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How can we use SCIENCE 

to answer these questions? 
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What are we? 



Image credit: http://today.slac.stanford.edu/images/2008/dark-matter-illuminated-lg.jpg 

Dark matter has baffled scientists since 
its discovery in 1933… 

In 1998 the universe got a whole lot 
stranger with the discovery of dark 
energy… 



Image credit: http://today.slac.stanford.edu/images/2008/dark-matter-illuminated-lg.jpg 

Understanding the missing 96% of the 
universe is the BIGGEST* problem in 
modern physics!!! 
 
 
 
 
*Disclaimer: My opinion 



Image credit: http://www.paulcheksblog.com/wp-content/uploads/2013/05/Milky-Way-Galaxy.jpg 

YOU ARE HERE 

Observing Our Universe 



Observing Our Universe 

Image credit: http://news.nationalgeographic.com/content/dam/news/2016/05/16/starstruck-516/ 

The view from Earth: 
A whole bunch of tiny dots and not 
much else. 



Observing Our Universe 

Image credit: http://news.nationalgeographic.com/content/dam/news/2016/05/16/starstruck-516/ 

Properties of these dots: 

Changes in these over 
time Position on the sky 

Color Brightness 



Observing Our Universe 

Image credit: http://news.nationalgeographic.com/content/dam/news/2016/05/16/starstruck-516/ 
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Color Brightness 

 
How do we get SCIENCE out of this? 



Measuring Distances 

Nearby objects look brighter than  
faraway objects 

   Brightness is a proxy for distance 



Measuring Distances 

QUESTION: What is this? 
 
 
 
 
 
A.  A 60 watt light bulb right in your face? 
B.  Or a megawatt explosion miles away? 



Measuring Distances 

We need two out of three 
to figure out the third. 

Actual 
Brightness 

Apparent 
Brightness 

Distance 
Away 



Standard Candles 

Standard candle: an object 
whose absolute brightness 

is perfectly known 



Cepheid Variable Stars 
Brightness 

increases and 
decreases 

periodically 

Discovered by  
Henrietta Leavitt (1912) 

Image credit: http://www-tc.pbs.org/wgbh/aso/databank/
entries/images/b2leav011388.jpeg 
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Type Ia Supernovae 

Image credit: http://www.astronomynow.com/news/
n1002/18darkenergy/accretion.jpg 

A white dwarf orbiting 
another star sucks in 

matter from its partner, 
increasing its mass 

When the white dwarf 
gets big enough it 

explodes in a 
supernova! 



Type Ia Supernovae 
In 1930 Subrahmanyan Chandrasekhar 
discovered this type of supernova 
always happens when the white dwarf 
reaches a certain mass… 

Image credit: http://chandra.harvard.edu/graphics/
resources/illustrations/chandraBook-72.jpg 
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Type Ia Supernovae 

Image credit: http://www.universetoday.com/108386/bright-new-supernova-blows-up-in-nearby-m82-the-
cigar-galaxy/ 

Same stellar mass Same absolute 
brightness 



Measuring Distances 

Standard candles like 
Cepheid variables and 

Type Ia supernovae give 
us our two out of three! 

Actual 
Brightness 

Apparent 
Brightness 

Distance 
Away 



Measuring Speed 



The Doppler Shift 
A moving object emitting a wave 

compresses the wave in front of it 

And causes the wave to spread out 
behind it 



The Doppler Shift 
Works with light, too. 

Moving toward us  
 
 

“Blueshifted” 

Moving away 
 
 

“Redshifted” 



The Doppler Shift 
Works with light, too. 

   Color is a proxy for velocity 



Edwin Hubble’s Discovery 
Using Cepheid variable 
stars Hubble proved… 

… that the faint fuzzy 
objects astronomers 
called “nebulae” were 
actually other galaxies 
outside our own. 
(1922-1923) 

Image credit: https://www.aip.org/history/exhibits/
cosmology/ideas/images-ideas/hubble_edwin_a6a.gif 



Edwin Hubble’s Discovery 
Using Cepheid variable 
stars Hubble proved… 

… that moreover, the 
redshift of each galaxy 
correlates strongly  
with its distance away! 
(1929) 

Image credit: https://www.aip.org/history/exhibits/
cosmology/ideas/images-ideas/hubble_edwin_a6a.gif 
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Random motion 



Preferred direction 



Maybe we are just repulsive? 



A Tasty Analogy: 

As dough rises the raisins get further apart. 

Raisin POV: the other raisins are all moving 
away from me!  



Hubble’s observations are 
consistent with expansion! 



How did we get here? 

If the universe is getting bigger then it 
must have been smaller in the past… 
 
 
 
 
 
…therefore it must have had a beginning... 



How did we get here? 

14 billion 
years ago: 

The Big 
Bang 

Today 

Time 

Image credit:  
http://blogs-images.forbes.com/jillianscudder/files/2016/03/060915_1280-1200x750.png 



Albert Einstein weighs in… 

Einstein invented the 
Theory of General 
Relativity (1917), which 
describes how the 
force of gravity works. 

