
Black Holes 
whisper sweet

Daniel Holz
University of 

Chicago
PSU

nothings



Black Holes 
whisper sweet

PSU

somethings

Daniel Holz
University of 

Chicago



Aspen Center for Physics



• Ultra-Compact Binaries as Laboratories for 
Fundamental Physics 

We have been finding many new types 
of “exotic” or “peculiar” transient 
events in the sky. Some of these are 
100 times fainter than typical 
supernovae, with durations of a few 
days instead of weeks (“Fast”), while 
others are 100 times brighter than 
typical supernovae and can last for 
years (“Furious”). What are these?

Aspen Center for Physics

• Fast and Furious: 
Understanding Exotic 
Astrophysical 
Transients

How do white dwarfs, neutron stars, and black holes merge? How do 
binary systems evolve? How do stars evolve? How does material fall 
onto these objects? What sort of radio, optical, X-ray, and 
gravitational waves will they emit?



What do I think about?

•General relativity, Cosmology, & Astrophysics
•Black holes
•Dark matter & Dark energy
•Gravitational waves



Thunder and Lightning

Thus far we’ve only seen the Universe (and 95% of 
it is dark: dark matter and dark energy).
In the coming decade we will finally be able to 
listen to the Universe through gravitational waves.
We will hear black holes crashing into each other.

This will be revolutionary!



Outline

• What are gravitational waves?

• What are black holes?

• How do we find gravitational waves 
emitted by black holes?



•Key assumption of General Relativity:
•Nothing travels faster than the speed of 

light. Not even information.
•If a massive object moves, how do we know?

•Something must travel from the object 
to us, to let us know. This is a 
gravitational wave.

What are 
gravitational 
waves?
Heuristic arguments



•Gravity is the curvature of spacetime
•Matter tells space how to curve, and space 

tells matter how to move

What are gravitational waves?

movie by Vicky Kalogera & Carl Rodriguez at Northwestern University



•As objects move, they cause ripples in 
spacetime. These ripples are gravitational 
waves

What are gravitational waves?

movie by Vicky Kalogera & Carl Rodriguez at Northwestern University



What do gravitational 
waves do?

•Alternatively stretch and 
shrink the distance 
between two points



Where do gravitational 
waves come from?

•Anything moving around generates 
gravitational waves

•Essentially all sources of gravitational 
waves are staggeringly weak

•Need large masses (e.g., the mass of the 
Sun) moving very fast (e.g., near the 
speed of light)



Strong sources of 
gravitational waves
•Two black holes (or 

neutron stars) crash 
into each other

•A star falls into a big 
black hole

•A supernova explodes 
(asymmetrically)

•The Big Bang•The Big Bang



Stunningly important result from BICEP2 telescope!
First direct detection of gravitational waves
“Smoking gun” for theory of inflation
We know what the Universe did at 10-36 seconds!

Gravitational waves from the Big Bang!



Gravitational waves from the Big Bang!

You can download the paper if interested!
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Strong sources of 
gravitational waves
•Two black holes (or 

neutron stars) crash 
into each other

•A star falls into a big 
black hole

•A supernova explodes 
(asymmetrically)

•The Big Bang

•Two black holes (or                                 
neutron stars) crash                                       
into each other



•A region of space where the gravity is so 
strong that not even light can escape

•Black holes are small
•Earth: 1 inch across
•Sun: 4 miles across

•Black holes don’t suck!
•Time stops at surface (event horizon)
•Black holes have a temperature, and explode

What are black 
holes?



• Movie of stars orbiting around the center of our Milky Way 
galaxy. This is ACTUAL DATA from Andrea Ghez (UCLA).

• Can see stars circling close to a massive, dark object: black hole!
• Black hole has mass 4 million times our Sun
• Black hole is smaller than 4x size of our Solar System

Black holes exist!



• “small” ones of the mass of our Sun all over the 
galaxy. Find these with gravitational waves!

• “supermassive” ones a million times heavier than 
the Sun at the centers of most galaxies (including 
ours!)

Black holes are everywhere!



Binary black holes

NASA



Why do we listen to, but not 
see, gravitational waves?
•Gravitational wave detectors are 

omnidirectional (you hear in all 
directions, you see in one direction)

•Gravitational waves aren't scattered or 
absorbed (hard to block sound with a 
barrier)

•Gravitational waves
don’t image (hard to
figure out what
someone looks like by
listening to them)



Why do we listen to, but not 
see, gravitational waves?
•Gravitational wave detectors are 

omnidirectional (you hear in all 
directions, you see in one direction)

•Gravitational waves aren't scattered or 
absorbed (hard to block sound with a 
barrier)

•Gravitational waves
don’t image (hard to
figure out what
someone looks like by
listening to them)

Analogy! c
aveat e

mpto
r



Listening to a
gamma-ray burst

sound courtesy of Sam Finn (PSU)
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What do we mean by “strong” 
gravitational waves?

•Dimensionless wave strain is roughly 10-21

•If you measure the distance to an object 
miles away, the relative change in distance 
as a gravitational wave passes is much less 
than the size of a proton



How do we detect 
gravitational waves?

bar detector
pulsar timing array



How do we detect 
gravitational waves?
laser interferometers

LIGO (Hanford, WA) LIGO (Livingston, LA)

Virgo (Pisa, Italy)



LIGO should blow your mind!

•Sensing changes over 2.5 miles to a 
thousandth the size of a proton



•Detectors are currently 
being significantly upgraded

We will detect gravitational 
waves soon!

•Will be operating at advanced 
sensitivity within 5 years



Detecting gravitational 
waves in space!

Laser Interferometer 
Space Antenna (LISA)

Detects supermassive 
black hole mergers 
anywhere in the 
Universe

CANCELED DUE TO FUNDING ISSUES



•Detectors are currently 
being significantly upgraded

We will detect gravitational 
waves soon!

•Are expected to detect 
gravitational waves!

•Will be operating at advanced 
sensitivity within 5 years



Why should you be excited?

• Confirm Einstein. Or overthrow one of the pillars of 
modern physics.

• Confirm the existence of black holes, and learn 
about neutron star stuff. Listen to merging black 
holes and neutron stars hundreds of millions of 
lightyears away. 

• Elucidate the inner workings of supernovae
• Measure the age of the Universe, and learn about 

the dark energy

In the next few years we 
will directly detect 
gravitational waves!

We will:



Listening to the 
Universe with 
gravitational waves

• A truly new way of exploring the Universe, 
comparable to the invention of the telescope, 
and the Galilean revolution

• The most exciting things we will learn from 
gravitational waves are things we haven’t even 
conceived of yet!

• We have been deaf to the symphony of the 
Universe. Within the coming decade we will hear 
the Universe for the very first time


