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A QUICK REMINDER ABOUT

GRAVITATIONAL WAVES..

https://www.youtube.com/watch?v=4GbWfNHtHRg

https://www.youtube.com/watch?v=4GbWfNHtHRg


VIRGO (http://www.virgo-gw.eu/ ), a giant laser 

interferometer designed to detect gravitational 

waves located in Italy

http://www.virgo-gw.eu/


LET’S FOLLOW AN ANALOGY

Imagine a gravitational wave detector as an “ear”



Your friend is humming a tune at some distance 

from your “ear”. The ear will listen to the tune. 

Your friend keeps his voice level the same. The farther he is, the weaker

the sound you hear. A more sensitive ear will be able to listen 

to your friend humming from a greater distance. 

Therefore: “more sensitive ears” → “can identify signals from larger distances”

Similarly, a gravitational wave 

detector’s sensitivity corresponds 

to how far in the universe it can 

reach and thus to its discovery 

potential!



WHAT AFFECTS A GRAVITATIONAL WAVE

DETECTOR’S SENSITIVITY? LET’S GO BACK TO OUR

ANALOGY WITH THE EAR..

Trying to detect gravitational waves is like trying 

to identify a song your friend is humming (signal) 

in a very noisy party (noise).



To detect gravitational waves even from the 

strongest events in the Universe, VIRGO needs to 

be able to know when the length of its 3-kilometer 

arms change by a distance 10,000 times smaller 

than the diameter of a proton! This makes VIRGO 

susceptible to a great deal of instrumental and 

environmental sources of noise.

These sources of noise need to be understood and 

controlled.

There are sources of noise that are understood…



DIFFERENT SOURCES OF “NOISE” AFFECT THE

GRAVITATIONAL WAVE DETECTOR’S SENSITIVITY

Adapted from : Laser Labs’ Spacetime Quest: https://www.laserlabs.org/spacetimequest.php

https://www.laserlabs.org/spacetimequest.php


A FEW EXAMPLES OF ENVIRONMENTAL

NOISE..



HAVE YOU EVER WONDERED HOW AN

EARTHQUAKE IN MAGOULA/ GREECE AFFECTS

THE VIRGO GRAVITATIONAL WAVE DETECTOR

IN PISA? (19 JULY 2019)*
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Due to the earthquake in Magoula, the horizon of the Virgo 

detector dropped by a factor of 3!

* BNS range is defined as the distance up to which a single

detector could observe the coalescence of a pair of 1.4solar masses

neutron stars with signal to noise ratio of 8. 



DOES THE WIND BLOWING, AFFECT A

GRAVITATIONAL WAVE DETECTOR?

On March 22, from 20.00 UTC and on, the wind 

speed jumped from a few to >40km/hr and exceeded 

60km/hr around 08.00 in the morning. 

This induced seismic noise both to the ground and 

to the building where the VIRGO detectors are 

housed, thus affecting its performance. 

What does this plot tell us?

"If two neutron stars with mass equal to 1.4 solar masses merged in distance 

higher than 50 MPc and a signal arrived to our detector around 08.00 A.M, 

we wouldn't be able to detect it because the wind was blowing furiously!"



However, there are sources of “noise” in 

Gravitational Wave detectors that are poorly 

understood.. The so called “Glitches”!
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“Glitches”: Noise “triggers” that make their 

way in the GW data

and introduce dead time in the detector and 

mimic GW signals. 

The frequency spectrum of a class of glitches



Classifying glitches using computers has proven to 

be an exceedingly difficult task. A family of data 

analysis algorithms known as machine 

learning have made huge strides over the past 

decade in classification problems, though they 

usually require a large pre-classified dataset to 

operate effectively. However, human intuition has 

proven time and time again to be a useful tool in 

pattern recognition problems such as this.

This is where citizen science comes to the 

rescue!



CITIZENS SUPPORT THE OPTIMIZATION OF 

LARGE RESEARCH INFRASTRUCTURES

CASE STUDY: GRAVITY SPY

https://www.zooniverse.org/projects/zooniverse/gravity-spy

Citizens help LIGO and VIRGO scientists identify typologies of glitches and 

advance their machine learning algorithms

https://www.zooniverse.org/projects/zooniverse/gravity-spy


HOW DOES IT WORK?

 Citizen scientists sift through the enormous amount of 
LIGO/Virgo data to produce a robust "gold standard" glitch 
dataset that can be used to seed and train machine 
learning algorithms.

 Machine learning algorithms will learn from this classified 
dataset to sort through more LIGO/Virgo data, and choose 
the most interesting, abnormal glitches to be sent back to 
the citizen scientists

 Citizen scientists further classify and characterize these 
glitch morphologies, determining new glitch categories to 
be used in the training of the machine learning algorithms.

 Utilizing the strengths of both humans and computers, this 
project keeps LIGO/Virgo data as clean as possible, and 
helps to unlock more of the gravitational wave universe.



 In Gravity Spy, citizens classify “glitches” 

according to their signal characteristics and 

communicate their findings to collaborating 

scientists from the GW detector team.

https://www.inverse.com/article/28729-gravity-spy-hunting-for-

gravitational-waves-ligo

https://www.inverse.com/article/28729-gravity-spy-hunting-for-gravitational-waves-ligo


The Scientists’ Point of viewThe Citizens’ Contribution



RECOGNITION OF CITIZENS’ 

ACHIEVEMENTS

https://www.symmetrymagazine.org/article/citizen-scientists-

join-search-for-gravitational-waves

https://alog.ligo-wa.caltech.edu/aLOG/index.php?callRep=27138

A citizen scientist identified a new source of glitches and 

helped scientists

optimize their detector against them, thus contributing in the 

optimization 

of a GW detector!

https://www.symmetrymagazine.org/article/citizen-scientists-join-search-for-gravitational-waves
https://alog.ligo-wa.caltech.edu/aLOG/index.php?callRep=27138


NOW IS YOUR TURN! LET’S IDENTIFY

GLITCHES TOGETHER!



https://www.zooniverse.org/projects/zooniverse/gravity-spy

https://www.zooniverse.org/projects/zooniverse/gravity-spy