Image credit: http://englishbookgeorgia.com/
blogebg/wp-content/uploads/2014/12/Albert-
Einstein.jpg 



Albert Einstein weighs in… 

Intuition led him to 
believe in a stationary 
(nonexpanding) 
universe. 
 
Needs something to 
balance out gravity. Image credit: http://englishbookgeorgia.com/

blogebg/wp-content/uploads/2014/12/Albert-
Einstein.jpg 



Albert Einstein weighs in… 

He put a fudge factor Λ (aka a 
cosmological constant) into GR to make it 
fit a stationary universe. 



Albert Einstein weighs in… 

Acts like  
antigravity, 

pushes objects 
apart 

Pulls objects 
together 

He put a fudge factor Λ (aka a 
cosmological constant) into GR to make it 
fit a stationary universe. 



Einstein’s Biggest Blunder 

But, faced with Hubble’s evidence, Einstein 
admitted his mistake and threw out Λ.  He 
later called this his “biggest blunder”. 

Hmm… you 
are right. 

Image credit: http://blogs.discovermagazine.com/
crux/files/2014/02/einstein1.jpg 



Einstein’s Biggest Blunder 

But, faced with Hubble’s evidence, Einstein 
admitted his mistake and threw out Λ.  He 
later called this his “biggest blunder”. 

Spoiler alert: Λ is not gone! 

Hmm… you 
are right. 

Image credit: http://blogs.discovermagazine.com/
crux/files/2014/02/einstein1.jpg 



How will it all end? 
“Some say the world will end in fire, 

Some say in ice. 
From what I’ve tasted of desire 
I hold with those who favor fire. 

But it it had to perish twice, 
I think I know enough of hate 
To say that for destruction ice 

Is also great and would suffice…” 

-- Robert Frost,  
Harper’s Magazine, Dec. 1920 



How will it all end? 

Gravity slows and 
eventually reverses the 

expansion; “Big Crunch”  

Option A: 

Us today: 

Gravity puts on the brakes but 
universe continues drifting 

outward; “Big Freeze” 

Option B:  



In 1998 the High-z Supernova Search 
Team and the Supernova Cosmology 
Project each noticed something strange 
in their data… 

Image credit: https://photoeditor61.files.wordpress.com/2016/06/victor-m-blanco-teleschop-in-chile.jpg 



Nearby supernovae 
obey Hubble’s formula  

Far-away 
supernovae look 
dimmer than they 
should, diverge 
from Hubble’s 

formula 



How will it all end? 



Actually, it’s Option C! 

The universe is expanding faster and faster 



“What we were 
seeing was a little bit 

like throwing the 
apple up in the air 

and seeing it blast off 
into space…” 

-- Saul Perlmutter,   
Head of the 
Supernova 

Cosmology Project 
Image credit: http://www2.lbl.gov/Publications/Perlmutter-
Nobel/assets/img/Photos-Perlmutter-large.jpg 



2011 Nobel Prize in Physics 

Awarded to Saul Perlmutter, Brian 
Schmidt, and Adam Riess for the 
discovery of the accelerating expansion 
of the universe 
 



2011 Nobel Prize in Physics 

Adam Riess 

Saul Perlmutter 

Brian Schmidt 

Future Nobel Prize 
 winner…? 

Image credit: me 



Let’s call it… DARK ENERGY 

Mike Turner, 
 University of Chicago 

Image credit: http://www.ur.umich.edu/0203/
June02_03/img/030602_physics_turner3.jpg 



So what is dark energy? 

General 
relativity is 

wrong There is a 
brand new 

phenomenon 
at work 

Explanation 

We don’t 
understand 
supernovae 
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brand new 
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Most scientists 
believe this one 



Einstein’s Biggest Blunder 

Putting the cosmological constant back 
into general relativity gives a model that 
describes our universe very well! 

Oh hi! 



OK… but what IS Λ? 
We don’t know!!!       
The simplest theories 
disagree with data by a 
factor of: 

 one trillion  
trillion trillion trillion 
trillion trillion trillion 

trillion trillion trillion!!! 
 



Dark Energy Experiments 
Provide a road map for theory 

 
 



Dark Energy Experiments 

Search for more Type Ia supernovae 

Study gravity by looking at how galaxies 
are clumped together 

Investigate properties of sound waves 
and light from right after the Big Bang 

 
 

Image credit: http://scienceblogs.com/startswithabang/files/2010/12/lss_chdm.jpeg 



DES/DECam 

Image credit: 
https://darkenergydetectives.files.wordpress.com/2013/05/composite_12-0331-11d_11-0222-13d_v1.jpg and 
https://news.upenn.edu/sites/default/files/news/images/hires/CerroTololo%20HiRez.jpg 



LSST (2020) 

Image credit: https://www.lsst.org/sites/default/files/photogallery/Profile-full.jpg 



Image credit: http://classic.sdss.org/includes/sideimages/sdss_pie2.jpg 

SDSS/BOSS 



The South Pole Telescope 

Image credit: me 



Image credit: http://apod.nasa.gov/apod/image/1406/hud2014_1000c.jpg 


