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RESEARCH INTERESTS:
I like stars that explode (aka SUPERNOVAE). 

I try to understand:

@starstrickenSF

1. WHICH stars explode? 

2. HOW do they explode? 

3. What do they tell us about the 

FATE OF THE UNIVERSE?  
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NASA; ESA; G. Illingworth, D. Magee, and 
P. Oesch, University of California, Santa 
Cruz; R. Bouwens, Leiden University; and 
the HUDF09 Team
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OK, SO WHAT EVEN IS A 
SUPERNOVA? (PL: SUPERNOVAE)

BRIGHT & POWERFUL 
EXPLOSIVE DEATH  

OF A STAR BIGGEST EXPLOSIONS 
IN THE UNIVERSE

OUTSHINE GALAXIES 
MADE OF HUNDREDS  

OF BILLIONS 
OF STARS

IN 1 MONTH, 
EMITS AS MUCH ENERGY  

AS THE SUN WILL EVER EMIT  
OVER ITS  

10 BILLION YEAR LIFETIMESPEEDS 10-20%  
SPEED OF LIGHT* 
(ENERGY = 1028 

TONS OF TNT)



Why should we care 
about supernovae? 
Why are they cool?



FIRE Simulation 

By: Kareem El-Badry (my cousin!)

Supernovae trigger star formation 
& disperse elements throughout 

the interstellar medium. 

THUS, THEIR DEATHS 
TRIGGER THE BIRTHS OF 

NEW STARS. 
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FIRE Simulation 

By: Kareem El-Badry (my cousin!)

COSMOLOGICAL 
SIMULATION OF GALAXY 
EVOLUTION

Timescale ~3 Gigayears 

Temperature color map. 

Purple dots are cooler

Creates
stars

Supernovae 
explode

Gas gets 
blown out 
of galaxy

Gas 
cools

Giant 
Molecular 
Cloud 
forms



Supernovae are the birthplace of 
heavy elements in the Universe.



Carl Sagan (my hero)



FIRE Simulation:  
Flying through a Milky-Way-like Galaxy 

in the X-Ray

Phil Hopkins, Caltech 2015 

FIRE Simulations

1 supernova per second in 

the Universe 

 1-3 supernovae seen from 

Earth per day 

 1-2 supernovae per galaxy 

(like the Milky Way) per 100 

years

HOW COMMON ARE  
SUPERNOVAE?



What do these 
supernovae actually 
look like from Earth?



SN 1006 

Cast shadows at night 
&  

was visible during 
the day for months 

Seen by ancient observers 
in: 

Switzerland, Egypt, Iraq, 
China, Japan, and North 

America. 

Gas heats up 
surrounding 

medium & glows

Expelled gas 
travels outwards 

& runs into 
surrounding 
material

Star 
explodes

Formation of Supernova Remnants

HISTORICAL 
SUPERNOVAE

Chanda X-Ray Satellite Telescope



Crab Nebula / 
SN 1054 

Bright enough to be 
seen in daylight for 

23 days! 

Seen by ancient observers in: 

China, Japan, Arab countries, 
and Native American folks 

Gas heats up 
surrounding 

medium & glows

Expelled gas 
travels outwards 

& runs into 
surrounding 
material

Star 
explodes

Formation of Supernova Remnants

Hubble Space Telescope

Visible in the night 
sky for 653 days 

HISTORICAL 
SUPERNOVAE



Hubble Space Telescope

Star = 
Supernova 

Hand shows 
relative size 
of sky objects 

Crescent moon shows 
phase / position of 
moon relative to 
the supernova on 

July 4, 1054

Rendition of SN 1054 by Ancestral 
Puebloans (Hisatsinom in Hopi) in 

Peñasco Blanco - a Chacoan Ancestral 
Puebloan great house(Chaco Canyon)- 

in New Mexico, USA. 

Petroglyph from 1054.



