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Today’s talk will cover:

• What are gravitational waves?

• What are black holes and neutron stars?

• How can we observe them with 
gravitational waves? 
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The First Direct Detection

• On September 14, 2015, the Laser 
Interferometer Gravitational-Wave Observatory 
(LIGO) detects gravitational waves.

• These gravitational waves originate from the 
collision of two black holes 1 billion light 
years away.

• A new field of astrophysics is born.
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They were each 30 times the mass of our sun.

They merged about 1 billion light years away.

Two black holes crashing into each other at 
over half the speed of light

This event emitted more energy than the 
entire rest of the Universe combined           

(for a fraction of a second).
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What is all the excitement 
about?

• Einstein was right! 
Gravitational waves 
exist.

• Black holes merge!
• A new way to 

observe the 
universe!
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Fast forward 2 years…

Cosmic 
fireworks!

We detected merging neutron 
stars
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August 17, 2017: 
First Detection of a Neutron Star Merger
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So what are
gravitational waves?
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Einstein’s Gravity (1915)

• Space and time are inextricably 
linked — “spacetime”

• Massive bodies curve spacetime

• Curved spacetime causes objects 
to move and “feel gravity”

• Gravity is the bending of 
spacetime! 
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–John Archibald Wheeler

“Spacetime tells matter how to move; 
matter tells spacetime how to curve” 
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Extremely massive objects moving at 
extreme speeds cause ripples in 

spacetime.

These ripples are gravitational 
waves.
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What do Gravitational Waves 
do?

The effect of gravitational waves on matter is to stretch & 
squeeze it … but the effect is really small. 
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Visualizing Gravitational Waves
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Gravitational Waves Are “Weak”

• A “loud” gravitational wave only changes the 
distance between our sun and the next closest star 
(4.3 lightyears away) by the width of a human hair! 

4.3 ly = 25 trillion miles

Our sun Alpha Centauri
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Detection Prerequisites

A “loud” source 
of gravitational 

waves

REALLY 
precise 
detector
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Merging black holes and neutron stars
produce loud gravitational waves!
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What are Black Holes?

• Black hole: a region of 
spacetime from which 
nothing can escape. 

• “Densest” objects in 
the universe

• Completely dark

Spacetime can infinitely warp!
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How big are black holes?
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What are Neutron Stars?

• Less dense than black 
holes

• But still denser than 
anything we can 
imagine… 

• Not dark!!!

Made entirely of neutrons!
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How are black holes and neutron stars 
made?

• A massive star 
runs out of fuel

• Explodes as a 
supernova

• Leaves behind 
neutron star or 
black hole
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To detect gravitational waves, we 
have to measure the stretching of 

space
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Gravitational Wave Signal
Inspiral Merger Ring-

down

Time

Amount of stretching
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Gravitational Waves Detected So 
Far
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The “chirp” of 2 black holes 
colliding
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Neutron star chirp is much 
longer!
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How are Gravitational Waves 
Detected?

❖

34



Inception of LIGO

35



The Nobel Prize in Physics 2017

"for decisive contributions to the LIGO detector and the 
observation of gravitational waves"
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LIGO Scientific Collaboration

• Over 1000 scientists 
from 83 institutions in 
15 countries

• Many types of scientists 
involved: theorists, 
experimentalists, data 
analysts, engineers, 
astrophysicists…
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Humans of LIGO
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UChicago LIGO Group

Robert Wald, Amanda Farah, Reed Essick, Daniel Holz, 
Maya Fishbach, José Maria Ezquiaga

Past members: Hsin-Yu Chen, Ben Farr, Zoheyr Doctor, 
Phil Landry
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A network of interferometers

The two LIGO detectors
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With 3 detectors, we can localize 
sources

Very important for pointing 
telescopes!43



Neutron star collisions produce flashes of 
light
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Neutron star collisions produce flashes of 
light
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Neutron star collisions produce heavy 
elements
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With LIGO and Virgo, we have already 
detected:

❖ 10 black hole mergers

❖ 1 neutron star merger
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LIGO and Virgo are currently in our third observing 
run!

Alerts are public!
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What’s next?

❖ More black holes and neutron stars! (There is 
still a lot to learn!)

❖ Supernovae? (Exploding stars)

❖ Pulsars? (Spinning neutron stars)

❖ Gravitational waves from the beginning of the 
universe??
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Questions?
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