from
transient astrophysical signals
(coalescence of compact binaries)

vs.
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○ Draw rectangles around noise features For each task

Tutorial, Help section, 

and Field Guide

What citizens will do: identify noise features
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○ Big picture on the detector functioning;

○ Find similarities in noise features and discover the origin of such 
disturbances;

○ Help researchers get rid of the noise and improve detector sensitivity.

What citizens will do: correlations

Auxiliary channels 

monitoring the 

detector and its 

environment
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Make Detector Data More Accessible 

with Images and Sounds
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Highlight relevant features of the data and make them understandable and enjoyable everyone.

Image representation of transient signals Signals as piano note progressions
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Engaging citizens

Many initiatives to promote 

the project

• Winter/Easter challenges

• Dedicated Workshops

• Events

• Course

• This School!
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GWitchHunters: The big picture

○ Glitch triggers

○ Noise features

GWitchHunters

(labeling and characterization)

Virgo

Glitch Database

Classes, aux channels

(i.e., Virgo detchar input)

Process & ML training
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Machine Learning processing

CNN for automatic classification

• First step of a multi-stage pipeline (including other tasks)

Checks and development on simulations

• Experience from previous works

• Deep, multi-layer structure

• Run on GPUs
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Razzano&Cuoco, 2018
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Machine Learning processing

2D vs 1D

• 2D good results, both on simulations and previously

labeled real data

• Convolutions robust for multi-glitch situations

• Image-building (little) time consuming, tried 1D CNN
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Razzano&Cuoco, 2018
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Talpini&Razzano, 2021



The road ahead

● GWitchHunters project on Zooniverse

○ Successfully launched: we keep monitoring the data inflow

○ New datasets included, more challenges to come

● Data Analysis

● We have started the first analysis using the data collected so far

● Development based on simulations

● Comparison CNN/human in progress

● Not only classifications, processing regression and localization

● Next steps

○ Add new glitch datasets & new auxiliary channels

○ Offer novel challenges for data exploration & noise hunting
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Scan one of the QR codes below to start

Website

Get ready for the hands-on session!
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