Tycho Brahe, discovered SN by eye 1572 Chanda X-Ray Satellite Telescope

B Cas/SN 1572 
Tycho’s SN Remnant



B Cas/SN 1572 
Tycho’s SN Remnant

Tycho Brahe, discovered SN by eye 1572 Chanda X-Ray Satellite Telescope

Also seen in…



Johannes Kepler (Brahe’s GRADUATE 
STUDENT), discovered SN by eye 1604

CXO/HST/Spitzer Space Telescope

SN 1604 
Kepler’s Supernova

https://en.wikipedia.org/wiki/Chandra_X-ray_Observatory
https://en.wikipedia.org/wiki/Hubble_Space_Telescope
https://en.wikipedia.org/wiki/Spitzer_Space_Telescope
https://en.wikipedia.org/wiki/Chandra_X-ray_Observatory
https://en.wikipedia.org/wiki/Hubble_Space_Telescope
https://en.wikipedia.org/wiki/Spitzer_Space_Telescope


SN 1604 
Kepler’s Supernova

Johannes Kepler (Brahe’s GRADUATE 
STUDENT), discovered SN by eye 1604

CXO/HST/Spitzer Space Telescope

2nd supernovae observed in a 
generation in the Milky Way. But there 

haven’t been any observed in our 
galaxy since, over 400 years ago… 

We are due for another one!

https://en.wikipedia.org/wiki/Chandra_X-ray_Observatory
https://en.wikipedia.org/wiki/Hubble_Space_Telescope
https://en.wikipedia.org/wiki/Spitzer_Space_Telescope
https://en.wikipedia.org/wiki/Chandra_X-ray_Observatory
https://en.wikipedia.org/wiki/Hubble_Space_Telescope
https://en.wikipedia.org/wiki/Spitzer_Space_Telescope


SN 1987A 

On Feb 24, 1987, a star exploded in 
our cosmic backyard.  

The Large Magellanic Cloud, just 
170,000 lightyears away (1018 

miles). 

This was the first naked-eye 
supernova in the era of modern 

astronomy.



Tracing SN 1987A Across Cosmic Time 
1994 — 2004

Hubble Space 
Telescope, NASA, ESA;  
Video compilation: Mark McDonald 

SN 1987A

Gas heats up 
surrounding 

medium & glows

Expelled gas 
travels outwards 

& runs into 
surrounding 
material

Star 
explodes

Formation of Supernova Remnants

Here, the ejecta slams into the material 
released by the progenitor system 

~20,000 years before the star exploded.



Date: May 1993 — Feb 2000 
Distance: 11 Megalightyears 
Velocity of outflows: 
10,000 mi/s —> 6,000 mi/s  

23 consecutive VLBI Images

OTHER 
SUPERNOVAE 
VISIBLE  
FROM  
EARTH

SN 1993J 
Galaxy: M81

Color scale: Brightness of 
radio emission (blue = 
faintest, red = brightest) 



Date: May 1993 — Jeb 2000 
Distance: 20 Megalightyears 
(~1020 miles) 

Hubble Space Telescope

SN 1994D 
Galaxy: NGC 4526

Supernova as bright as 
the core of the galaxy 
(~100 billion stars) 

OTHER 
SUPERNOVAE 
VISIBLE  
FROM  
EARTH



SN 1998S 
Galaxy: NGC 3877

Time: 3.5 months 
Distance: 42 Megalightyears

Pedro Ré, Marine Biologist at 
University of Lisbon / Portugal

OTHER 
SUPERNOVAE 
VISIBLE  
FROM  
EARTH



How are supernovae 
formed?



Type Ia Supernova 



SUN

EARTH

WHITE DWARF
NASA / SDO



NASA / SDO & the Carnegie 
Institution



Type Ia Supernova 
Occurs in a binary system, 
where the mass transfer 
triggers a thermonuclear 

supernova.

MAIN 
SEQUENCE 

STAR 
OR  

RED GIANT 
STAR

WHITE 
DWARF

WHITE 
DWARF

WHITE 
DWARF

Double Degenerate SystemSingle Degenerate System



NASA, ESA, and F. Summers and G. Bacon 

STScI) 

Simulation credit: S. Orlando  

(INAF-Osservatorio Astronomico di Palermo)

SN 1987A 
Galaxy: Large Magellanic Cloud

Core Collapse Supernovae



Occurs at the end of a 
massive star’s life. The star 
runs out of fuel, collapses, 

and subsequently explodes

ironoxygen,neon,magnesiu
msilic n,o su ufl r

carb n,o ox egy n

he uli m
hy rd g no e

CORE OF A  
RED SUPERGIANT

Stellar core

Core Collapse Supernovae



≈M < 8M☉WHITE DWARF

1M☉ = 1 SOLAR MASS = THE MASS OF OUR SUN

BLACK HOLE

SINGULARITY

M < 25M☉ M > 25M☉

NEUTRON 
STAR

DEATH 
OF  
MASSIVE 
STARS



M < 8M☉WHITE DWARF

1M☉ = 1 SOLAR MASS = THE MASS OF OUR SUN

BLACK HOLE

SINGULARITY

M < 25M☉ M > 25M☉

NEUTRON 
STAR

DEATH 
OF  
STARS © SARAFINA NANCE

Supernovae are powerful 
stellar explosions that push 

the boundaries of our 
physics knowledge.



DWARF
STARS

NEUTRON 
STAR

STELLAR GRAVEYARD

PULSARMAGNETAR

© SARAFINA NANCE

SINGULARITY

They form some of the most exotic 
phenomena in our Universe.



COMBINATIONS: 

2 BLACK HOLES 

(BBH) 

2 NEUTRON STARS 

(BNS) 

1 NEUTRON STAR + 

1 BLACK HOLE 

(NSBH)
Binary Black Holes (BBH)  

Spins: 0.91 & 0.3 

Mass Ratio: 6:1

by: Robert McGehee &  

Alex Streicher, SXS

AND WHEN 2 OF THESE 
SPEEDY OBJECTS COLLIDE…

They create gravitational waves.
LIGO



By: Simulating eXtreme Spacetimes Project 

www.black-holes.org

Binary Black Holes (BBH)  
Masses: ~30M☉ 

Time: 1.3 billion years ago

http://www.black-holes.org
http://www.black-holes.org


How do we find 
supernovae?



Animation by: Samuel Hinton 

SEARCH FOR 
SUPERNOVAE

1 supernova per galaxy per 100 
years 

=  

 1 supernova per 100 galaxies per 
year  

=  

100 supernovae per 10,000 galaxies 

per year (if you monitor frequently 

enough)

3-D Visualization of  

DES+OzDES, WiggleZ, GAMA, 2dF, 6dF, & SDSS 

Surveys 

CENTER: US 
DOTS: GALAXIES OBSERVED 

Orange dots: DES + supernovae measured by OzDES. 

Blue dots: WiggleZ Dark Energy Survey. 

Green dots: Galaxy And Mass Assembly Survey (GAMA). 

Red dots: 2dF Galaxy Redshift Survey. 

Yellow dots: 6dF Galaxy Survey. 

Purple dots: Sloan Digital Sky Survey (SDSS). 



Animation by: Samuel Hinton 

1 supernova per galaxy per 100 
years 

=  

 1 supernova per 100 galaxies per 
year  

=  

100 supernovae per 10,000 galaxies 

per year (if you monitor frequently 

enough)

3-D Visualization of  

DES+OzDES, WiggleZ, GAMA, 2dF, 6dF, & SDSS 

Surveys 

CENTER: US 
DOTS: GALAXIES OBSERVED 

Orange dots: DES + supernovae measured by OzDES. 

Blue dots: WiggleZ Dark Energy Survey. 

Green dots: Galaxy And Mass Assembly Survey (GAMA). 

Red dots: 2dF Galaxy Redshift Survey. 

Yellow dots: 6dF Galaxy Survey. 

Purple dots: Sloan Digital Sky Survey (SDSS). 

Thus, we need to look at a 
whole bunch of galaxies every 

single night!!!

SEARCH FOR 
SUPERNOVAE



What kind of data do we 
get?

NASA’s Goddard Space Flight Center

LIGHTCURVES

SPECTRA
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Betelgeuse photo: ESO, PIERRE 
KERVELLA, M. MONTARGÈS ET AL

Betelgeuse

A Red Supergiant in the  
upper left shoulder of the 

constellation Orion



Betelgeuse: 
IN CULTURES AROUND THE WORLD

EGYPTIAN 
Sah

NAVAJO 
First Slim One

TUPI 
Old Man

Data viz from astronomer 
and data visualization 
lover: Nadieh Bremer



Betelgeuse: 
IN CULTURES AROUND THE WORLD

Arabic 

Belarusian 

Chinese 

Dakota 

Egyptian 

Hawaiian 
Starlines 

Indian 

Inuit

Japanese Moon 
Stations 

Korean 

Macedonian 

Navajo 

Ojjbwe 

Sardinian 

Tukano 

Tupi  

Western

ALL CULTURES LISTED

Data viz from astronomer 
and data visualization 
lover: Nadieh Bremer



Is Betelgeuse going to 
explode soon?



SPHERE on ESO’s VLT 
ESO / M. Montarges et al. 

THE GREAT 
DIMMING EVENT

From 10/2019 - 2/2020,    
something really weird 

happened.  

Betelgeuse dimmed. A lot. 

DOES THAT MEAN IT IS GOING 
TO EXPLODE SOON????

Brightness: +0.2 Brightness: +1.12

BEFORE DIMMING AFTER DIMMING
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THE GREAT 
DIMMING EVENT

Between 12/19 & 1/20 something 
really weird happened. Betelgeuse 

started dimming. A lot.  

DOES THAT MEAN IT IS GOING 
TO EXPLODE SOON????

SPHERE on ESO’s VLT 
ESO / M. Montarges et al. 

Short answer: 
No. :(



                              

What does the data say?

TRANSLATED TO ENGLISH 

Betelgeuse has 2 distinct 
periods.  

When combined, they create a 
periodic “beating” effect, which 
predicted the star would reach a 

minimum brightness between 
2/14/20 & 2/28/20.  

Guess what? It did just that.

After that, it re-brightened…
right on schedule!!!



Theory #1

Observer: Vasco Henriques 
Data reductions : Vasco Henriques / Luc Rouppe 
van der Voort 
Date: 25 May 2017 
Wavelength: 3950 Å, near Ca II H and K

Vein-like stuff on the 
surface are convective 
cells bubbling — like 

boiling water.
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Theory #1

Observer: Vasco Henriques 
Data reductions : Vasco Henriques / Luc Rouppe 
van der Voort 
Date: 25 May 2017 
Wavelength: 3950 Å, near Ca II H and K

Vein-like stuff on the 
surface are convective 
cells bubbling — like 

boiling water.

TEMPERATURE CONVECTION 

= =

VISIBLE LIGHT 
REDSHIFTED

VISIBLE LIGHT

GAMMA RAYS X-RAYS INFRARED RADIO WAVESUV

Temperature not low 
enough: this is not the 

answer! 



Betelgeuse burped out a 
shell of material that 

obscured the star, making 
it appear dimmer.

NASA, ESA, M. Kornmesser 

Notice the star  

EXPANDING & SHRINKING, 

thus growing 

BRIGHTER & DIMMER 

Theory #2



Betelgeuse burped out a 
shell of material that 

obscured the star, making 
it appear dimmer.

NASA, ESA, M. Kornmesser 

Notice the star  

EXPANDING & SHRINKING, 

thus growing 

BRIGHTER & DIMMER 

Theory #2

We see evidence of 
“gray” dust around 

Betelgeuse — this seems 
to be the right answer! 



If Betelgeuse is NOT 
going to explode soon, 

then when WILL it 
explode?



Compare 
observations with 

simulations

Wheeler, Nance, et al. 
2016 

AKA not exploding for another 
~100,000 years (or so)

Simulations comparing Betelgeuse’s  

observed characteristics  

with its  

simulated characteristics  

place Betelgeuse at the base of the Red 
Giant Branch
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Searching the Cosmos 
with the

HUBBLE SPACE TELESCOPE



Most Distant Supernova 
Ever

DES16C2nm

A type of supernova 
called a Superluminous 

Supernova

Thought to have exploded 

 10.5 BILLION YEARS AGO 

(That’s when the Universe was just 
3.3 billion years old, 1/4 of its 

current age)

Mat Smith & DES 
Collaboration 



The Expanding Universe

Visualization of 
Hubble’s Law (1929)

All galaxies move away from 
each other. 

All galaxies have mass 
(stars, planets, etc.) which 
means they gravitationally 

pull on each other. 

All this pulling should slow 
down the Hubble Expansion, 
forcing distant galaxies to 

slow down.
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The Expanding Universe

Way better visualization 
of Hubble’s Law (1929) 
that includes breadAll galaxies move away from 

each other. 

All galaxies have mass 
(stars, planets, etc.) which 
means they gravitationally 

pull on each other. 

All this pulling should slow 
down the Hubble Expansion, 
forcing distant galaxies to 

slow down.

But that’s not what we see!!!!!



The Expanding Universe

SN 1997cj SN 1997ce SN 1997ck

Peter Garnavich, Harvard-
Smithsonian Center for 
Astrophysics, the High-z Supernova 
Search Team, and NASA/ESA

Instead, in 1997, astronomers 
found something very weird.  

Distant supernovae appeared 
fainter than expected. 

Thus, they must be farther 
away than we thought.

http://www.nasa.gov/
http://www.esa.int/
http://www.nasa.gov/
http://www.esa.int/


The Expanding Universe

SN 1997cj SN 1997ce SN 1997ck

Peter Garnavich, Harvard-
Smithsonian Center for 
Astrophysics, the High-z Supernova 
Search Team, and NASA/ESA

Something must be forcing the 
Universe to expand faster and 

faster to explain the dim 
supernovae, not slowing down 

as expected. But what?

Instead, in 1997, astronomers 
found something very weird.  

Distant supernovae appeared 
fainter than expected. 

Thus, they must be farther 
away than we thought.

http://www.nasa.gov/
http://www.esa.int/
http://www.nasa.gov/
http://www.esa.int/


1998 SCIENTIFIC BREAKTHROUGH 
OF THE YEAR

The Expanding Accelerating 
Universe



The Expanding Accelerating 
Universe

Nobel Prize Ceremony, 2011

My advisor, 
Peter Nugent Saul 

Perlmutter, 
Nobel 

Laureate in 
Physics

DARK ENERGY

DARK MATTER

INTERGALACTIC 
GAS

0.4% 
STARS & US

Observations of distant Type Ia 
supernovae have shown that the 

Universe is “currently accelerating and 
that over 2/3 of it is in the form of Dark 

Energy.”



DARK ENERGY

DARK MATTER

INTERGALACTIC 
GAS

0.4% 
STARS & US

The Expanding Accelerating 
Universe

Nobel Prize Ceremony, 2011

My advisor, 
Peter Nugent Saul 

Perlmutter, 
Nobel 

Laureate in 
Physics

Observations of distant Type Ia 
supernovae have shown that the 

Universe is “currently accelerating and 
that over 2/3 of it is in the form of Dark 

Energy.”

IMPORTANT: Dark 
Energy IS NOT THE 

SAME AS Dark Matter 



The Expanding Accelerating 
Universe

NASA’s Goddard Space Flight Center



The Expanding Accelerating 
Universe

NASA/STScI/G. Bacon



But this expansion rate is 
actually not well-constrained

60 7065 75 80

3.4σ 
TENSION

TYPE IA SUPERNOVAE 
(LOCAL UNIVERSE)

COSMIC MICROWAVE 
BACKGROUND

HUBBLE CONSTANT H0
(km s-1 Mpc-1)

EARLY UNIVERSE 
observations give 

a ‘low’ value

LOCAL UNIVERSE 
(present-day) 

observations give 
a ‘high’ value



60 7065 75 80

3.4σ 
TENSION

COSMIC MICROWAVE 
BACKGROUND

TYPE IA SUPERNOVAE 
(LOCAL UNIVERSE)

HUBBLE CONSTANT H0
(km s-1 Mpc-1)

EARLY UNIVERSE 
observations give 

a ‘low’ value

LOCAL UNIVERSE 
(present-day) 

observations give 
a ‘high’ value

Traditional local measurements of the 
Hubble Constant are Type Ia 

supernovae. 

I want to push the envelope by using a 
totally independent measure that 
hasn’t been used before: Type IIP 

supernovae.

Need an independent method to 
resolve this tension.

But this expansion rate is 
actually not well-constrained



S

Remember Type II Supernovae?

In-falling 
material driven 

by gravity

Pressure from 
neutrinos that drives 

the expansion & 
subsequent 
explosion

STALLED SHOCK
EJECTED MATERIAL

Proto-
Neutron Star

(aka big stars that 
explode without the help 
of a companion star)

I use these 
babies 

(specifically 
Type IIP) to 

try to measure 
the rate of the 
expansion of 
the Universe!



NASA/STScI/G. Bacon

The expansion rate tells us something 
about the Fate of the Universe

THE BIG CRUNCH



NASA/STScI/G. Bacon

THE BIG RIP

The expansion rate tells us something 
about the Fate of the Universe



We need your help finding 
supernovae!

http://supernova.galaxyzoo.org

Reference imageTarget image (SN 
“detection”)

Difference image



Explore the cosmos with me in my 
new show CONSTELLATIONS



IF YOU REMEMBER ANYTHING 
FROM THIS TALK, REMEMBER THIS:

SUPERNOVAE ARE EXPLODING STARS. THEY CAN BE 2-STAR OR 1-STAR SYSTEMS.

YOU CAN HELP US FIND SUPERNOVAE!

BETELGEUSE IS (PROBABLY NOT) GOING TO EXPLODE ANYTIME SOON. 

THE UNIVERSE IS EXPANDING. THAT EXPANSION IS ACCELERATING THANKS TO 

DARK ENERGY. WE FOUND THAT OUT BY STUDYING SUPERNOVAE.
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